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Preface to the Second edition

“Where is the knowledge in all that information?
Where is the wisdom in all that knowledge?”
W H AUDEN

The recent proliferation of carefully controlled large scale clinical
trials, their meta-analyses and selective observational studies has
contributed to the remarkable strides made in the management of
cardiovascular disease. One of the prophesies stated in the first edi-
tion of this textbook has come to pass — namely, that management
guided by external evidence is an evolving process as newer and
more effective treatment modalities come to light. While success-
ful as a critical approach for managing patients, evidence-based
medicine is nevertheless a work in progress which, if allowed to
rest on its laurels, will “by nature be threatened with impending
obsolescence”. In addition to keeping abreast of new information,
there is a need to integrate and distill the information into coherent
recommendations. Authors were therefore instructed to provide
their recommendations including those based on qualitative judg-
ments. The recognition of new developments in a rapidly changing
dynamic field combined with the overwhelmingly positive world-
wide response to the first edition have prompted the publication of
this second edition.

This edition is again dedicated to providing a comprehensive
compendium of best evidence for the diagnosis and management
of a wide variety of cardiovascular disorders. To avoid critical infor-
mation gaps as meaningful new data emerge, the text contains sev-
eral new features. Because our concepts of what constitutes

evidence-based medicine is subject to change we have included a
completely revised introductory chapter. Appended to the printed
text is a CD Rom that permits ready access to new information and
periodic updates by way of a dedicated and active website. In addi-
tion, there will be available a compact hand-held (PDA) version of
the text. There are new chapters on clinical trials and meta-
analysis; fetal origins of cardiovascular disease; genetics; diet and
cardiovascular disease; obesity; and cardiopulmonary resuscitation.
Several chapters have been completely rewritten and most have
undergone substantial revision. Finally, the layout of the text has
been reformatted for better handling, portability, readability and
affordability.

In preparing this edition the editors and contributors have sub-
scribed to the principle that the best external evidence found in
these pages are not to be considered as hierarchical choices but
rather should be used judiciously with other forms of evidence be
they pathophysiologic, observational or experiential. No effort has
been spared in the preparation of this edition and to this end
invaluable assistance has been accorded us by Judy Lindeman at
McMaster University and Mary Banks and Christina Karaviotis at
BM]J Books.

Salim Yusuf
John A Cairns
A John Camm

Ernest L Fallen
Bernard J Gersh

xvii






Preface to the First edition

“... if a man declares to you that he has found facts that he has
observed and confirmed with his own experience, be cautious
in accepting what he says. Rather, investigate and weigh this
opinion or hypothesis according to requirements of pure logic,
without paying attention to this contention that he affirms
empirically.”

MOSES MAIMONIDES. ca. 1195

Thus did the great physician Maimonides make a plea for an
evidence-based approach to medicine by admonishing his follow-
ers to seek common ground between objectivism and empiricism.
If Maimonides had lived in the year 1785, he would likely have
read William Withering’s An Account of the Foxglove, a com-
pendium of Withering’s personal observations on the clinical effect
of the digitalis leaf. At first blush, Maimonides would cry foul at
such flagrant empiricism, demanding to know the whole of the
inception cohort. It turns out that Withering, instead of selecting
specific cases which would have “... spoken strong in favour of the
medicine, and perhaps been flattering to my own reputation” went
on to say in his Preface “I have therefore mentioned every case in
which [ have prescribed the foxglove, proper or impropet, success-
ful or otherwise ...” thus heralding a genuine, albeit retrospective,
cohort study. It took 212 years before Withering was ultimately
vindicated by the results of the first large scale randomized placebo
controlled trial of digoxin (N Engl ] Med 1997; 336: 526). Sixty-
eight hundred patients with congestive heart failure, in sinus
rhythm, were randomized to receive digoxin (avg dose 0-25mg/
day) or placebo in addition to ACE inhibitors and diuretics. Over a
three-year period there was no statistical difference in overall mor-
tality but digoxin proved to be effective in reducing hospitaliza-
tions due to worsening heart failure.

The advent of large scale prospective randomized clinical trials
has strengthened the external evidence upon which management
decisions can be made with some confidence. We have come to
rely on so-called external best evidence as critical guideposts for
establishing minimal criteria for treatment of many cardiovascular
disorders. In the process, some myths based on putative mecha-
nisms have been dispelled while insights into the efficacy of new
treatments have been more rapidly facilitated. On the other hand
there is a danger of righteous complacency which, if unchecked,
could lead to a slavish dependency on statistical bottom lines and,
ultimately, to “cook book” medicine. It is the intent of this text-
book to present a proper balance between “objectivism and empiri-
cism”. In this regard, the very first chapter begins by defining the
practice of evidence-based cardiology as “... integrating individual
clinical expertise with the best available external clinical evidence
from systematic research”.

The textbook has four principal components. An introductory
general section addresses important topics in clinical epidemiology,
as applied both to the bedside and to a population. This section
includes: critical appraisal of data; clinical trials methodology;

quality of life measurements; health economics; and methods of
decision analysis, all in the context of current clinical practice. Next
follows a section on preventive strategies based on evidence that
should enable the practicing physician to advise, with confidence,
on risk factor modification and quality of life issues for selected
patients. There follows a section on a broad range of specific cardio-
vascular disorders that highlight management issues based on cur-
rent best evidence. Finally, the section on clinical applications is an
attempt to put a clinical face on evidence derived from population
statistics through the use of “live” clinical cases. Here, an attempt is
made judiciously to couple external evidence with clinical expertise
and a sound knowledge of cardiovascular pathophysiology. There is
understandably a wide range of the kinds of evidence available to
support different practices and treatments. The editors have chosen
not to constrain the authors into rigid and uniform formats for
each chapter. While several of the chapters have the level of evi-
dence/recommendations graded, or key messages highlighted, a
uniform format would not have been appropriate for every chapter.

This textbook is designed for a wide audience. Since cardiovas-
cular disease comprises more than fifty percent of adult medicine,
there is something here for everyone in clinical practice and at all
levels of medical undergraduate and postgraduate training. Its
emphasis on practical applications of research methodology and
critical appraisal of data covering a cross-section of clinical topics
should invite interest among those engaged in population studies,
biostatistics, clinical epidemiology and health economics as well as
those involved in healthcare decision analysis, quality assurance
committees and stakeholders responsible for healthcare planning.

Because this textbook relies so heavily on current best evidence, it
is by nature threatened with impending obsolescence. To ensure that
this does not happen, the editors, in concert with the publisher, have
agreed to issue up-dates periodically in the form of special supple-
ments or updated editions, so that the text can be continually revised
in accordance with emerging relevant data. In this context, it is well
to bear in mind that good science always proceeds hesitantly through
a series of tenuous conclusions. And so any recommendation made
on the basis of available best evidence is subject to revision as we
probe deeper into the mysterious nature of disease processes. One
may ask of the large scale clinical trial “Why did it require more than
10,000 patients to show incontrovertible evidence that the experi-
mental drug is effective?” Aye, there is the scientific question!

The editors wish to acknowledge the herculean efforts of
Catherine Wright and Karin Dearness who kept everyone on track
and offer a special appreciation to Mary Banks for her editorial
expertise, patience and support.

Salim Yusuf
John A Cairns
A John Camm

Ernest L Fallen
Bernard J Gersh
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Glossary

Abbreviations commonly used in this book

ABI
ACC
ACE
AED
AF
AHA
AMI
APSAC

APTT
ARR
AS
ASD
ASMR
BBB
BMI
CABG
CAD
CBVD
CCB
CCU
CEE
CHD
CHF
CI
CK-MB
CPP
CPR
CT
CYA
DA
DALY
DHP
DM
DVT
ECG
EEG
EGF
EMF
EOA
EPS
FGF
ES
GPI
HCM
HDL
HMG-CoA
HOCM
HRT

ankle brachial pressure index
American College of Cardiology
angiotensin-converting enzyme
automated external defibrillator
atrial fibrillation

American Heart Association
acute myocardial infarction

anisoylated plasminogen streptokinase

activator complex

activated partial thromboplastin time

associated risk reduction
aortic stenosis

atrial septal defect

age standardized mortality rate
bundle branch block

body mass index

coronary artery bypass grafting
coronary artery disease
cerebrovascular disease
calcium-channel blockers
coronary care unit

conjugated equine estrogen
coronary heart disease
congestive heart failure
confidence interval

creatinine kinase MB isoenzyme
coronary perfusion pressure
cardiopulmonary resuscitation
computerized tomography
cyclophosphamide

dopamine

disability adjusted life years
dihydropyridines

diabetes mellitus

deep vein thrombosis
electrocardiogram
electroencephalogram
epidermal growth factor
endomyocardial fibrosis
effective orifice area
electrophysiologic studies
fibroblast growth factor
fractional shortening
glycoprotein inhibitor
hypertrophic cardiomyopathy
high density lipoprotein (HDL,)

3-hydroxy-3-methylglutaryl-coenzyme A
hypertrophic obstructive cardiomyopathy

hormone replacement therapy

IC
ICD
ICH
IDC
IDL
IE
IFN-y
IGF
IGT
IL

IM
INR
IR
v
LAE
LBBB
LDL
LDL-C
LMWH
Lp(a)
LQTS
v
LVE
LVEF
LVH
MCP
MHC
MHS
Ml
MPA
MRI
MUFA
NA
NHLBI
NINDS
NNT
NSAIDs
NSTEMI
NYHA
OR

P

PAI
PCI
PCR
PDGF
PE
PET
PPCM
PSVT
PTA
PTCA

intracoronary

implantable cardioverter defibrillator
intracerebral hemorrhage
idiopathic dilated cardiomyopathy
intermediate density lipoprotein
infective endocarditis

interferon gamma

insulin-like growth factor
impaired glucose tolerance
interleukin

intramuscular

international normalization ratio
interquartile range

intravenous

left atrial enlargement

left bundle branch block

low density lipoprotein

low density lipoprotein cholesterol
low molecular weight heparin
lipoprotein

long QT syndrome

left ventricular

left ventricular enlargement

left ventricular ejection fraction
left ventricular hypertrophy
monocyte chemoattractant protein
major histocompatibility complex
Milan Hypertensive Strain
myocardial infarction
medroxyprogesterone acetate
magnetic resonance imaging
monounsaturated fatty acid

not available

National Heart Lung Blood Institute

National Institute of Neurologic Disease and Stroke

number needed to treat

non-steroidal anti-inflammatory drugs
non-ST-segment elevation myocardial infarction
New York Heart Association

odds ratio

probability

plasminogen activator inhibitor

percutaneous coronary intervention
polymerase chain reaction

platelet derived growth factor

pulmonary embolism

positron emission tomography

peripartum cardiomyopathy

paroxysmal supraventricular tachycardia
percutaneous transluminal angioplasty
percutaneous transluminal coronary angioplasty

xXi



Evidence-based Cardiology

PUFA
PVC
RCT
RFLP
ROSC
RRR
rtPA
RV
RVEF
RVF
RVH
SAECG
SC

SK
SMC
SFA
SFA
STEMI
TEA

polyunsaturated fatty acid

premature ventricular complex
randomized controlled trial

restriction fragment length polymorphisms
return of spontaneous circulation

relative risk reduction

recombinant tissue plasminogen activator
right ventricular

right ventricular ejection fraction

right ventricular enlargement

right ventricular hypertrophy
signal-averaged ECG

subcutaneous

streptokinase

smooth muscle cells

saturated fatty acid

superficial femoral artery

ST-segment elevation myocardial infarction
thromboendarterectomy

TEE
tFA
TGF
TIA
TIMI
TMP
TNF
TNK
tPA
TTE
UK

VF
VPD
VSD
VT
VTE

transesophageal echocardiography
trans fatty acid

transforming growth factor

transient ischemic attack
Thrombolysis in Myocardial Infarction
TIMI myocardial perfusion

tumor necrosis factor

tenecteplase

tissue plasminogen activator
transthoracic echocardiography
urokinase

versus

ventricular fibrillation

ventricular premature depolarization
ventricular septal defect

ventricular tachycardia

venous thromboembolism

venous ultrasound imaging
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Grading of recommendations and
levels of evidence used in
Evidence-based Cardiology

GRADE A

GRADE C

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b  Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1¢  Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d  Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the

new therapy.

Level 3 Evidence from at least one high quality case—control
study.
Level 4  Evidence from at least one high quality case series.

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from

physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of B blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of B blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.

Recommendation grades appear either within the text, for example,
Grade A and Grade A1la or within a table in the chapter.

The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.
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Grading of recommendations and
levels of evidence used in
Evidence-based Cardiology

GRADE A

GRADE C

Level 1a  Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b  Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c  Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the

new therapy.

Level 3 Evidence from at least one high quality case—control
study.
Level 4  Evidence from at least one high quality case series.

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from

physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of B blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of B blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.

Recommendation grades appear either within the text, for example,
Grade A and Grade Ala or within a table in the chapter.

The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.




1 What is evidence-based cardiology?

PJ Devereaux, R Brian Haynes, Salim Yusuf

Introduction

In 1836 the editor of the American Journal of Medical
Sciences, Elisha Bartlett, heralded a study as “one of the
most important medical works of the present century, mark-
ing the start of a new era in science”.! What evoked such
praise and suggested a paradigm shift was Dr Pierre Louis’
systematic collection and numerical presentation of data on
bloodletting. Louis adopted a baconian approach of collect-
ing vast amounts of data on a large number of patients (by
the standards of the early 1800s), which allowed him to
systematically evaluate the efficacy of bloodletting. Louis
argued that large numbers of patients and enumeration
were necessary to equalize differences between treatment
groups, as “by so doing, the errors (which are inevitable),
being the same in two groups of patients subjected to differ-
ent treatment, mutually compensate each other, and they
may be disregarded without sensibly affecting the exactness
of the results”.? Louis subsequently went on to state: “a
therapeutic agent cannot be employed with any discrimi-
nation or probability of success in a given case, unless its
general efficacy, in analogous cases, has been previously
ascertained”, and thus, “without the aid of statistics nothing
like real medicine is possible”.

The prevailing concept of illness at the time was that the
sick were contaminated, whether by some toxin or conta-
gion, or by an excess of one humour or another. This under-
standing of illness contained within it the idea that these
states were improved by opening a vein and letting the sick-
ness run out. Louis’ finding that bloodletting hastened the
death of the ill was a bombshell. George Washington had
2-4 liters of blood drained from him in the 15 hours prior to
his death: he had been suffering from a fever, sore throat
and respiratory difficulties for 24 hours.* Some have stated
that in this way Washington was murdered.””’

Although this is a relatively recent example, the plea for
comparative evaluation was mentioned as early as the Old
Testament. Throughout history there have been repeated
exhortations to quantify medical or health problems and to
compare outcomes in patient groups managed differently, with
the goal of setting state policy or assisting individual physicians.

In this chapter we will discuss what evidence-based med-
icine is, and then discuss an approach to evidence-based

decision making. We will use a clinical case to highlight the
components of this approach, which include clinical state
and circumstances, patients’ preferences and actions,
research evidence, and clinical expertise. At the end of the
chapter we will review the application of these components
of evidence-based decision making as they apply to our
patient, and provide a decision aid that can be used in such
a case.

What is evidence-based medicine?

Although the foundations for evidence-based medicine were
laid over several centuries, an explicit philosophy, with its
attendant concepts, definitions and models, has been largely
developed as a formal doctrine over the last few decades.
Evidence-based medicine is about solving clinical problems.
Initially, the focus of evidence-based medicine was largely to
find the best objective quantifiable research evidence relevant
to the particular problem, and to apply that evidence in resolv-
ing the particular issue.® This early focus de-emphasized
“intuition, unsystematic clinical experience, and pathophysi-
ologic rationale as sufficient grounds for clinical decision
making” and stressed “the examination of evidence from cli-
nical research”.? Subsequent versions have emphasized that
research evidence alone is never sufficient to make a clinical
decision.!? Research evidence by itself rarely tells us what to
do in individual situations, but rather it provides useful infor-
mation that allows us to make more informed decisions.
Clinicians must always view evidence in the context of the
individual patient, and then weigh the potential benefits ver-
sus the risks, costs and inconveniences. Ideally the patient’s
values and preferences take precedence!? (Figure 1.1).
Figure 1.1 is based on the first edition of Evidence-based
medicine'! and was published in an editorial that appeared
in ACP Journal Club and Evidence-Based Medicine in
1996, along with the definition: “Evidence-based medicine
is the conscientious and judicious use of current best evi-
dence from clinical care research in the management of
individual patients”.'? The editorial also included the caveat
that the definition of evidence-based medicine would evolve
as new types of information emerged, and would therefore
be continuously refined. The concepts of evidence-based
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Clinical expertise

Research evidence Patient preferences

Figure 1.1 Early model of the key elements for evidence-
based clinical decisions

medicine have evolved considerably and the initial model
has recently been enhanced,? especially for what is meant
by clinical expertise and the additional consideration of clin-
ical situation and circumstances. In the next section we use
this new model of “evidence-based clinical decisions” to
help resolve a common clinical scenario.

Approach to evidence-based clinical
decision making

Clinical scenario

New model for evidence-based clinical
decisions (Figure 1.2)

Figure 1.2 depicts the evolution of the model for evidence-
based clinical decisions,® which has more recently been
redefined as “the integration of best research evidence with
clinical expertise and patient values”.!3 This model repre-
sents a desirable approach as to how all clinical decisions
should be made. However, we acknowledge that, at pres-
ent, many clinical decisions are not made in this way. For
instance, at present, clinicians’ individual preferences (as
distinct from clinical expertise) often play a large role in
their actions, leading to large “practice variations” in man-
aging similar cases. When faced with critically ill patients
with identical circumstances, different clinicians may,
according to their preferences, institute aggressive life-
prolonging interventions or withdraw life support.'* Our
model acknowledges that patients’ preferences should be
considered first and foremost, rather than clinicians’ prefer-
ences, whenever it is possible to do so.

In Figure 1.2, the “clinical state and circumstances” of
the patient replace “clinical expertise” as one of the key
elements in clinical decisions, “patient preferences” is
expanded to include patients’ actions, and this element is
reversed in position with “research evidence”, signifying its
frequent precedence. Integrating all three aspects requires
judgment and clinical expertise, thus constituting a fourth
overarching element. We will describe each of the compo-
nents, and the role of clinical expertise in integrating them.

Clinical state and circumstances

A patient’s clinical state and circumstances often play a
dominant role in clinical decisions. Clinical trials provide
us with results reflective of the average patient within
the treatment groups of the trial, but rarely is a patient in

A family physician refers a patient requesting your input on the issue of antithrombotic therapy.

The patient is an 80 year old man with a history of hypertension who 10 months ago, on rou-
tine examination, was diagnosed with atrial fibrillation. The patient suffered a major gastroin-
testinal bleed, requiring hospitalization, urgent endoscopy, and a transfusion the day after his
atrial fibrillation was discovered (the patient had not started any antithrombotic therapy prior to
his bleeding episode). He had, however, been receiving a non-steroidal anti-inflammatory drug
(NSAID) for osteoarthritis. The patient has been free of any gastrointestinal symptoms since his
bleed and has successfully avoided using an NSAID by using acetaminophen. Eight months ear-
lier the patient’s echocardiogram demonstrated normal valvular and left ventricular function
and a left atrial measurement of 6-5 cm. Based on the duration of atrial fibrillation and the size
of his left atrium, you decide that cardioversion is not an option. The patient is very worried
about having a stroke, as his wife was left dependent on him for 2 years prior to her death fol-
lowing a major stroke. The referring physician, who recently had a patient who suffered a seri-
ous gastrointestinal bleed while on warfarin, is very concerned about the risk of bleeding, given
this patient’s age and recent history of gastrointestinal bleeding.
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Clinical expertise

Research evidence Patient preferences

Clinical state
and circumstances

Clinical expertise

Patients’ preferences
and actions

Research evidence

Figure 1.2 Evolving model for evidence-based clinical decisions

clinical practice the same as the average patient from a clin-
ical trial. Individual patients have unique characteristics that
typically put them at lower or higher risk of the outcome or
treatment side effect than the average patient in the trial. As

such, optimal clinical decisions should be individualized to
the patient’s clinical state. A patient who is at very high risk
of a future vascular event, but at low risk of any complica-
tion from a drug (for example, a patient with a low density
lipoprotein value of 8-0 mmol/1 post myocardial infarction
and no contraindication to statin therapy), or conversely a
patient who is at low risk of the outcome and high risk of a
treatment’s complications (for example, a 40 year old man
with atrial fibrillation without any associated stroke risk fac-
tors who has experienced a recent major gastrointestinal
bleed), may find their clinical state dominating the clinical
decision making process.

[t is notable that the circles of clinical state and circum-
stances and research evidence overlap. Frequently research
evidence can inform us about the influence of the clinical
state and circumstances. Considering our patient, the pooled
data from five randomized controlled trials (RCTs) evaluating
the efficacy of warfarin in patients with non-valvular atrial
fibrillation (NVAF) demonstrated an average annual stroke
rate of 4-5% and a major bleeding rate of 1% in patients not
receiving antithrombotic therapy.!® The investigators who
combined the five RCTs used the control patient data to
develop a clinical prediction tool to estimate the annual risk
of stroke. Independent risk factors that predicted stroke in
control patients were increasing age, a history of hyperten-
sion, diabetes, and prior stroke or transient ischemic attack
(TIA).™® Our patient’s annual risk of stroke is predicted to be
about 8%, which is higher than that of the average control
patient in the five RCTs, whose annual stroke rate was
4-5%."5 Similarly, a clinical prediction tool has been devel-
oped for predicting the risk of major bleeding (defined as the
loss of two units of blood within 7 days, or life-threatening
bleeding) while taking warfarin therapy.'® Independent risk
factors that predict major bleeding in patients taking warfarin
include age >65, history of stroke, history of gastrointestinal
bleeding, recent myocardial infarction, anemia, renal failure
and diabetes. (Note that many of the factors that predict a
higher risk of stroke also increase the risk of bleeding.) Our
patient’s annual risk of major bleeding of 8% also differs from
that of the average patient receiving warfarin in the five
RCTs, whose annual risk of major bleeding was 1-3%. We are
unaware of any clinical prediction tool for predicting major
bleeding while taking aspirin, and the atrial fibrillation trials
had inadequate power to estimate this. However, based on
the results of the meta-analysis by the antithrombotic trial-
ists’ collaboration, we would expect aspirin to increase the
risk of major bleeding from 1% to about 1-3% on average.!”

The clinical circumstances in which you and your patient
find yourselves (for example, your ability to administer and
monitor a treatment) may be very different from those of an
RCT. For example, the patient may not be able to obtain fre-
quent tests of the intensity of anticoagulation. However, for
a patient with the same clinical characteristics, we can fre-
quently optimize clinical circumstances to decrease the risk
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of an outcome or treatment side effect. For example, we can
decrease the risk of bleeding due to warfarin therapy by
more intensive monitoring. Thus, an “evidence-based” deci-
sion about anticoagulation for a patient with atrial fibrilla-
tion is not only determined by the demonstrated efficacy of
anticoagulation and its potential adverse effects,'® but will
vary based on the patient’s clinical state and according to
individual clinical circumstances.

Patients’ preferences and actions

Patients may have no views or, alternatively, unshakable
views, on their treatment options, depending on their con-
dition, personal values and experiences, degree of aversion
to risk, healthcare insurance and resources, family, willing-
ness to take medicines, accurate or misleading information
at hand, and so on.? Accordingly, individuals with very sim-
ilar clinical states and circumstances may choose very differ-
ent courses of action, despite being presented with the same
information about the benefits and risks of an intervention.
For our patient with NVAF, research evidence informs us
about the differing preferences of patients and their physi-
cians for antithrombotic therapy in atrial fibrillation when
they weigh the competing risks of stroke and bleeding.!? In
this study, ' participants (that is both physicians and patients)
reviewed flip charts describing in detail the acute and long-
term consequences of a major and minor stroke and a major
bleeding event. Participants were instructed that the likeli-
hood of a minor or major stroke was equal. The participants
then underwent a probability trade-off technique which
determined the minimum number of strokes that needed to
be prevented before the participant felt antithrombotic ther-
apy was justified (this value was determined for both war-
farin and aspirin), given the associated increased risk of
bleeding, costs and inconveniences. The same technique
was also used to determine the maximum number of excess
bleeds the participant would consider to be acceptable with
antithrombotic therapy (determined both for warfarin and
aspirin), given the benefits in terms of stroke reduction with
this therapy. This study demonstrates significant variability
between physicians and patients in their weighing of the
potential outcomes associated with atrial fibrillation and its
treatment. Patients required less stroke reduction and were
more tolerant of the risk of bleeding than physicians. For
example, on average, patients were willing to accept the risk
of 17 extra major bleeding events in 100 patients over a
2 year period if warfarin prevented eight strokes among
these 100 patients. Physicians, howevet, were only willing to
accept 10 major bleeding events for the same level of benefit.
Furthermore, physicians varied significantly in how much
bleeding risk they thought was acceptable for a given stroke
reduction associated with an antithrombotic agent. Hence
different physicians would make very different recommenda-
tions to the same patient with identical risks of bleeding and

stroke. This underscores the importance of having patient
values and preferences drive clinical decision making. It is
the patient who is at risk of the outcome and so, when will-
ing and able, they should be the one to weigh the potential
benefits versus the risks, costs and inconveniences.

There is debate regarding the optimal way to elicit and
incorporate patient preferences into clinical decision mak-
ing. One method is to discuss the potential benefits and
risks with a patient and then qualitatively incorporate your
impression of the patient’s preferences into the clinical deci-
sion. Alternatively, at least two quantitative approaches
exist: decision analytic modeling and probability trade-off
technique. In a decision analytic model, a standard gamble,
time trade-off or visual analog scale technique is used to
determine the utility (patient value/preference) of the vari-
ous outcomes. This information is then fed into a decision
tree that includes the probabilities of the outcomes for all
clinical decisions being considered. Using the decision tree,
calculations are undertaken to determine what course of
action optimally fits the patient’s preferences. The probabil-
ity trade-off technique presents patients with the probabili-
ties for the various interventions being considered and then
asks them to make a decision based on this information.
This allows a direct and quantitative incorporation of the
patient’s preferences.

Proponents of decision analytic modeling question
whether patients can understand probabilities to allow the
appropriate incorporation of their preferences. Proponents
of probability trade-off techniques wonder if a measure of
utility (that is preference) in the absence of probabilities is
meaningful. Only one study has directly compared decision
analytic modeling with a probability trade-off technique.?’
This study focused on the primary prevention of stroke and
myocardial infarction with aspirin therapy in elderly
patients. Both methods (that is decision analysis and proba-
bility trade-off) were performed on all patients at separate
times. This study demonstrated that treatment recommen-
dations varied significantly, depending on which method
was used. After patients were presented with their indi-
vidual treatment thresholds as determined by both methods,
over twice as many stated they would base their prefer-
ences on the results of the probability trade-off as opposed
to the decision analysis.?® Further research is needed to
determine which of the models better represents patients’
self-interests.

Regardless of what their preferences may be, patients’
actions may differ from both their preferences and their cli-
nicians’ advice.?! For example, a patient may prefer to lose
weight, quit smoking and take their medications as pre-
scribed, but their actions may fall short of achieving any of
these objectives. Alternatively, they may follow the treat-
ment as prescribed, even if they resent its imposition,
adverse effects and costs. Unfortunately, clinicians’ esti-
mates of their patients’ adherence to prescribed treatments
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have no better than chance accuracy.?? Thus, physicians’
decisions for care will better meet the model’s specifications
if they are able to assess whether their patients will follow,
or are following, their prescriptions.??

We recognize that at present patients’ preferences are
rarely formally incorporated in clinical practice. This may be
related to lack of physician training in these approaches, a
reluctance to tread unfamiliar ground, and also in many cir-
cumstances the lack of accurate quantitative information on
risk and benefits, as well as clinical risk prediction tools.
However, this is likely to change rapidly as clinical models
can be derived from large databases and handheld computers
can be utilized to quantify risks and benefits at the bedside.

Research evidence

We support a very broad definition of research evidence,
namely, “any empirical observation about the apparent rela-
tion between events”.?> In keeping with this definition,
research evidence includes everything from the unsystem-
atic observation of a single physician to a systematic review
of large RCTs. Not all evidence is created equal, and hence
there is a hierarchy of evidence that varies depending on
whether one is addressing a diagnostic, prognostic or thera-
peutic decision. We will focus on the hierarchy of evidence
for therapeutic decisions (Box 1.1).23

Box 1.1 Hierarchy of evidence for treatment decisions*
Coherence of evidence from multiple sources
Systematic review of several well designed, large randomized
controlled trials
Single large randomized controlled trial
Systematic review of several well designed small randomized
controlled trials
Single small randomized controlled trial
Systematic review of several well designed observational
studies
Single observational study
Physiologic studies
Unsystematic observation from a physician

* This hierarchy cannot be rigidly adhered to. At times a sin-
gle observation may be very powerful (for example, defibrilla-
tion for ventricular fibrillation), or observational studies may
provide unequivocal evidence (for example, smoking cessation
and lung cancer). However, in most cases where treatment
effects may be moderate, outcomes variable or the clinical
course unpredictable, the proposed hierarchy is useful.

All evidence has value, and the best evidence available in
the hierarchy should be given appropriate consideration,
even if not at the top of the hierarchy. Therefore, the unsys-
tematic observations of colleagues should not be dismissed
when no higher level evidence exists. Indeed, unsystematic
observations can lead to many important insights, and expe-
rienced clinicians usually develop a respect for the insights

of their astute colleagues. However, it is equally important
to recognize that unsystematic observations are commonly
limited by the small number of observations, variability in
outcomes, lack of objectivity, and the difficulties in integrat-
ing (for example, taking into account the natural history of a
disorder, placebo effect, and a patient’s desire to please) and
drawing inferences from observations.?*

All evidence has limitations. Although the majority of
advances in medicine are initially uncovered through indi-
vidual observations, physiologic studies, observational stud-
ies or randomized controlled trials evaluating surrogate
endpoints, there have also been several extremely mislead-
ing findings that have, at times, resulted in harm. It is impor-
tant to remember that contradictory results across studies
on the hierarchy of evidence table are not isolated to one or
two instances (Table 1.1).

Perhaps the most powerful example is the story of anti-
arrhythmic therapy. Despite encouraging evidence that
encainide and flecainide could prevent premature ventricular
beats, a large RCT demonstrated a higher mortality rate with
these drugs than with placebo, such that these drugs resulted
in an extra death for every 20 patients treated with encainide
or Flecainide.?” It is estimated that more Americans were
killed by these drugs than died in the Vietnam War.*°

[deally, we would have evidence from all levels of the
hierarchy and the evidence would be coherent across all
levels. This would represent the most persuasive evidence.
However, this rarely happens, as even RCTs may by chance
frequently demonstrate contradictory findings, especially
when they are small. Therefore, physicians should always
aim for the highest level of evidence for clinical decision
making. Clinicians can still make strong inferences, particu-
larly when there is evidence from a systematic review of
several well designed large RCTs, or simply a large single
pragmatic RCT. The RCT is such a powerful tool because
randomization is our only means to reduce bias in treatment
comparisons by controlling for unknown prognostic
factors.*! Therefore, RCTs have the potential to provide the
most valid (that is likelihood that the trial results are unbi-
ased) estimates of treatment effect.*? Furthermore, large
RCTs with broad eligibility criteria enhance the generaliz-
ability of their findings.

An n of 1 randomized controlled trial is an RCT where
individual patients are randomized to pairs of treatment
periods, such that they receive the experimental treatment
during one period and a placebo during the other.*> Both
patients and healthcare providers are blind to which period
is the experimental and which the placebo. Patients con-
tinue undergoing pairs of treatment periods until they and
the healthcare providers become convinced that the experi-
mental intervention either does or does not work.*> The
advantage of an n of 1 RCT is that it provides evidence
directly from the patient. However, this method is applica-
ble only in a disease state that has limited fluctuation, and
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Table 1.1

Some examples of contradictory results across studies at various positions in the hierarchy of evidence

Results from lower level evidence

Results from higher level evidence

Milrinone demonstrated improvement in left ventricular
function during exercise?®

An observational study of extracranial to intracranial bypass
surgery suggested a “dramatic improvement in the
symptomatology of virtually all patients” undergoing the
procedure?®

A meta-analysis of 16 cohort studies and 3 cross-sectional
angiographic studies (including studies of women

with known coronary artery disease) demonstrated

a relative risk of 0:5 (95% CI 0:44-0:57) for coronary artery
disease among women taking estrogen®C

A secondary analysis of an RCT suggested that lower doses
of ASA were associated with a higher risk of perioperative
stroke and death in patients undergoing carotid
endarterectomy33

A physiologic study demonstrated that B blockers result

in a decline in ejection fraction and increases in end-diastolic
volume in patients with prior myocardial infarction®*

A large RCT?® and meta-analysis of several RCTs?’
demonstrated a 28% relative increase in mortality with
milrinone compared to placebo

A large RCT demonstrated a 14% relative increase in the
risk of fatal and non-fatal stroke in patients undergoing this
procedure compared to medical management?®

A moderate-sized secondary prevention RCT did not
demonstrate any reduction in coronary heart disease
events but did demonstrate an increase in thromboembolic
events in patients receiving estrogen.®!

Preliminary reports from an ongoing very large RCT
(Women's Health Initiative) indicate an increased risk of
MI and strokes in the first 2 years of estrogen therapy®?

A large prospective RCT showed a higher risk of
perioperative stroke, myocardial infarction or death
with high-dose ASA33

A meta-analysis of 18 RCTs®® and 3 large trials (CIBIS—2,%¢
MERIT-HF37 and COPERNICUS®8) in patients with heart
failure found a 32% relative risk reduction in death

in patients receiving B blockers

for treatments that can be crossed over (for example, short-
acting medical treatments rather than surgery) and which are
targeted at symptom relief and quality of life, as opposed to
serious outcomes such as myocardial infarction and death.
Even then, n of 1 RCTs are not feasible for many patients
because of lack of infrastructure to support them, such as a
pharmacy that is able and willing to provide matching place-
bos. Also, short-term symptomatic effects of treatments
may differ from their long-term effects, so that n of 1 trials
may provide misleading answers. Similarly, if side effects
occur only after prolonged treatment (for example, during to
drug accumulation, as with amiodarone), then short-term
crossover studies (which is what n of 1 trials are) may not
identify the full risks associated with a treatment. As such,
there has been limited implementation of n of 1 RCTs in car-
diology, but they represent a unique opportunity (when possi-
ble and applicable) to obtain individual patient level evidence.

Considering our case of the patient with NVAF, the high-
est level of evidence comes from a systematic review of all
the RCTs that have evaluated antithrombotic therapy in
patients with atrial fibrillation.!® This study demonstrates
that warfarin reduces the relative of stroke (ischemic and
hemorrhagic) by 62%, and aspirin by 22%.

Considering the risk of bleeding associated with warfarin
therapy, there is an RCT that demonstrates a 50% decrease
in the risk of bleeding if a patient is willing to undergo edu-
cation, training and self-monitoring of prothrombin time.**

Clinical expertise

Evidence-based decision making requires clinical expertise to
establish and balance the patient’s clinical state and circum-
stances, preferences and actions, and the best research evi-
dence. Before a therapeutic decision can be considered,
clinical expertise is required to get the diagnosis and progno-
sis right. As shown above, clinical prediction tools can be
extremely helpful in determining a patient’s prognosis, but
they are unlikely to eliminate the need for sound clinical judg-
ment acquired through clinical experience. Sizing up the
clinical circumstances has never been more challenging, as
commonly there exist several potential interventions, some
of which require technical expertise for their effective and
safe delivery. Getting the evidence right requires the skill
to identify, evaluate and apply the evidence appropriately.
Communicating with patients has always been considered
important. This takes on greater importance as there is a
growing desire on the part of patients to be involved in deci-
sions relating to their health. Expertise is required to provide
patients with the information they need, to elicit their prefer-
ences, and to incorporate those preferences into the decision.

Currently there is no consensus on how this information
should be presented to patients and how their preferences
should be incorporated. However, we know that informa-
tion should not be presented in relative terms (for example,
warfarin will decrease your risk of stroke by 62%) because
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patients assume their baseline risk is 100% even when they
are instructed it is not.*> A recent systematic review of RCTs
that compared decision aids (that is interventions designed to
help people make specific choices among options by provid-
ing information on those options and outcomes relevant to
the patient’s health) to traditional ways of involving/informing
patients in decision making*® demonstrated that decision
aids, as opposed to usual care, improved the average knowl-
edge scores of patients for the options and outcomes by 20%
(95% CI 13-25), reduced decisional conflict scores (that is
patients felt more certain, informed, and clear about values in
their decision), and increased patient participation in decision
making.*® Where available, decision aids provide a potential
means to facilitate information presentation, incorporation of
preferences, and participation in the decision-making process.

The varying roles of the components of
evidence-based clinical decisions

Depending on the circumstances, any of the circles in the new
model could predominate. Varying the size of the circles to
reflect their actual contribution to the clinical decision could
portray this visually. Sometimes the clinical state or circum-
stance dominates the clinical decision. For example, a patient
who is at very high risk of an outcome and low risk of a com-
plication may have their clinical state dominate the decision-
making process. A patient living in a remote area may not
have access to anticoagulation monitoring, and this would
probably dominate the decision-making process. Patient’s pref-
erences can be so strong that they act as the driving factor in
the decision-making process. For example, some patients will
not take blood products regardless of the clinical situation.
Research evidence can be the main factor in decision making
when the benefit of an intervention is moderate to large in size
and the risk of treatment small, as with 3 blocker therapy in
patients post myocardial infarction, ACE inhibitors in coronary

artery disease or heart failure, or cholesterol lowering with
statins. Finally, clinical expertise can predominate, especially
when it is related to technical capabilities.

Application to our patient

For our patient the evidence would suggest an 8% annual
risk of stroke and 1% risk of major bleeding without any
antithrombotic therapy. With warfarin therapy we would
expect the annual risk of stroke to decrease to 3% and the
risk of major bleeding to increase to 8%. This latter could be
reduced to 4% if the patient were willing to undergo self-
monitoring of their prothrombin time and an education pro-
gram, as discussed above.* With aspirin therapy we would
expect the annual risk of stroke to decrease to 6% and the
risk of major bleeding to increase to 1-3%.

As discussed above, there is no consensus on how to pres-
ent this information to our patient or how to incorporate his
preferences. We have provided a decision aid for patients
that describes atrial fibrillation (Table 1.2), a major and
minor stroke (Table 1.3), a severe bleed (Table 1.4), and a
probability trade-off for no treatment, aspirin and warfarin
therapies (Figure 1.3). The descriptions of major and minor
stroke and a severe bleed are slight modifications of the
descriptions developed and tested by Man-Son-Hing and col-
leagues.*” We have also individualized the probability trade-
off for our patient, with the knowledge that he would
undergo self-monitoring of his prothrombin time if he
decided to take warfarin therapy (Figure 1.4).

Once this evidence-based clinical decision is reached our
job is not over. The patient will need monitoring to ensure
he is able to follow through on his clinical decision. One
advantage of the decision aid provided (including his indi-
vidualized probability trade-off) is that the patient can take
the information home and does not have to rely on his
memory to recall the facts discussed during your meeting.

Table 1.2 Atrial fibrillation: the most common disorder of the heartbeat

Risk Chances of developing atrial fibrillation increase with age and it occurs in approximately 10% of all people
above the age of 75
Physical Irregular and usually rapid beating of the heart, sensed as a fluttering in the chest. Some patients feel

symptoms

Complications  Stroke

no symptoms and are unaware that they have atrial fibrillation

. Atrial fibrillation increases the risk of a clot developing in the heart. This clot can be swept up towards the

brain, causing a stroke

. The chance of developing a stroke with atrial fibrillation increases with either age greater than 65 years,
high blood pressure, diabetes, heart failure, or a history of strokes or “mini-strokes”
. The risk of developing a stroke with atrial fibrillation varies, depending on how many of these risk factors

you have
Treatment .

There are medications that thin the blood, which help to prevent clots and therefore stroke

. Because the blood is thinned there is an increased risk of bleeding
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Table 1.3 © Strokes ® can be minor or major in severity. If you have a stroke as a result of atrial fibrillation, your

chance of having a minor or major stroke are equal

Minor stroke

Major stroke

Physical symptoms  You suddenly cannot move or feel one arm

and one leg

Mental symptoms You are unable to fully understand what is
being said to you
You have difficulty expressing yourself

Pain You feel no physical pain

Recovery You are admitted to hospital

Your weakness, numbness and problem with
understanding improve, but you still feel
slightly weak or numb in one arm and one leg

You are able to do almost all of the activities
you did before the stroke

You can function independently

You leave the hospital after 1 week

Further risk You have an increased risk of having more

strokes

You suddenly are unable to move one arm and one leg
You cannot swallow

You are unable to understand what is being said
You are unable to speak

You feel no physical pain

You are admitted to hospital

You cannot dress

The nurses feed you

You cannot walk

After 1 month of physiotherapy you are able to wiggle
your toes and lift your arm off the bed

You remain this way for the rest of your life
Another illness will probably cause your death

Table 1.4

Severe @ bleeding while taking warfarin or ASA: an example of a stomach bleed

Physical

Treatment You are admitted to hospital

You stop taking warfarin or ASA

You feel unwell for 2 days, then suddenly you vomit blood

A doctor puts a tube down your throat to see where you are bleeding from
You receive sedation to ease the discomfort of the test

You do not need an operation

You receive blood transfusions to replace the blood you lost

Recovery You stay in hospital for 1 week

You feel well at the end of your hospital stay
You need to take pills for the next 6 months to prevent further bleeding

After that you are back to normal

Bleeding from the stomach is the most common type of serious bleeding while taking warfarin or
ASA; however, rarely other serious forms of bleeding can occur, such as bleeding within the head

after a fall.

Warfarin or ASA can also cause minor bleeding, including bruising and nose bleeds.
Taking warfarin can mean costs and inconvenience to yourself and family. For example: need for

blood tests; parking/transportation; cost of warfarin.
Taking ASA can mean costs to yourself.
For example: cost of ASA.

Limitations of evidence-based clinical
decision model

organization may pre-empt these decisions. For example,

This model does not consider the important roles that soci-
ety, governments or healthcare organizations can play in
decision making. We deliberately restricted ourselves to
decisions made by patients and their healthcare providers to
allow a focused exploration of the issues involved in their
immediate decision making process. However, a healthcare

not funding primary percutaneous transluminal coronary
angioplasty in acute myocardial infarction can have an enor-
mous impact on health outcomes, and will impose a clinical
decision on all patients and physicians by eliminating this
option. Physicians will have to factor in such issues when
considering their patient’s clinical circumstances.
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Conclusions

The foundations for evidence-based medicine have been
established over the centuries but the specific philosophies,
concepts, definitions and models have essentially evolved
over the past few decades. Evidence-based medicine is
about solving clinical problems. Evidence-based decision
making depends upon utilizing clinical expertise to integrate
information about a patient’s clinical setting and circum-
stances with the best research evidence while incorporating
the patient’s preferences and actions.

References

1.Louis PCA. Researches on the effects of blood-letting in some
inflammatory diseases, and on the influence of tartarised
antimony and vesication in pneumonitis. Am J Med Sci
1836;18:102-11.
2.Louis PCA. Researches on the Effects of Bloodletting in Some
Inflammatory Diseases and on the Influence of Tartarised
Antimony and Vesication in Pneumonitis. Translated by CG
Putnam. Boston: Hilliard, Gray, 1836.
3.Louis PCA. Medical statistics. Am J Med Sci 1837;21:525-8.
4.Morens DM. Death of a president. N Engl ] Med
1999;341:1845-9.
5.Lloyd JU. Who killed George Washington? Eclectic Med ]
1923;83:353-6, 403-8, 453-6.
6.Marx R. A medical profile of George Washington. Am Heritage
1955;6:43-7, 106-7.
7.Pirrucello E How the doctors killed George Washington.
Chicago Tribune Magazine 20 February 1977.
8.Haynes RB, Devereaux PJ, Guyatt GH. Clinical expertise in the
era of evidence-based medicine and patient choice. ACP
Journal Club2002;136:A11-A13.
9.Evidence-based medicine working group. Evidence-based med-
icine, a new approach to teaching the practice of medicine.
JAMA 1992;268:2420-5.
10.Haynes RB, Sackett DL, Gray JMA, Cook DC, Guyatt GH.
Transferring evidence from research into practice: 1. The role of
clinical care research evidence in clinical decisions. ACP
Journal Club 1996;125:A-14. Evidence-Based Medicine
1996;1:196.
11.Sackett DL, Richardson SR, Rosenberg W, Haynes RB.
Evidence-Based Medicine: how to practice and teach EBM.
London: Churchill Livingstone, 1997.
12.Sackett DL, Rosenberg WMC, Gray JA, Haynes RB,
Richardson WS. Evidence-Based Medicine: What it is and what
itisn’t. BMJ1996;312:71-2.
13.Sackett DL, Straus S, Richardson SR, Rosenberg W, Haynes RB.
Evidence-Based Medicine: how to practice and teach EBM,
2nd edn. London: Churchill Livingstone, 2000.
14.Cook DJ, Guyatt GH, Jaeschke R. Determinants in Canadian
health care workers of the decision to withdraw life support
from the critically ill. JAMA 1995;273:703-8.
15.Atrial Fibrillation Investigators. Risk factors for stroke and effi-
cacy of antithrombotic therapy in atrial fibrillation. Arch Intern
Med 1994;154:1449-57.

16.Beyth RJ, Quinn LM, Landefeld S. Prospective evaluation of an
index for predicting the risk of major bleeding in outpatients
treated with warfarin. Am J/ Med 1998;105:91-9.

17.Antithrombotic Trialists” Collaboration. Collaborative meta-
analysis of randomised trials of antiplatelet therapy for preven-
tion of death, myocardial infarction, and stroke in high risk
patients. BM/2002;324:71-86.

18.Hart RG, Benavente O, McBride R, Pearce LA. Antithrombotic
therapy to prevent stroke in patients with atrial fibrillation:
a meta-analysis. Ann Intern Med 1999;131: 492-501.

19.Devereaux PJ, Anderson DR, Gardner M] et al Differences
between perspectives of physicians and patients on anticoagula-
tion in patients with atrial fibrillation: observational study. BM/
2001;323:1218-22.

20.Man-Son-Hing M, Laupacis A, O’Connor AM, Coyle D,
Berquist R, McAlister F Patient preference-based treatment
thresholds and recommendations: a comparison of decision-
analytic modeling with the probability-tradeoff technique. Med
Decis Making 2000;20:394-403.

21.Haynes RB. Improving patient adherence: State of the art, with
a special focus on medication taking for cardiovascular disor-
ders. In: Burke LE, Okene IS, eds. Patient Compliance in
Healthcare and Research. American Heart Association
Monograph Series. Armonk, NY: Futura Publishing Co, 2001.

22.Stephenson BJ, Rowe BH, Macharia WM, Leon G, Haynes RB.
[s this patient taking their medication? JAMA 1993;
269:2779-81.

23.Guyatt G, Haynes B, Jaeschke R ef al Introduction: the philoso-
phy of evidence-based medicine. In: Guyatt G, Rennie DR, eds.
Users’ guides to the medical literature. AMA Press, 2002.

24 Nisbett R, Ross L. Human Inference. Englewood Cliffs, NJ:
Prentice-Hall, 1980.

25.Timmis AD, Smyth P, Jewith DE. Milrinone in heart failure:
effects on exercise haemodynamics during short term treat-
ment. Br Heart ] 1985;54:42-7.

26.Packer M, Carver JR, Rodeheffer R] et al. Effect of oral milri-
none on mortality in severe chronic heart failure. The
PROMISE Study Research Group. N Engl ] Med 1991,
325:1468-75.

27 Yusuf S, Teo KK. Inotropic agents increase mortality in patients
with congestive heart failure. American Heart Association 63rd
Scientific Sessions. Dallas (Texas), 12—-15 November 1990.
Circulation 1990;82(SIII):673.

28.Popp AJ, Chater N. Extracranial to intracranial vascular anasto-
mosis for occlusive cerebrovascular disease: experience in 110
patients. Surgery 1977;82:648-54.

29 Failure of extracranial-intracranial arterial bypass to reduce
the risk of ischemic stroke: results of an international random-
ized trial. The EC/IC Bypass Study Group. N Engl ] Med
1985;313:1191-200.

30.Stampfer MJ, Colditz GA. Estrogen replacement therapy and
coronary heart disease: a quantitative assessment of the epi-
demiologic evidence. Prev Med 1991;20:47-63.

31.Hulley S, Grady D, Bush T et al. Randomized trial of estrogen
plus progestin for secondary prevention of coronary artery dis-
ease in postmenopausal women. Heart and Estrogen/progestin
Replacement Study (HERS) Research  Group. JAMA
1998;280:605-13.

32.http://www.nhlbi.nih.gov/whi/hrt.htm

12



What is evidence-based cardiology?

33.Taylor DW, Barnett HJ, Haynes RB et al Low-dose and high-
dose acetylsalicylic acid for patients undergoing carotid
endarterectomy: a randomised controlled trial. ASA and
Carotid Endarterectomy (ACE) Trial Collaborators. Lancet
1999;353:2179-84.

34.Coltart ], Alderman EL, Robison SC, Harrison DC. Effect of pro-
pranolol on left ventricular function, segmental wall motion,
and diastolic pressure-volume relation in man. Br Heart |
1975;37:357-64.

35.Lechat P, Packer M, Chalon S, Cucherat M, Arab T, Boissel JP.
Clinical effects of beta-adrenergic blockade in chronic heart fail-
ure: a meta-analysis of double-blind, placebo-controlled, ran-
domized trials. Circulation 1998;98:1184-91.

36.CIBIS-II  Investigators and Committees. The Cardiac
Insufficiency Bisoprolol Study II (CIBIS-II): a randomised trial.
Lancet 1999;353:9-13.

37.The MERIT-HF Study Group. Effect of metoprolol CR/XL in
chronic heart failure: Metoprolol CR/XL Randomised
Intervention Trial in Congestive Heart Failure (MERIT-HF).
Lancet 1999;353:2001-7.

38.Packer M, Coats AJ, Fowler MB et al Effect of carvedilol on
survival in severe chronic heart failure. N Engl | Med
2001;344:1651-8.

39.Echt DS, Liebson PR, Mitchell LB. Mortality and morbidity in
patients receiving encainide, flecainide, or placebo: The

Cardiac Arrhythmia Suppression Trial. N Engl J Med 1991,
324:781-8.

40.Moore T]. Excess mortality estimates. Deadly medicine: why
tens of thousands of heart patients died in America’s worst
drug disaster. New York: Simon & Schuster, 1995.

41.Kunz R, Oxman AD. The unpredictability paradox: review of
empirical comparisons of randomised and non-randomised clin-
ical trials. BM/1998;317:1185-90.

42.Chalmers 1. Unbiased, relevant, and reliable assessments in
health care. BM/1998;317:1167-8.

43.Guyatt GH, Sackett DL, Taylor DW et al. Determining optimal
therapy: randomized trials in individual patients. N Engl ] Med
1986;314:889-92.

44 Beyth RJ, Quinn L, Landefeld CS. A multicomponent interven-
tion to prevent major bleeding complications in older patients
receiving warfarin. Ann Intern Med 2000; 133:687-95.

45.Malenka DJ, Baron JA, Johansen S, Wahrenberger JW, Ross JM.
The framing effect of relative and absolute risk. / Gen Intern
Med 1993;8:543-8.

46.0’Connor AM, Rostom A, Fiset V et al Decision aids for
patients facing health treatment or screening decisions: a sys-
tematic review. BM/1999;319:731-4.

47 Man-Son-Hing M, Laupacis A, O’Connor A et al. Warfarin for
atrial fibrillation: The patient’s perspective. Arch Intern Med
1996;156:1841-8.

13



A critical appraisal of the cardiovascular
history and physical examination

Akbar Panju, Brenda Hemmelgarn, Jim Nishikawa, Deborah Cook,

Allan Kitching

There have been numerous technological advances made in
the diagnosis and treatment of cardiovascular disease. In spite
of this, a carefully conducted clinical examination remains the
cornerstone in the initial assessment of the patient with
known or suspected cardiovascular disease. Before conduct-
ing further laboratory or radiologic diagnostic tests, clinicians
implicitly consider each piece of historical information and
each finding from the physical examination as a diagnostic
test that increases or decreases the probability of the possible
diagnoses. The competency and accuracy of the clinical
examination is therefore crucial, for it serves as the basis for
our judgment regarding not only diagnosis, but prognosis and
therapy as well.

This chapter is not intended to provide details of how to
perform a cardiovascular history and physical examination,
and should be read in conjunction with standard textbooks
on cardiology to obtain such information. Instead, we will
provide the reader with the tools to identify those features
of the history and physical examination reported in the liter-
ature which are the most reliable and valid in assessing a
patient with cardiovascular disease. We will focus on strate-
gies to locate literature on the clinical examination, as well
as guidelines to assess the quality of those studies. These
techniques will then be applied to three common features of
the cardiovascular history, namely chest pain, dyspnea and
syncope, as well as common features of the physical exami-
nation, including assessment of the apical impulse, the third
heart sound, central venous pressure, systolic murmurs,
blood pressure and arterial pulse. We would also encourage
the reader to access The Rational Clinical Examination
series published in the Journal of the American Medical
Association for further reviews on various aspects of the
cardiovascular physical examination.'™ The following top-
ics will be covered in this chapter:

o Strategies used to locate literature on clinical
examination

e How to critically appraise this literature

e Application of the above in the cardiovascular history
(chest pain, dyspnea, syncope)

e Application of the above in the cardiovascular physical
examination (apical impulse, central venous pressure,
systolic murmurs, blood pressure, arterial pulse).

Strategies used to locate literature on
clinical examination

There are no validated strategies for locating precise and accu-
rate information on obtaining a cardiovascular history and
conducting a physical examination. A proposed strategy for
searching the MEDLINE database is summarized in Box 2.1.
This is the method suggested for authors of the Rational
Clinical Examination series appearing in the Journal of the
American Medical Association.'® The first terms capture the
clinical topic of interest by specifying the disease or presenta-
tion or function/dysfunction being sought. The second
group of terms seeks clinical skills articles. The third group of
terms is intended to find articles of high methodologic qual-
ity. An efficient strategy to locate high-quality articles would
be to combine the first two groups of terms with “diagnosis
(pre-exploded)” to maximize sensitivity, or with “sensitivity
(textword)” to maximize specificity. This is an extension of
the method suggested by the ACP Journal Club for finding
high-quality articles on diagnostic tests in general.!!

Box 2.1 Search strategy for clinical skills articles using
MEDLINE

Group 1 terms

Term(s) for clinical entity of interest (for example, syncope,
myocardial infarction) combined with (AND)*

Group 2 terms

e  Physical examination (exploded; in title, abstract or subject

heading)

e Medical history-taking (exploded)

e Professional competence (exploded)

o Diagnostic tests, routine

e Combined with (OR)*

Group 3 terms

e Sensitivity and specificity (textword; exploded)

e Reproducibility of results

e  Observer variation

e Decision support techniques

o Bayes' theorem

“AND and OR represent Boolean terms (symbolic represen-
tation of relationships between sets) for combining items.

Any comprehensive search for relevant articles should
include a review of reference lists from the articles found and
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review articles on the topic, as well as textbooks on clinical
examination, and advice from clinicians interested in clinical
examination.

How to critically appraise the literature on
clinical examination studies

Having located articles on the cardiovascular clinical exami-
nation, one must carefully review each study to establish its
validity, or accuracy, prior to deciding whether the results
obtained will aid in establishing or ruling out a particular
diagnosis. We propose a strategy for evaluating the literature
on clinical examination based on a framework developed
for the Users’ Guides to the Medical Literature series.'?
In assessing the validity of the study, and interpreting the
results, the following points should be considered.

e  Are the results of the clinical examination study valid?

1. Was there an independent blind comparison with a
reference (gold) standard of diagnosis?

2. Was the clinical feature evaluated in an appropriate
spectrum of patients (like those in whom it would
be used in clinical practice)?

3. Was the reference standard applied regardless of
the result of the clinical feature?

4. Were the methods of performing the clinical features
described in sufficient detail to permit replication?

5. Was there a description of the experience of the
individuals doing the examination?

e What were the results?

1. Are likelihood ratios for the results presented, or
data necessary for their calculation provided?

2. Has there been consideration given to reproducibil-
ity, precision, and disagreement?

The application of the initial five guides will help the reader
determine whether the results of the study are likely to be
valid. If the results are deemed to be valid, the reader can then
go on to interpret the results presented, of which the likeli-
hood ratio (LR) is the most important index in determining
how good a particular diagnostic test is. The likelihood ratio is
the probability that the results of a test would be expected in a
patient with, as opposed to one without, the target disorder.

The application of these techniques for critically apprais-
ing the cardiovascular history and physical examination will
now be described.

Clinical features in the cardiovascular history

Chest pain

There are many causes of chest pain, including both cardiac
and non-cardiac conditions, as outlined in Figure 2.1.

Chest pain
|
|
Cardiac Non-cardiac

Ischemic Non-ischemic Gastro- Non-gastro-
esophageal esophageal

Angina Unstable Ml Pericarditis| Valvular Gastro- Esophageal Peptic

angina esophageal spasm ulcer

reflux disease
disease

[ [
Aortic  Pneumothorax Pulmonary Musculo- Somatoform
dissection embolism skeletal disorder: panic
attack
Figure 2.1 Cardiac and non-cardiac conditions presenting

with chest pain

Elucidating the cause of the pain is important for both man-
agement purposes and prognosis. To ensure that the appro-
priate intervention is undertaken in the clinical setting, it is
useful to classify patients presenting with chest pain into
three categories:

1. Patients with myocardial infarction
2. Patients with myocardial ischemia but no infarction
3. Patients with non-cardiac chest pain.

The characteristics of the chest pain may help differentiate
patients into the appropriate category. To identify features of
the pain that might aid in classifying patients into category 1,
myocardial infarction, we undertook a review of the litera-
ture using a search strategy similar to that outlined in the first
section above. Relevant articles identified from this search
were critically appraised using criteria outlined in the previ-
ous section. For the sake of relevance and clarity we have
chosen to present only the results of those features in which
a likelihood ratio of at least 2-0 or greater, or 0-5 or less, was
obtained. The five studies that meet this criterion provide the
best available evidence for identifying features of chest pain
which aid in the diagnosis of myocardial infarction.

As outlined in Table 2.1, the features of the pain that
increased the probability of a myocardial infarction included
radiation, pain in the chest or left arm, and chest pain
described as the most important symptom. Chest pain radia-
tion was the clinical feature which increased the probability
of a myocardial infarction the most, with a widespread distri-
bution of pain being associated with the highest likelihood
ratios. In particular, chest pain radiating to the left arm was
twice as likely to occur in patients with rather than without
an acute myocardial infarction, whereas radiation to the right
shoulder was three times, and radiation to both the left and
right arm seven times, as likely to occur in such patients. The
quality of the pain, including pain described as squeezing or
pressure, added little to establishing a diagnosis of myocar-
dial infarction, with likelihood ratios of less than 2.
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Table 2.1 Features of chest pain that increase the
probability of a myocardial infarction

Clinical feature References LR (95% CI)

Chest pain radiation:
(R) shoulder
(L) arm

Tierney etal'*  2:9 (1:4-6:0)
Berger etal'® 23 (1:7-31)
both (L) and (R) arm Berger etal'® 71 (36-14:2)
Pain in chest or (L) arm Pozen etal'® 27
Chest pain most important Pozen etal'®  2.0*
symptom

Abbreviations: Cl, confidence interval; LR, likelihood ratio
*Data not available to calculate Cls.

Features of the chest pain that decrease the probability of
myocardial infarction, and which therefore would be useful
in ruling out a myocardial infarction, are outlined in Table 2.2.
Pleuritic or positional chest pain, as well as chest pain
described as sharp or stabbing, decrease the likelihood of a
myocardial infarction. In addition, chest pain reproduced by
palpation on physical examination was also associated with
a low probability of myocardial infarction.

Table 2.2 Features of chest pain that decrease the
probability of a myocardial infarction

Clinical feature References LR (95% CI)
Pleuritic chest pain Tierney et al,'* 02 (0:2-0-3)
Lee et al,'®
Solomon et al'”
Chest pain sharp or Tierney et al,'* 0-3 (0:2-0-5)
stabbing Lee et al'®
Positional chest pain Lee et al'® 0-3 (0:2-0-4)

Solomon et al'”

Tierney et al,'4 0-2-0-4*
Lee et al'®
Solomon et al'”

Chest pain reproduced
by palpation

Abbreviations: Cl, confidence interval; LR, likelihood ratio
“In heterogenous studies the likelihood ratios are reported
as ranges.

The precision in obtaining a chest pain history was
addressed by Hickman and colleagues,'® who assessed the
interobserver agreement in chest pain histories obtained by
general internists, nurse practitioners, and self-administered
questionnaires for 197 inpatients and 112 outpatients with
chest pain. The agreement between two internists for seven
of the 10 items, including location and description of the
pain, as well as aggravating and relieving factors, was sub-
stantial (k, a measure of chance-corrected agreement, was
0-50-0-89). Agreement was slightly lower between internist
and questionnaire, and between the nurse practitioners and

internists, with the lowest level of agreement between
nurse and questionnaire. Features of the chest pain associ-
ated with a lower probability of myocardial infarction,
namely pleuritic, positional and sharp chest pain, were typi-
cally associated with a modest level of agreement for all
comparisons (k 0-26—0-62).

Although cardiac catheterization remains the definitive
diagnostic procedure for allocating patients to category 2 —
that is, the presence of myocardial ischemia or coronary artery
disease — the character of the chest pain has also been identi-
fied as one of the most important clinical features in establish-
ing the diagnosis of coronary artery disease.!” The combination
of typical angina and a long duration of symptoms was par-
ticularly predictive of severe disease. Although this study
was undertaken in a very select group of patients (those
who underwent cardiac catheterization), similar results were
obtained from outpatients referred for non-invasive testing.?’
After smoking, typical angina was the variable most strongly
associated with significant coronary disease (defined as >75%
luminal narrowing of at least one major coronary artery).
Subjects with typical angina were 13 times more likely to
have significant coronary disease than those without.

There are many causes of non-cardiac chest pain, as out-
lined in Figure 2.1, and each condition has its own charac-
teristic features and associated symptoms. It is beyond the
scope of this chapter to identify all these conditions.

Dyspnea

Dyspnea, defined as an uncomfortable awareness of breath-
ing, is a common complaint of both in- and outpatients.
Cardiac and pulmonary causes of dyspnea are most common,
with congestive heart failure, asthma and chronic obstructive
pulmonary disease accounting for most complaints.?!
However, standard textbooks of internal medicine list over
30 different etiologies for dyspnea,?? often with multiple eti-
ologies explaining a patient’s symptoms. It is often taught that
the cause of dyspnea, of either the heart or the lungs, can be
differentiated at the bedside by thorough history-taking.
Unfortunately, such strategies to diagnose a cardiac cause for
the breathless patient have been incompletely studied.

Zema and coworkers?? looked at the value of symptoms
as predictors of left ventricular systolic dysfunction in
37 patients with a clinical diagnosis of chronic obstructive
pulmonary disease (COPD). Eliciting a symptom of dyspnea
on exertion predicted depressed left ventricular systolic func-
tion with a sensitivity of 100% and a specificity of 20%. The
symptom of orthopnea generated a sensitivity and specificity
of 71% and 65%, paroxysmal nocturnal dyspnea 47% and
75%, and ankle edema 41% and 75%, respectively. All fea-
tures were associated with a likelihood ratio of 2 or less. In
general the study was well conducted, but the value of the
results to the practicing clinician must be questioned. First,
the symptoms of shortness of breath attributed to the heart
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were only considered in the context of impaired left ventric-
ular (LV) systolic function. It is now generally agreed that
abnormalities in LV diastolic function also cause symptoms
of dyspnea. A better gold standard would perhaps have been
radionuclide ventriculographic evidence of both LV systolic
and diastolic dysfunction. The generalizability of the results
is also lessened by the fact that their definition of heart fail-
ure was a left ventricular ejection fraction (LVEF) <50%,
when in fact the target for treatment of patients with heart
failure is most often an LVEF of <40%. Finally, the study
was performed in patients who first had a clinical diagnosis
of COPD, when patients present with many causes of short-
ness of breath, not just COPD.

In summary, therefore, specific features when elicited in a
patient presenting with a complaint of dyspnea are of lim-
ited usefulness in making a definitive diagnosis of impaired
LV function.

Syncope

Little detailed evidence exists for either individual or clusters
of clinical examination findings in the evaluation of syncope.
In a prospective study of 433 syncopal patients presenting in
a university setting (emergency, in- and outpatients), the his-
tory and physical examination were found to identify 55%
(140) of the 254 causes ultimately found.?* Many of the non-
cardiac causes of syncope in this study were defined in clini-
cal terms, and so provided the “diagnostic standard” for
classification. The three most common non-cardiac causes
were “orthostatic hypotension” (systolic drop of more
than 25 mmHg, or drop of more than 10 mmHg to less than
90 mmHg with symptoms), “situational” (situations included
cough, micturition and defecation, and required appropriate
timing and no other identifiable cause) and “vasovagal”
(requiring a precipitating event and premonitory symptoms),
representing 31%, 26% and 25%, respectively, of identifiable
causes of syncope overall.

Follow-up of the cohort demonstrated a 5 year mortality
of 50-5% for cardiac versus 30% for non-cardiac or 24% for
unknown causes. This provides some independent valida-
tion for the clinical classification criteria.

There is a need for further work in this area, particularly
in developing and validating practical clinical tools to screen
for psychiatric causes, to distinguish patients who will bene-
fit from electrophysiologic testing, and to predict those who
will have a positive tilt-table test.

Clinical features in the cardiovascular
physical examination

Apical impulse

The apical impulse was first described by William Harvey
in 19028% and is one of a number of palpable precordial

pulsations reflecting the underlying movement of the heart
and great vessels. Many criteria exist defining the normal
location, size and character of the apical impulse, and many
generations of medical students have been taught that an
“abnormal” apical impulse may assist with the diagnosis of
left ventricular enlargement and/or hypertrophy. It is only
recently that evidence has been published to support these
claims.

The relationship between the location and size of the apical
impulse and LV size, as determined by two-dimensional
echocardiography (gold standard), was evaluated by Eilen and
colleagues.?® An apical impulse lateral to the midclavicular
line, defined as half the distance between the tip of the
acromion process and the sternal notch, was a sensitive
(100%) but not specific (18%) indicator for LV enlargement,
with a likelihood ratio of only 1-2. Identification of the apical
impulse <10 cm from the midsternal line was just as sensitive
(100%) but only marginally more specific (33%). An apical
diameter of <3cm was a good indicator of LV enlargement,
with a sensitivity of 92% and a specificity of 75%, and was
almost four times as likely to occur in patients with, as
opposed to those without, LV enlargement (LR=3-7).

O'Neill and coworkers?’ examined the relationship between
the location of the apical impulse and the presence or
absence of cardiomegaly on chest xray (defined as a cardio-
thoracic ratio greater than 50%). An apical impulse lateral to
the midclavicular line had a sensitivity of 57%, a specificity
of 76%, and a likelihood ratio of 2-4 for identifying car-
diomegaly. Identification of the apical impulse >10cm from
the midsternal line was slightly more sensitive (78%) but
considerably less specific (28%), and added little to establish-
ing the diagnosis (LR=1-1). The results of this investigation
must be accepted with caution, as the gold standard used in
this case was chest xray, which is not a sensitive or specific
marker of LV enlargement. Therefore, the validity of this gold
standard must be questioned. This was, however, one of
the few studies that also evaluated the variation between
observers (interobserver variation) in the clinical assessment
of the apical impulse, and reported good agreement on apex
palpability (k=0-72) and moderate agreement on degree of
apex displacement (k=0-56) between two physicians.

Eagle and coworkers?® examined several clinical features
in 125 inpatients with a variety of cardiac and non-cardiac
diagnoses in an attempt to determine which features best
predicted LVEE In general, physician estimates of LVEF
were good, with 56% being accurate within 7-5% of meas-
ured value; 27% of physicians overestimated and 17%
underestimated the LVEE Multiple regression analysis iden-
tified three clinical features most predictive of LVEEF, includ-
ing S5 gallop, hypotension, and sustained LV apical impulse
(defined as a palpable impulse greater than two thirds the
ventricle systole).

In summary, the location, size and character of the apical
impulse may be used to assess LV size, LV function and
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cardiomegaly, either alone or in combination with other clin-
ical features or simple diagnostic tests. However, a number of
limitations exist, including the fact that a palpable impulse
may only be found in approximately 50% of patients. In addi-
tion, the high sensitivity but low specificity associated with
determining the location and size of the apical impulse make
it a better test for ruling out rather than ruling in LV enlarge-
ment, which is good for screening but has limited usefulness
at the bedside.

Third heart sound

Few studies have assessed the reliability and validity of
detecting a third heart sound on physical examination. The
studies that have been conducted suggest that the agree-
ment between observers with respect to the presence of a
third heart sound is low or moderate at best.?3! In one
study, cardiologists, internists and residents in internal med-
icine examined 46 patients for the presence or absence of a
third heart sound.3® The overall interobserver agreement
was poor, with a k of only 0-18. A somewhat better agree-
ment for the presence of a third heart sound was achieved
in an earlier study by two internists and two cardiologists,
with a k of 0-40.3! The evidence regarding the validity of
the third heart sound is even more limited. Using a comput-
erized phonocardiogram as a gold standard for the presence
of a third heart sound, Lok et a/*° report positive and nega-
tive predictive values for identifying a third heart sound of
71% and 64%, respectively.

Although the reliability and validity of this physical exami-
nation finding may be limited, the detection of a third heart
sound on physical examination may have important prognos-
tic implications. Drazner and colleagues>? performed a retro-
spective analysis of 2569 patients with symptomatic heart
failure enrolled in the Studies of Left Ventricular Dysfunction
treatment trial. In multivariate analyses adjusted for other
markers of severity of heart failure, a third heart sound was
associated with an almost 50% increased risk of hospitaliza-
tion for heart failure, or death from pump failure.

Central venous pressure

The right internal jugular vein lies directly in line with the
right atrium and acts as a manometer, displaying changes in
blood flow and pressure caused by right atrial filling, con-
traction and emptying. Elevated jugular venous pressure
reflects an increase in central venous pressure (CVP).

The reliability and validity of the clinical assessment of CVP
have been assessed in a limited number of studies. In one
study, medical students, residents and attending physicians
examined the same 50 ICU patients and estimated their CVP
as low (<5cm), normal (5-10cm) or high (>10cm).*
Agreement between students and residents was substan-
tial (k 0-65), agreement between students and attending

physicians was moderate (k 0-56), and agreement between
residents and staff was modest (k 0-30). Possible causes for
disagreement include positioning of patients, poor lighting,
difficulty in distinguishing carotid from venous pulsations,
and variation in pressure with respiration.

As regards the relation between clinical assessments of
CVP and the gold standard of simultaneous pressure meas-
urements through a central venous catheter, one study>*
used an attending physician, a fellow, a medical resident, an
intern and a student to predict whether four hemodynamic
variables, including CVP, were low, normal, high or very
high. The sensitivity of the clinical examination at identifying
low (<OmmHg), normal (0-7 mmHg) or high (>7 mmHg)
CVP was 33%, 33% and 49%, respectively. The specificity of
the clinical examination at identifying low, normal or high
CVP was 73%, 62% and 76%, respectively. In another study,
Eisenberg and colleagues®> compared clinical assessments
with pulmonary artery catheter readings in 97 critically ill
patients. Physicians predicted CVP correctly only 55% of the
time, more frequently (27%) underestimating than overesti-
mating (17%).

Clinical assessments of a high CVP increase the likelihood
that the measured CVP will be high by about fourfold; con-
versely, clinical assessments of a low CVP make the probability
of finding a high measured CVP extremely unlikely (LR=
0-2).3% The data demonstrate that clinical assessments of a
normal CVP are truly indeterminate, with likelihood ratios
approaching 1; such estimates provide no information because
they neither increase nor decrease the probability of an abnor-
mal CVP. Apart from less observer variation, CVP estimates
are most accurate in patients breathing spontaneously.

The precision of the abdominojugular reflux test has not
been reported, but its results will vary with the force of
abdominal compression. Although this is an insensitive
way to diaghose congestive heart failure, the specificity of the
test is high.33” Moreover, the positive likelinood ratios (6-4
when diagnosis was based on a clinical-radiographic score,
and 6-0 when diagnosis was based on emergency room physi-
cian judgment) indicate that this is a useful bedside test.!

Systolic murmurs

Etchells and colleagues® have published a thorough review
of the clinical examination for systolic murmurs. This
included a systematic review of the literature and grading of
the quality of the original articles. Quality was assessed by
the sample size and recruitment (consecutive versus con-
venience) and whether comparison with the diagnostic
standard was done independently and blindly.

Useful data for ruling aortic stenosis in or out are given in
Tables 2.3 and 2.4. The reliability of the examination by car-
diologists for late peaking murmur shape is good (k 0-74), for
the presence of murmurs is fair to moderate (k 0-20-0-48),2
but for other maneuvers may be poorer.3
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Table 2.3 Features of the clinical examination that
increase the probability of aortic stenosis

Clinical feature LR*
Slow rate of rise of carotid pulse 2:8-130
Late peaking murmur 8-101
Soft or absent second heart sound 3:1-50

“LR, likelihood ratio: range of point estimates from original
studies cited
Data from Etchells et a/?

Table 2.4 Features of the clinical examination that
decrease the probability of aortic stenosis

Clinical feature LR*

Absence of a murmur 0
No radiation to right carotid artery 0:05-0:10

“LR, likelihood ratio: range of point estimates from original
studies cited
Data from Etchells et a/?

Studies of the clinical examination for other etiologies of
systolic murmur were also reviewed but tended to be of
lesser quality than those addressing aortic stenosis.

Subsequent to their original work,? Etchells and col-
leagues have gone on to develop a two-stage prediction rule
for moderate—severe aortic stenosis (defined as an average
valve area of less than or equal to 1-2 cm? or a peak gradient
at or above 25 mmHg).>? In this rule a murmur not radiating
to the right clavicle was associated with a likelihood ratio of
0-1 (95% CI 0-02-0-44), significantly reducing the likeli-
hood of aortic stenosis. If the murmur did radiate to the
clavicle, the presence of 0-2 associated findings increased
the likelihood ratio to 1-76 (95% CI 0-9-2-9), and 3-4
associated findings resulted in a likelihood ratio of 40 (95%
CI 6-6-239), suggesting that the diagnosis of aortic stenosis
is supported by a greater number of associated findings. The
associated findings were reduced carotid volume, slow
carotid upstroke, reduced second heart sound intensity, and
murmur intensity in the second right intercostal space as
loud as or louder than in the fifth left intercostal space.

Etchells and colleagues® point out that the majority of
studies of this topic have used cardiologists as observers. The
performance of non-cardiologists appears to be less accurate
when studied. Further work, like their own, using a broader
range of clinicians and patients, is needed to discover the
value of the clinical examination in more general settings.

Blood pressure

An extensive review of the technique, reliability and validity
of blood pressure (BP) measurement has been provided by

Reeves.? As outlined in the review, two important sources of
variation in BP measurement include the patient and the
examiner. Random fluctuation in BP over time has been
documented by the SD of readings, with a minute-to-minute
variation of about 4 mmHg systolic and 2-3mmHg dias-
tolic, and day to day variation of 5-12 mmHg systolic and
6-8 mmHg diastolic. With respect to the examiner as the
source of variability, differences of 10-8 mmHg by both physi-
cians and nurses in routine medical practices have been noted.
Intra-arterial blood pressure measurement has been used as
the gold standard to assess the accuracy of indirect BP meas-
urement. With the indirect BP the phase I Korotkoff, or first
audible sound, appears 15—-4 mmHg below the direct systolic
BP, whereas phase V, or disappearance of all sounds, appears
3-6mmHg above the true diastolic BP in adults. Other fac-
tors that affect the accuracy of the indirect BP measurement,
resulting in both an increase and a decrease in systolic and/or
diastolic measurements, are outlined in Tables 2.5 and 2.6.

Table 2.5 Factors associated with an increase in blood
pressure

Factor Magnitude, SBP/
DBP (mmHg)

Examinee

Pseudohypertension 2-98/3-49

“White coat reaction” to physician 11-28/3-15

“White coat reaction” to il=12/2=7
non-physician

Paretic arm (due to stroke) 2/5

Pain, anxiety May be large

Acute smoking 6/5

Acute caffeine 11/5

Acute ethanol ingestion 8/8

Distended bladder 15/10

Talking, sighing 7/8

Setting, equipment

Leaky bulb valve >2 DBP

Blocked manometer vents 210 10

Examination

Cuff too narrow —8-+10/2-8

Cuff not centered 4/3

Cuff over clothing 5=50

Elbow too low 6

Back unsupported 6-10

Arm unsupported 1=7/6-11

Too slow deflation ={l=+2/6=6

Too fast deflation DBP only

Parallax error 2-4

Using phase IV (adult) 6 DBP

Too rapid remeasure 1/1

Cold season (v warm) 6/3-10

Abbreviations: DBP, diastolic blood pressure; SBP, systolic

blood pressure

Data from Reeves et al®
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Table 2.6 Factors associated with a decrease in blood
pressure

Table 2.7 Sensitivity of the arterial pulse in the diagnosis
of aortic dissection

Reading to next lowest 5 or
10 mmHg or expectation bias

Factor Magnitude, SBP/
DBP (mmHg)
Examinee
Recent meall —1-1/1-4
Missed auscultatory gap 10-50 SBP
High stroke volume Phase V can=0
Habituation 0-7/2-12
Shock (additional SSISER
pseudohypotension)
Setting, equipment
Faulty aneroid device Can be >10
Leaky bulb =2 SBP
Examiner

Probably =10

Impaired hearing SBP only
Examination

Left vright arm 1/1
Resting for too long (25 min) 10/0
Elbow too high 575

Too rapid deflation SBP only
Excess bell pressure =9 DBP
Parallax error (aneroid) 2-4

Abbreviations: DBP, diastolic blood pressure; SBP, systolic
blood pressure
Data from Reeves et al®

Arterial pulse

Few studies have been undertaken to assess the reliability
and validity of features of the arterial pulse in the cardiovas-
cular examination, despite numerous descriptive accounts of
its variability in different clinical conditions. Case series indi-
cate that details regarding the presence and quality of the
arterial pulse are more sensitive markers of coarctation of the
aorta than aortic dissection. Absent femoral pulses or a
femoral/brachial pulse discrepancy in patients was associ-
ated with a sensitivity of 88% in the diagnosis of coarctation
of the aorta in patients less than 6 months of age.*® Similar
results were obtained for patients diagnosed with coarctation
after 1 year of age, where weak or absent femoral pulses
were associated with a sensitivity of 85%.%!

The sensitivity of the presence and quality of the carotid,
subclavian and femoral pulses in establishing a diagnosis of
both proximal (primary tear in the ascending aorta with or
without involvement of the arch, De Bakey classification
type I and II) and distal (primary tear in the descending tho-
racic aorta, De Bakey classification type III) aortic dissec-
tions are outlined in Table 2.7. Proximal dissections were
primarily associated with an absence or decrease in the bra-
chiocephalic vessels, whereas distal dissections almost
exclusively involved the femoral arteries.

Aortic dissection (%)

References Proximal* Distalt
Lindsay and Hurst*?8 625 105
Slater and De Sanctis*3 50-9 15:6
Spittell et a/*+** 90 24

“De Bakey classification type | and Il.

"De Bakey classification type III.

8 Absence or decrease in amplitude of carotid, subclavian or
femoral pulse(s).

**Absence of palpable carotid, subclavian or femoral pulse(s).

Features of the arterial pulse may also be used to deter-
mine the presence of valvular heart disease. As reported by
Etchells et al? features of the arterial pulse, including rate
of rise of the carotid pulse, apical carotid delay and brachio-
radial delay, all increase the likelihood of establishing the
diagnosis of aortic stenosis (Table 2.8).

Table 2.8 Features of the arterial pulse that increase
the probability of aortic stenosis

Clinical feature LR*
Slow rate of rise of carotid pulse 2:8-130
Apical carotid delay 00
Brachioradial delay 68

“LR, likelihood ratio: range of point estimates from original
studies cited.
Data from Etchells et al?

The diagnostic value of the pedal pulse examination, as
an aid to establishing the diagnosis of peripheral arterial dis-
ease, has also been studied.* In this review the absence of
both the dorsalis pedis and posterior tibial pulses was a pow-
erful predictor for the presence of vascular disease (defined
as an ankle-to-arm systolic pressure index of <0-9), with
likelihood ratios ranging from 9-0 to 44-6. The presence of a
femoral arterial bruit was also a strong indicator of disease,
with likelihood ratios of 4-7-5-7.

Heart rate is another important component of the cardio-
vascular examination. The accuracy of the assessment of
heart rate may be affected by both the site (apical or radial)
as well as the counting interval (15, 30 or 60 seconds). With
a regular rhythm, radial 15 second counts were the least
accurate for both resting and rapid heart rates, whereas the
30 second counts were found to be the most accurate and
efficient for rapid rates.*® With the irregularly irregular
rhythm of atrial fibrillation, however, the apical method and
60 second count have been reported to be the most accu-
rate, with site being a more important source of error than
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counting interval.*’ Using the ECG as the measure of true

heart rate, the mean radial error for all counting intervals
was 19-5 beats per minute, which was significantly higher
than the mean apical error of 9-7 beats per minute.

Although the pulse in atrial fibrillation is typically described
as “irregularly irregular”, Rawles and Rowland,® using com-
puterized analysis of R-R intervals and pulse volumes in
patients with atrial fibrillation, disputed this assumption. In
an assessment of 74 patients with atrial fibrillation they
reported a non-random sequence of R-R intervals in 30%,
and the presence of pulsus alternans in less than half (46%).
The authors concluded that patterns of regularity of the pulse
are common in patients with atrial fibrillation.

Summary

Despite the frequency with which details of the history and
physical examination are used to establish or rule out a par-
ticular cardiovascular condition, there is a very limited
amount of data available to support the reliability and valid-
ity of these features. The one component of the cardiovas-
cular history which has been studied is that of chest pain in
the diagnosis of myocardial infarction. Features of chest
pain, particularly pain that has a wide distribution of radia-
tion, increase the probability of myocardial infarction,
whereas chest pain that is pleuritic, sharp or stabbing, posi-
tional or reproduced by palpation, decreases the probability
of myocardial infarction.

The reliability and validity of various features of the car-
diovascular physical examination have also received little
attention in the literature. Of those that have been studied,
the apical impulse has been shown to be a sensitive but non-
specific marker of LV size, which makes it useful for ruling
out, rather than ruling in, LV enlargement. Clinical assess-
ment of elevated CVP has been shown to be associated with
a fourfold likelihood that the measured CVP will be high,
with the abdominojugular reflex being a useful bedside test
to assist in the diagnosis of congestive heart failure.

Of the cardiac murmurs, aortic stenosis has been studied
the most thoroughly. Features of the clinical examination
that increase the probability of diagnosing aortic stenosis
include slow rate of rise of the carotid pulse, late peaking
murmut, and soft or absent second heart sound. Conversely,
absence of a murmur or no radiation to the right carotid
artery or clavicle were features associated with a decreased
probability of aortic stenosis. Recent work would suggest
that the presence of an increased number of associated find-
ings increases the likelihood of aortic stenosis.

A number of features have been shown to influence the
accuracy of the indirect assessment of BP, including those
related to the examinee, the examiner, the setting and
equipment, and the examination itself. Assessment of the
arterial pulse in diagnosing coarctation of the aorta and

aortic dissection has been limited to case series, therefore esti-
mates of sensitivity only are available. Features of the arterial
pulse have been shown to be relatively sensitive markers for
coarctation of the aorta and for chronic lower extremity
ischemia, but less so for aortic dissection. Finally, both count-
ing interval and site (radial versus apical) have important
implications on the accuracy of heart rate assessment.

As is evident from the information presented, unfortu-
nately, for a variety of reasons, research on clinical examina-
tion has lagged behind basic science and therapeutic
research. So far, clinical examination is identified as the
“art” of medicine, and by incorporating an evidence-based
approach one can make clinical examination the “art and
science” of medicine.
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Raymond J Gibbons

Consider the following case history. A 75 year old male
presents with a history of exertional chest pain. The patient
describes substernal chest pain that he perceives as a “pres-
sure sensation” occurring when he walks too fast, uphill, or
in the cold. It is relieved by rest within a few minutes. On
two recent occasions, he tried a friend’s nitroglycerin tablets,
and obtained even more rapid relief of his symptoms. His
symptoms have never occurred at rest. The patient has a
history of diabetes mellitus, hypertension, and hypercholes-
terolemia. He smokes one pack of cigarettes a day. Several
male family members died of coronary artery disease before
the age of 60. The patient underwent carotid artery surgery
a year ago for treatment of transient ischemic attacks.

On the basis of his age, gender, chest pain description,
and risk factors, this patient is highly likely to have signifi-
cant obstructive coronary artery disease (CAD). The added,
or incremental, value of any stress test for the diagnosis of
the presence of disease in such a situation is very small. Out
of 100 patients with this presentation, perhaps only one or
two will not have obstructive CAD. The potential contribu-
tion of stress testing is therefore restricted to only these one
or two patients.

This example demonstrates the importance of the con-
cept of incremental value for diagnostic tests. In the current
era of healthcare reform, it is no longer sufficient that a test
simply provide “more information”. The more appropriate
current questions are:

e how much information does the test provide, and
e at what cost?

Increasingly, tests are also required to have a demonstrable
impact on critical nodal, or decision, points with respect to
patient management.

The demonstration of the incremental value of diagnostic
tests requires rigorous methodology. The principles of
the required methodology should be credited primarily to
Dr George Diamond and his colleagues at Cedar Sinai
Medical Center in Los Angeles.'™ First and foremost, such
an analysis should reflect clinical decision making. Since
clinical assessment is performed before any diagnostic tests,
and usually at lower cost, parameters available from this
assessment should be considered separately without any
information from subsequent testing. The analysis should

Obtaining incremental information
from diagnostic tests

preferably focus on hard, demonstrable end points such as
significant obstructive CAD, severe (three vessel or left
main) coronary artery disease, myocardial infarction, or
death. Although alternative end points, such as functional
impairment, unstable angina, and the need for revascular-
ization, are often included to increase statistical power, such
end points have major limitations with respect to reversibil-
ity, subjectivity, and definite impact on patient outcome.
The analysis should create appropriate models that include
all available important variables. An experienced clinician
always takes the patient’s age, gender, and history into
account in making his or her clinical decision regarding
patient management, even when testing results are avail-
able. These important clinical parameters must therefore be
included in any final model that reflects the clinical decision
making process. The analysis must demonstrate that the
additional information is statistically significant in an appro-
priate patient population. Analyses that demonstrate addi-
tional information in older, “sicker” inpatient populations
should not be casually extrapolated to younger, “less sick”
outpatients in whom testing is customarily performed.
Finally, the test must provide information that is clinically
significant and cost effective. In very large patient samples,
differences that have little, if any, clinical significance for
individual patient management may emerge as statistically
significant. The potential impact on patient management in
some patients must compare favorably with the incremental
cost of the test in all the patients who must be tested.

This chapter will attempt to elucidate this methodology
using the published data with respect to the diagnosis of sig-
nificant obstructive CAD, non-invasive screening for severe
CAD, and patient outcome. All of these examples are drawn
from the arena of ischemic heart disease, because this entity
is a predominant feature of clinical practice in cardiology,
and the published literature is voluminous and extensive.
However, the same principles apply to other disease entities,
both cardiac and non-cardiac.

Clinical assessment

As outlined above, the initial step in any analysis designed to
demonstrate incremental value is the consideration of all
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the information available prior to performance of the test.
This will always include the results of the history and physi-
cal examination, and may sometimes include the results of
other tests already performed. This section focuses on the
information available from clinical assessment.

Diagnosis of coronary disease

As demonstrated by the earlier example, clinicians often
encounter patients with chest pain and suspected CAD.
The ability of clinical assessment to predict the likelihood
of significant obstructive CAD has been demonstrated in
numerous studies. The likelihood of significant disease
based on clinical assessment is appropriately labeled the
“pretest probability”, in statistical terms.

Age, gender, and the patient’s chest pain description are
the most important clinical parameters for estimating the
likelihood of CAD.* Older patients, men, and patients with
chest pain that is typical, or classic, for angina pectoris are
more likely to have coronary disease. Although multiple dif-
ferent systems have been used to classify chest pain, the
simplest and easiest was proposed by Diamond.> He sug-
gested a classification based on three elements — substernal
location, precipitation by exertion, and relief by rest or
nitroglycerin. If all three elements are present, the chest
pain is classified as “typical angina”. If two elements are
present, the chest pain is classified as “atypical angina”. If
only one or none is present, the chest pain is classified as
“non-anginal chest pain”.

Table 3.1 shows published estimates of pretest probability
on the basis of age, gender, and chest pain description.* It is
obvious that there is a very wide range of pretest probability,
ranging from 1% for a 35 year old woman with non-anginal
chest pain to 94% for a 65 year old man with typical angina.
Note that a 50 year old man with atypical angina has about
a 50% probability of disease.

Table 3.1

A more comprehensive attempt to consider all clinical
characteristics, including risk factors for atherosclerosis,
was published from the Duke University Medical Center
databank.® In addition to the three parameters previously
discussed, this analysis found that evidence for previous
infarction, smoking, hyperlipidemia, ST and T wave changes
on the resting electrocardiogram (ECG), and diabetes were
all highly significant predictors of the presence of coronary
artery disease. Figure 3.1 shows a published nomogram
for men that incorporates all of these parameters. Careful
inspection of this figure demonstrates that the impact of the
clinical parameters other than age, gender, and chest pain is
variable. ECG and historical evidence of previous infarction
have a major impact, diabetes and ECG ST-T changes have
a modest impact, and lipids and smoking have a minimal
impact. For example, a 50 year old male with atypical
angina has a 46% pretest probability of disease in the
absence of smoking, hyperlipidemia, or diabetes, a 48%
pretest probability in the presence of both smoking and
hyperlipidemia, and a 65% pretest probability if he has dia-
betes as well. In the presence of ECG Q waves and a history
of MI, his pretest probability exceeds 90%.

Non-invasive screening for severe
coronary artery disease

Not surprisingly, clinical parameters are also very important in
estimating the likelihood of severe (three vessel or left main)
CAD.” The same parameters that are most important for pre-
dicting the presence of disease — age, gender, and chest pain
description — remain important. In addition, diabetes mellitus
and history or ECG evidence of myocardial infarction are also
very important. The simplest approach for estimating the like-
lihood of severe disease was published by Hubbard et al®
They assigned one point each for: male gender; typical
angina; history and ECG evidence of myocardial infarction;

Pretest probability of coronary artery disease

Age (years)

Pretest probability (%)

Asymptomatic Non-anginal Atypical Typical

chest pain angina angina

F M F M F M F M
30-39 <1 2 1 5 4 922 26 70
40-49 1 6 3 14 13 46 b5 87
50-59 4 9 8 29 32 B9 79 92
60-69 8 11 19 28 b4 67 91 94

From Diamond and Forrester.* Reprinted by permission of the New England Journal
of Medicine, and Diamond GA. A clinically relevant classification of chest discomfort.

J Am Coll Cardiol 1983;1:547-75
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AGE
No smoking
or lipids
Lipids only
Smoker only
History — ECG 80
Point score 80 Both
Angina — Typical — 26 80 a0
Atypical — 10 T
Non-angina — 0 70 T
Point 70 - 70
Previous MI score [C=a
History only — 11 1 60
ECG Q waves — 12
Both — 30 0 01 gx T
. -+ 50
Probability of 60
EQG ST-T Ch_anges -6 significant CAD T
Diabetes mellitus — 7 1 40
l 50 | 50
60 99 -— 30
98 >0 a0+ |
97 40 - 20
50 95
30
90
40
Directions for use 85 30
80
Step 1. Calculate the history ECG score and 40 70 20
locate point on left scale 60
Step 2: Using the appropriate age scale extrapolate 50 20
. X . 40 30
to the reading line for age (right scale) 30
Step 3: Place a ruler between the 30 20
point score and age (moved 15
to the reading line) 10
Step 4: Read off the probability of 05 20
significant CAD on the 20 03 }
center scale 02
01 Reading
line
10
0

Figure 3.1  Nomogram for predicting the probability of significant coronary artery disease (CAD) in men. ECG, electrocardiogram;
MI, myocardial infarction. (After Pryor et al®) Example: A 50 year old, white male with atypical angina and diabetes mellitus, but no
ECG ST changes, previous MI, smoking, or hyperlipidemia. Point score on left scale =10 + 7=17. Appropriate reading line on right
labeled “no smoking or lipids". Connect age 50 on this reading line to point score of 17 with a straight edge. This intersects the
middle line at 60, indicating that this is the percentage probability of significant CAD.

diabetes; and insulin use. Thus, the point score had a mini- A more comprehensive analysis on a larger number of
mum value of 0 and a maximum value of 5. Figure 3.2 shows patients was published from the Duke University Medical
a nomogram for the probability of severe CAD based on age Center databank.” In addition to the five parameters
and this point score. It is quickly apparent that age is an already mentioned, these workers found that the duration
extremely important parameter for predicting severe disease. of chest pain symptoms, other risk factors (blood pressure,
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Figure 3.2 Nomogram showing the probability of severe
(three vessel or left main) coronary artery disease based on a
5 point score. One point is awarded for each of the following
variables — male gender, typical angina, history, and electrocar-
diographic evidence of MI, diabetes, and use of insulin. Each
curve shows the probability of severe coronary disease as
a function of age. (From Hubbard et a/® with permission.)

hyperlipidemia, and smoking), a carotid bruit, and chest
pain frequency were also important determinants of the
likelihood of severe CAD. However, the magnitude of their
additional effect was modest.

Prediction of patient outcome

The ability of clinical assessment to predict patient outcome
has been demonstrated in numerous previous studies. The
largest and most important of these came from the Duke
University databank!® and the Coronary Artery Surgical
Study Registry.'! Many of the same parameters that predict
the presence of disease and the presence of severe disease
are also associated with adverse patient outcome. Age, gen-
der, chest pain description, and previous myocardial infarc-
tion all have independent value in predicting patient
outcome. In addition, history and physical examination
evidence for congestive heart failure, history and physical
examination evidence of vascular disease, unstable chest
pain characteristics, and other ECG findings, such as ST-T
wave changes, left bundle branch block, and intraventricular
conduction delay, all have prognostic value. It is not gener-
ally appreciated how well clinical parameters perform in this
regard. The Duke group reported that 37% of the patients
undergoing stress testing at their institution had a predicted
average annual mortality of 1% or less over the next 3 years,
on the basis of clinical assessment.!!

Several studies have shown that a normal resting ECG,
and the absence of a history of prior infarction, predict
a normal ejection fraction with 90% confidence,'>!® and
therefore a favorable prognosis.'*~1¢

Approaches to the assessment of
incremental value

Once the information available from clinical assessment
(and other tests already performed) has been considered,
there are a variety of conceptual and statistical approaches
that can be employed to assess the incremental value of the
test in question. This section will present examples of three
such approaches.

Diagnosis of CAD

The application of multiple different stress tests for the
diagnosis of coronary artery disease has been extensively
studied. The most common approach used in this setting to
demonstrate the incremental value of a new test employs
Bayes’ theorem.!” This theorem indicates that the likelihood
of disease following testing (post-test probability) can be
calculated from the test characteristics (sensitivity and
specificity) and the pretest probability. This calculated post-
test probability is often plotted graphically as a function of
pretest probability (Figure 3.3).

1.0
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£ test
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4
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0-2 04 0-6 0-8 1.0
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Figure 3.3 Relationship between pretest probability and
post-test probability. The solid curves for positive and negative
tests are plotted for a test with 80% sensitivity and a 90%
specificity. Post-test probabilities that are acceptable for diag-
nosis (90% and 10%) are shown in the shaded zones. Line A
represents a patient with a very low pretest probability; line B, a
patient with a high pretest probability; line C, a patient with an
intermediate probability. (Modified from Berman DS, Garcia EV,
Maddahi J. Thallium-201 scintigraphy in the detection and
evaluation of coronary artery disease. In: Berman DS, Mason DT,
eds. Clinical nuclear cardiology. New York: Grune and Stratton,
1981, with permission.)
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In Figure 3.3, the pretest probability is shown on the
X-axis and the post-test probability is shown on the Faxis.
The dotted line represents the line of identity. The vertical
distance from this line to the upper solid curve represents
the increase in the probability of disease as a result of posi-
tive test. In analogous fashion, the vertical distance from
this dotted line to the lower solid curve represents the
decrease in probability as a result of a negative test. The
solid vertical lines describe three different clinical situations.

Line A represents a patient with a very low pretest proba-
bility, such as a 40 year old woman with non-anginal pain.
A negative test changes probability very little. A positive test
increases probability somewhat, but the post-test probability
remains well under 50%, and the test is most likely a “false
positive”.

Line B represents a patient with a high pretest probability
of disease, such as a 65 year old man with typical angina.
A positive test will increase the probability only slightly. A neg-
ative test will decrease the probability of disease somewhat,
but the post-test probability remains substantially greater than
50%, so that the test is most likely a “false negative”.

The final situation (line C) represents a patient with an
intermediate probability of disease, such as a 50 year old
male with atypical angina. A positive test in such a patient
would increase the probability of disease substantially to near
90%. On the other hand a negative test would decrease the
probability of disease substantially to approximately 18%.

Thus, it is evident that the incremental value of diagnos-
tic testing is greater in patients with an intermediate proba-
bility of disease, a principle that is broadly recognized.!”

However, it is also recognized that this kind of analysis
has a number of limitations. The single curves for positive
and negative tests do not take into account the degree of
test abnormality. The test results are therefore better dis-
played for a whole range of values for a parameter that helps
distinguish normal from abnormal. The best known exam-
ple of this would be the magnitude of ST segment depres-
sion on treadmill exercise testing.!® In addition, multiple
other parameters are reported during a treadmill exercise
test, which help to distinguish severely abnormal tests from
only mildly abnormal tests.!” Ideally, all of these parameters
would be incorporated into a single “score” and a series of
curves would be plotted.

Next, construction of such curves relies on the premise
that the sensitivity of tests will be identical for any popula-
tion of patients with disease regardless of disease preva-
lence. This assumption is usually invalid. As demonstrated
in the previous section, those parameters which help to
identify the presence of disease also help to identify the
presence of severe disease. In general, the sensitivity of
most tests is greater in patients with more severe disease. It
is therefore quickly evident that sensitivity would be
expected to vary with the prevalence of disease. This point
has been demonstrated by several investigators,® and

provides justification for the use of logistic regression analy-
sis for diagnostic purposes.?! Despite these limitations,
bayesian analysis serves as a useful framework for under-
standing the potential incremental value of diagnostic
tests.

Post-test referral bias, also known as work up bias or ver-
ification bias, occurs whenever the results of the test in
question influence the subsequent performance of the “ref-
erence” test (sometimes referred to as the “gold standard”).
This bias has been recognized for more than 20 years.?? An
early survey of the literature on exercise testing showed
that only 2 of 33 studies avoided this bias.?® The recognition
of the importance of this phenomenon was emphasized
in a landmark paper in 1983, which described the “dec-
lining specificity” of radionuclide angiography as a result
of this bias.?* More than 10 years ago, a monograph from
the Institute of Medicine emphasized this well established
concept.?” The key question to ascertain whether postre-
ferral bias is present is “did the results of the test being
evaluated influence the decision to perform reference
standard?”.2°

Although this bias potentially occurs for any diagnostic
test, it is particularly important for non-invasive diagnostic
tests for CAD. Patients with positive non-invasive tests are
often referred to coronary angiography (the “reference” test).
In contrast, patients with negative tests are often sent home
without coronary angiography. The effects of this preferential
referral to coronary angiography are to markedly decrease
the observed specificity of the test in question and modestly
increase its sensitivity.

The clearest solution to the problem of post-test referral
bias is to avoid it completely by studying patients in whom
the decision to proceed with the “reference” test is made
before the performance of the diagnostic test in question.?
For the diagnosis of CAD, this standard is incredibly difficult
and rarely achieved. A more feasible alternative is the math-
ematical correction of sensitivity and specificity for post-test
referral bias using one of two published formulae and infor-
mation about all of the patients who were studied using the
diagnostic test in question and did not proceed with coro-
nary angiography.?’?® There are a number of published
studies demonstrating the effect of these corrections on the
observed test performance for exercise electrocardiographic
testing,?” exercise echocardiography,®® and exercise Single
Photon Computed Tomography (SPECT) perfusion imag-
ing.3! Correction for referral bias markedly increases the
specificity and modestly decreases the sensitivity of these
tests. As a result, the predictive value of a positive test is
improved, but the predictive value of a negative test
decreases. It is generally difficult to confirm the validity of
these corrections. However, a carefully designed prospective
study of exercise echocardiography in women has now
reported sensitivity and specificity values that are very close
to those reported after correction for referral bias.3?
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Post-test referral bias has numerous important implica-
tions for the interpretation of the diagnostic literature.3?
Many of the reported sensitivity and specificity values are
very likely to be erroneous.3? Widespread misconceptions
exist regarding gender differences in test performance. The
post-test probability of CAD is higher for either a positive or
negative test than that which would be calculated from
Bayes’ theorem using the reported values of sensitivity and
specificity.!

Non-invasive screening for severe CAD

The incremental value of testing for the diagnosis of
severe CAD has been studied using both bayesian analysis
and logistic regression analysis. When the latter analysis is
conducted properly, all of the previously discussed clinical
parameters that are associated with severe coronary disease
are incorporated into a model that is used to predict the
probability of severe CAD. The output of such a model is
a probability that ranges between O and 1. It is critically
important that these candidate variables be “forced” into
the model, even if they are statistically insignificant in the
population under study. Most study populations are too

small to have adequate power to detect the true significance
of these variables, which has been demonstrated in very
large subsets. For example, age should always be forced
into such models, even if it does not appear to be significant
in the particular population in question, because there is
abundant evidence that it should always be considered (and
indeed usually is by clinicians).

Using this approach, a second model should then be
constructed which includes all of the clinical parameters, as
well as pertinent new parameters from the test in question.
If these parameters have statistical significance independent
of the clinical parameters, the test has incremental value.
This approach is demonstrated in Table 3.2, which shows
the improvement in the logistic regression model for severe
CAD reported by Christian et a/,'® when the exercise test
was added to clinical parameters, and when thallium imag-
ing parameters were added to clinical and exercise parame-
ters. An alternative approach is to construct the receiver
operating characteristic (ROC) curves, which display sensi-
tivity and specificity as a function of the predicted probability
of severe disease (the output of a logistic regression model).
The area under the ROC curve can then be compared
between the model that incorporates clinical parameters,

Table 3.2 Logistic regression multivariate analysis: prediction of three vessel or left main (coronary artery) disease

Model Direction Odds ratio (95% ClI) P value

Clinical
Diabetes mellitus Present 2:0(1:3-3:1) 0-001
Typical angina Present 2:3 (1-4-39) 0-001
Sex Male 3.2 (1:4-4-0) 0-007
Age? Older 14 (1:1-1:9) 0:01
x>=313

Clinical and exercise
Diabetes mellitus Present 19 (1.2-30) 0-005
Typical angina Present 1-9 (1-1-3-3) 0-02
Sex Male 2:3 (0:9-5:3) 007
Age? Older 1:2 (0:9-1:7) 0-16
Magnitude of ST depression More 16 (1:3-1-8) <0-001
Peak heart rate X peak systolic blood pressure® Lower 0-9 (0-86-095) <0-001
x> =650

Clinical, exercise, and thallium-201
Diabetes mellitus Present 19 (1:2-30) 0:004
Typical angina Present 1:8 (1:1-32) 003
Sex Male 2:2 (0-9-5-3) 007
Age? Older 1:2 (0:9-1'7) 017
Peak heart rate X peak systolic blood pressure® Lower 09 (0-86-0:95) <0:001
Magnitude of ST depression More 14 (1:2-1-7) 0-001
Global T1-201 score (delayed — after exercise) Higher 11 (1:0-1-1) 0.02

X2 =704

2Increments of 10 years (each 10-year increase in age increases the odds of severe disease 1:4-fold).

®Increments of 1000 units.
From Christian TF et a}'® with permission
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Figure 3.4 Receiver operator characteristic curves for three
logistic regression multivariate models for the prediction of severe
coronary disease. (From Christian et al'® with permission.)

and the model that incorporates clinical parameters and the
new test parameters. Methods are available for determining
the statistical significance of changes in the area under these
two ROC curves.3? An example of this approach is shown in
Figure 3.4, taken from Christian ef a/'® The clinical signifi-
cance of these differences in the models (assessed by either
x2 analysis or ROC curves) is discussed later.

Prediction of patient outcome

The demonstration of incremental prognostic value for
diagnostic tests is obviously extremely important for clinical
decision making. It requires strict adherence to the rigorous
standards that were outlined previously. In general, very
few of the published studies demonstrating prognostic
value of diagnostic tests meet the strict criteria necessary
to demonstrate incremental prognostic value for these tests.
The statistical model most often used for this purpose
is a linear proportional hazards, or Cox, model.3* When
strictly applied, all the previous information available to the
clinician, either from clinical assessment or previous testing,
should be incorporated into a linear proportional hazards
model that predicts time to an event. Once again, para-
meters that have been clearly demonstrated in larger popu-
lations to be significant must be “forced” into such models
to make sure that their contribution is not neglected. The
events in question should preferably be hard end points
such as death and myocardial infarction. As previously
mentioned, unstable angina and the need for revasculariza-
tion are alternative end points that are often included to
enhance statistical power, but these have major limitations.

One of the best examples of a rigorously constructed
analysis demonstrating incremental prognostic value was
published by Pollock et al/in 1992.3° They tested the asso-
ciation between various combinations of variables, and time
to death or myocardial infarction, in a linear proportional

hazards model using the x? statistic. Clinical and exercise
variables were significantly better than clinical variables
alone. Similarly, a model that added thallium redistribution
to clinical and exercise variables was significantly better
than the combination of clinical and exercise variables.

Another example of such a rigorous analysis was that
reported by Christian et al® in patients with a normal rest-
ing electrocardiogram. Using a similar approach, these
investigators reported that a model adding thallium vari-
ables to clinical and exercise variables did not add signifi-
cantly to the model using clinical and exercise variables.
Thus, in the subset of patients with a normal resting ECG,
Christian et al'® were unable to confirm the findings of
Pollock er ai?*

Clinical significance and cost effectiveness

Even when statistically significant incremental value has
been demonstrated for a diagnostic test using appropriate
rigorous methodology, the clinical significance of the find-
ings must be equally rigorously examined. The two funda-
mental issues that should be addressed are the actual impact
of this incremental value on clinical decision making and,
where possible, cost effectiveness. The principles of decision
analysis pertinent to the first criterion will be presented in
much greater detail in Chapter 7. The available published
data on diagnostic testing in coronary disease that will be
presented here use only rudimentary concepts with respect
to decision analysis. Formal cost analysis also requires
understanding of a much greater body of published
knowledge, which will not be presented here. The exam-
ples presented will again be very rudimentary, but demon-
strate the principle.

Diagnosis of CAD

The clinical significance of diagnostic testing can best be
understood in terms of decision making thresholds. From
the standpoint of diagnosis, a test will be useful primarily if
it moves a significant number of patients from an “uncer-
tain” pretest probability to an “acceptably certain” post-test
probability. The exact criteria, or threshold, to be used in
these classifications are clearly a matter of judgment; many
investigators have chosen post-test probabilities of less than
10% and greater than 90% as criteria for definitive diagno-
sis.3¢ Thus, non-invasive testing will be useful for diagnosis
if it moves a reasonable number of patients into the shaded
zone shown in Figure 3.3.

Although treadmill testing has clear incremental value for
diagnosis, particularly in patients with intermediate pretest
probability, as discussed earlier, its ability to move patients
across such thresholds of probability appears to be very
limited. Goldman et a/*’ examined the ability of treadmill
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Table 3.3 Effect of treadmill exercise test results in moving patients across various diagnostic thresholds

Threshold Patients Correctly Incorrectly Net increase in diagnoses
probability moved across (n) moved moved (correct-incorrect)

010 8 6 3 4

090 58] S8 20 18

Either 0-10 or 090 61 39 29 17 (5%)

From Goldman et a/,%” by permission of the American Heart Association, Inc.

exercise variables to classify 329 patients with CAD. Their 60

results are summarized in Table 3.3. The pretest model was
very powerful, as it classified 84% of the patients correctly. % of

Table 3.3 shows the number of additional patients classified patients 40

correctly for given thresholds of probability. For example, if classified

10% was considered an acceptable threshold to “rule out” with this Post-test
CAD, eight of 324 patients were moved across this threshold, probability 5 i o -—-- Pretest
but only six were moved correctly. Similarly, for a 90% thresh- el

old to “rule in” CAD, 53 patients were moved across this

threshold but only 33 were moved across correctly. As a % a5 20 s

result, the net total number of patients who were correctly
moved into the diagnostic zone in Figure 3.3 was only 17, or
5% of the patient population. Thus, the clinical significance of
the incremental value provided by the treadmill test appears to
be very limited.

Similar rigorous analyses have been published for
radionuclide angiography.®® The results of one of these are
displayed in Figure 3.5. The study group excluded men with
typical angina over the age of 40 in order to eliminate
most patients with a high pretest probability. Logistic regres-
sion models developed on a retrospective population were
applied prospectively to a group of 76 patients. As demon-
strated in Figure 3.5, eight (11%) of the 76 patients could be
classified with 90% certainty on the basis of clinical vari-
ables alone. Following radionuclide angiography, 24 patients
(32%) could be classified directly. Thus, the incremental
value of exercise radionuclide angiography in moving
patients across clinically meaningful decision thresholds
appeared to be much greater than for the treadmill exercise
test, as 21% of the patients were correctly classified by the
radionuclide angiogram.

Similar findings have been reported for planar thallium
imaging.>”*° Unfortunately, no rigorous analyses are avail-
able for either SPECT imaging or sestamibi imaging, prima-
rily because post-test selection bias has greatly limited the
feasibility of such studies in the current era.

Non-invasive screening for severe CAD

The same threshold approach has been applied to the
non-invasive identification of severe CAD. Here the ability of
tests to move patients across somewhat different thresholds
of probability, as assessed by logistic regression models, has

Probability (%)

Figure 3.5 Percentage of patients classified with a given
probability of coronary disease before and after exercise
radionuclide angiography. The prospective study group of
76 patients excluded males of 40 years or older with typical

angina. (From Gibbons et a8 with permission.)
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Figure 3.6 Correct (C), incorrect (), and uncertain (U) classi-
fication of patients with three vessel or left main coronary
artery disease by the use of logistic regression multivariate
models. Low, intermediate, and high probability defined using:
clinical variables only; clinical and exercise variables; clinical,
exercise, and thallium-201 variables. (From Christian et al,'
with permission.)

been tested. Christian et a/'® defined a low-probability
group for severe CAD as <0-15, a high-risk group as >0-35,
and an intermediate group as 0-15-0-35. These thresholds
were chosen to correspond to earlier work from Duke
University reporting on the utility of the early positive
treadmill test.*! Figure 3.6 shows the results that were
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obtained using this approach. Using clinical parameters
alone, 189 patients (46% of the study group) were correctly
classified as low or high probability. Thirty-seven patients
(9%) were incorrectly classified as low or high probability.
The remaining 185 patients (45% of the study group) had an
intermediate probability, and were therefore in an uncertain
category. The addition of exercise parameters correctly
classified an additional 37 patients at the expense of 13
additional incorrect classifications, for a net of 24 additional
correct classifications (6% of the study group). The addition
of thallium parameters led to 12 additional correct classifica-
tions, and two fewer incorrect classifications for a net
increase of 14 correct classifications (3% of the study group).
These workers then used Medicare reimbursement figures
to calculate the cost per additional correct classification.
For exercise testing, the cost per additional correct patient
classification was $1524. For thallium scintigraphy, the cost
was $20 550 per additional correct classification.

Thus, this analysis demonstrated that the clinical impact
was modest, and the cost was high, when thallium imaging
was used in patients with a normal resting ECG to try to
identify patients non-invasively with severe CAD. Although
thallium scintigraphy clearly had statistically significant
incremental value, it did not appear to be cost effective for
this purpose.

Prediction of patient outcome

The issues of clinical significance and cost effectiveness are
particularly pertinent to the application of diagnostic tests
for the prediction of the patient outcome. These applications
often involve relatively low-risk patient groups with few
subsequent events. Tests applied to the entire population
may identify a subset of patients who are at considerably
increased risk.*>*3 These results will be highly statistically
significant, and generate very impressive P values and risk
ratios. However, it must be recognized that the absolute rate
of events often remains too low in the high-risk patient sub-
group to be clinically meaningful, and the cost of this identi-
fication is often therefore prohibitive when viewed on a per
event basis.

This concept was nicely demonstrated in a study by
Berman et a/** on patients with a low clinical likelihood of
CAD studied by SPECT sestamibi. During 20 months of
follow up, only patients with an abnormal sestamibi study
suffered death or myocardial infarction. This difference was
statistically highly significant (P=0-007). However, this
increment in prognostic value was clearly not cost effective,
as noted by the authors. Although the cost analysis by the
authors was quite detailed, the cost ineffectiveness of this
approach is readily apparent with very simple analysis. The
107 patients in the high-risk group suffered only three
events during 20 months of follow up. In order to identify
the high-risk group, testing was required of 548 patients.

Using a Medicare reimbursement figure of $700 per test,'®
more than $383 000 of testing would be required to identify
the high-risk cohort. The cost of testing alone would there-
fore exceed $127000 per possible event prevented. This
simple analysis ignores the additional costs that would
accrue from the subsequent cardiac catheterizations and
coronary revascularizations that would be necessary in the
high-risk group in order to attempt to prevent the three
events. (There is obviously no certainty that the three
events could actually be prevented by revascularization.)

Similar analyses have been published for screening in
asymptomatic individuals. As a general principle, it should
be recognized that non-invasive testing for the assessment
of prognosis is far less cost effective in subsets of patients
at intrinsically low risk.

Conclusion

Clinicians should recognize that an evidence-based
approach to the evaluation of the incremental value of diag-
nostic tests is not simple or straightforward. Unfortunately,
it is far easier for both clinicians and investigators to use sim-
ple, less rigorous, approaches that appear to demonstrate
important incremental value for each new diagnostic test.
Although convenient, such approaches lead to incorrect
conclusions, and generally overestimate the added value of
each new testing modality. The examples presented in this
chapter should provide a framework for thinking clinicians
to evaluate better new publications on new diagnostic tests.
However difficult these analyses may be, and however dis-
appointing the results, the escalating costs of healthcare
demand an approach of rigorous methodology and thought-
ful analysis to make certain that the incremental value of
a diagnostic test is not only statistically significant, but clini-
cally significant and cost effective.
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4 Clinical trials and meta-analysis

Colin Baigent

Introduction

Although large effects on survival arising from certain treat-
ments may occasionally be obvious from simple observation
(as, for example, when cardioversion for ventricular fibrilla-
tion avoids otherwise certain death), the vast majority of
interventions have only moderate effects on major out-
comes and hence are impossible to evaluate without careful
study. Enthusiasm for the biologic foundations of a particu-
lar therapeutic approach often leads to exaggerated hopes
for the effects of treatment on major clinical outcomes.
These hopes may be based on dramatic laboratory measures
of efficacy, or on the types of surrogate outcome that are
commonly studied before drugs go into Phase III or IV stud-
ies: for example, a drug may almost completely prevent
experimental ischemia progressing to infarction, or practi-
cally abolish experimental thrombosis. However, these
large effects on surrogate end points very rarely translate
into large effects on major clinical outcomes: the over-
whelming message from two decades of clinical trials in car-
diology is that the net effects of most treatments are
typically moderate in size.* This chapter explains why large-
scale randomized evidence, either in a single “mega-trial” or
in a meta-analysis of similar trials, is generally an absolute
requirement if such moderate effects on major outcomes are
to be characterized reliably.

It is important to appreciate that progress in cardiologic
practice, and in the prevention of cardiovascular disease, has
been and remains dependent on the availability of large-
scale randomized trials and appropriately large-scale meta-
analyses of such trials. In the management of acute myocar-
dial infarction (MI), for example, these methods have helped
to demonstrate that fibrinolytic therapy,'™ aspirin,!3*

* For rare adverse effects, however, there may be large propor-
tional differences between one treatment and another, or between
treatment and control. For example, some non-steroidal anti-
inflammatory drugs may substantially increase the risk of gastroin-
testinal bleeding. Rare adverse effects with extreme relative risks
can often be recognized reliably by careful clinical observation, or
by other non-randomized methods, and such relative risks are
sometimes best quantified in case—control or cohort studies.

angiotensin-converting-enzyme (ACE) inhibitors®>”’ and -
blockers® all produce net benefits which, although individu-
ally moderate in size, have together produced a substantial
improvement in the prognosis of acute MI. Similarly, the
demonstration that ACE inhibitors produce moderate reduc-
tions in the risk of death and in the rates of hospitalization for
worsening heart failure,? and that the addition of digoxin fur-
ther reduces the need for recurrent hospitalization,'® has
improved the prognosis of congestive heart failure.

Clinical trials: minimizing biases and
random errors

Any clinical study whose main objective is to assess moder-
ate treatment effects must ensure that any biases and any
random errors that are inherent in its design are both sub-
stantially smaller than the effect to be measured.!'!? Biases
in the assessment of treatment can be produced by differ-
ences in factors other than the treatment under considera-
tion. Observational (that is non-randomized) studies in
which the outcome is compared between individuals who
received the treatment of interest and those who did not,
can be subject to large biases.!® Instead, the guaranteed
avoidance of biases requires the proper randomized alloca-
tion of treatment and appropriate statistical analysis, with no
unduly data-dependent emphasis on specific subsets of the
overall evidence (Table 4.1).12

Avoidance of moderate biases

Proper randomization

The fundamental reason for random allocation of treatment in
clinical trials is to maximize the likelihood that each type of
patient will have been allocated in similar proportions to the
different treatment strategies being investigated.!* Proper
randomization requires that trial procedures are organized
in a way that ensures that the decision to enter a patient is
made irreversibly and without knowledge of the trial treat-
ment to which a patient will be allocated. In situations
where the next treatment allocation can be deduced by
those entering patients, decisions about whether to enter a
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Table 4.1 Requirements for reliable assessment of
MODERATE treatment effects'"'2

1. Negligible biases

(that is guaranteed avoidance of MODERATE biases)

« Proper RANDOMIZATION (non-randomized methods
cannot guarantee the avoidance of moderate biases)

« Analysis by ALLOCATED treatments (that is an
‘intention to treat” analysis)

. Chief emphasis on OVERALL results (with no unduly
data-derived subgroup analysis)

. Systematic META-ANALYSIS of all the relevant
randomized trials (with no unduly data-dependent
emphasis on the results from particular studies)

2. Small random errors

(that is guaranteed avoidance of MODERATE random

errors)

. LARGE NUMBERS (with minimal data collection as
detailed statistical analyses of masses of data on
prognostic features generally add little to the effective
size of a trial)

. Systematic META-ANALYSIS of all the relevant
randomized trials

particular patient may be affected, and those allocated one
treatment might then differ systematically from those allo-
cated another.!® In the Captopril Prevention Project (CAPPP)
trial,!® for example, envelopes containing the antihyper-
tensive treatment allocation could be opened before patients
were irreversibly entered into the study. Highly signifi-
cant differences in pre-entry blood pressure between the
treatment groups, which were too large to have been due
to chance, may well have been the result of this design
weakness.!”

Intention to treat analysis

Even when studies have been properly randomized and
well conducted, moderate biases can still be introduced by
inappropriate analysis or interpretation. One well recog-
nized circumstance is when patients are excluded after ran-
domization, particularly when the prognosis of the excluded
patients in one treatment group differs from that in the
other (such as might occur, for example, if non-compliers
were excluded after randomization). This point is well illus-
trated by the Coronary Drug Project, which compared clofi-
brate versus placebo among around 5000 patients with a
history of coronary heart disease. In this study, patients
who took at least 80% of their allocated clofibrate (“good”
compliers) had substantially lower 5 year mortality than
“poor” compliers who did not (15-0% v 24-6% respectively;
P=0-0001). However, there was a similar difference in
outcome between “good” and “poor” compliers in the
placebo group (15-1% v 28-3%, respectively; P<<0-00001),

suggesting that “good” and “poor” compliers were prognos-
tically different even after allowing for any benefits of actu-
ally taking clofibrate.!® If there is really no difference in
outcome between two treatments, then the least biased
assessment of the treatment effect is that which compares
all those allocated to one treatment versus all those allo-
cated to the other (that is an “intention to treat” analysis),
irrespective of what treatment they actually received.!”

Because some degree of non-compliance with allocated
treatments is unavoidable in randomized trials, intention
to treat analyses will obviously underestimate the effects pro-
duced by full compliance. However, “on treatment” analy-
ses, which compare effects among compliant patients with
those in non-compliant patients, are potentially biased, and it
is more appropriate to calculate an “adjustment” based on
the level of compliance and then to apply this to the estimate
of the treatment effect provided by the intention to treat
comparison.?’ For example, in a meta-analysis of the ran-
domized trials of prolonged use of antiplatelet therapy among
patients with occlusive vascular disease, the average compli-
ance 1 year after treatment allocation seemed to be around
80%.% Application of this estimate of compliance to the pro-
portional reduction of about 30% in non-fatal MI and stroke
estimated from intention to treat analyses of these trials sug-
gests that full compliance with antiplatelet therapy produces
reductions in risk of about 35-40%.

Dangers of data-dependent emphasis on
particular results

In the medical literature a particularly important source of
bias is unduly data-dependent emphasis on particular trials
or on particular subgroups of patients. Such emphasis is
often entirely inadvertent, arising from a perfectly reason-
able desire to understand the randomized trial results in
terms of who to treat, which treatments to prefer, or disease
mechanisms. However, whatever its origins, selective empha-
sis on particular parts of the evidence can often lead to seri-
ously misleading conclusions. This is because the identification
of categories of patients for whom treatment is particularly
effective (or ineffective) requires surprisingly large quantities
of data. Even if the real sizes of the treatment effects do vary
substantially among subgroups of patients, subgroup analy-
ses are so statistically insensitive that they may well fail to
demonstrate these differences. On the other hand, if the real
proportional risk reductions are about the same for every-
body, subgroup analyses can vary so widely just by the play
of chance that the results in selected subgroups may be
exaggerated. Even when highly significant “interactions”
are found, they may be a poor guide to the sizes (or even the
directions) of any genuine differences, as the more extreme
such results may still owe more to chance than to reality.
This is particularly the case when such interactions have
emerged after an overzealous examination of multiple
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subgroups. For example, in the large Second International
Study of Infarct Survival (ISIS-2), the 1 month survival
advantage produced by aspirin was particularly clear (804
vascular deaths among 8587 patients allocated aspirin v
1016 among 8600 allocated placebo; proportional reduction
of 23% (SD 4); P<0-000001).! When these overall results
were subdivided by the patients’ astrological birth signs,
however, no fewer deaths were observed with aspirin than
with placebo among patients born under Libra or Gemini
(Table 4.2). Although few doctors would consider such
analyses to be valid, similarly unreliable conclusions based
on “exploratory” data-derived subgroup analyses are widely
reported in medical journals and at scientific meetings, and
may well have adverse consequences for patient care.

An example of how such subgroup analyses resulted in
inappropriate management of patients is provided by
the early trials of aspirin for the secondary prevention of
stroke. Here, emphasis on the results in men led to a situa-
tion where, for almost 20 years, the US Food and Drug
Administration approved this use of aspirin only for males;
more recent evidence shows this to have been mistaken.*
A further example is provided by the large Italian GISSI-1
trial comparing streptokinase versus control after acute MI.
The overall results favoured streptokinase, but subgroup
analyses suggested that streptokinase was beneficial only in
patients without prior MI. Fortunately, the GISSI inves-
tigators were circumspect about this “finding”,? and their
caution turned out to have been wise, as a subsequent
overview of all the large fibrinolytic trials showed that the
proportional benefits were similar, irrespective of a history of
MI.?! Many thousands of patients with a previous history of
MI might well have been denied fibrinolytic therapy,
however, if the apparent pattern of the results in the GISSI-1
subgroups had been believed.

A similar bias may arise in a situation where several stud-
ies have addressed much the same therapeutic question but
only a few of them are chosen for emphasis. This could be a
source of serious bias, as chance fluctuations for or against
treatment might affect this choice. It is therefore more appro-
priate to base inference on a meta-analysis of results from all
relevant randomized trials (or, at least, on an unbiased subset
of the relevant trials, such as all trials above a certain mini-
mum sample size).?>?* One additional advantage of such an

approach is that such meta-analyses will also minimize ran-
dom errors, because far more patients (and most importantly,
more events) will be available for analysis. The separate trials
might well be heterogeneous, but with careful interpretation
of such heterogeneity it is often possible to enhance under-
standing of particular clinical questions.?* Occasionally, when
detailed information on individual patients is available within
a really large meta-analysis that includes several thousand
major outcomes, such as death?! or cancer recurrence,? it
may be feasible to identify particular groups of individuals in
whom the benefits or hazards of treatment really are espe-
cially great. (Where it has been possible to establish coopera-
tion between trialists before any of the trial results are known,
having just a few prespecified subgroup hypotheses can pro-
vide some protection against unduly data-dependent empha-
sis on particular results in a large meta-analysis.%¢)

Avoidance of moderate random errors

Small trials may produce false negative results

Whereas the avoidance of moderate biases requires careful
attention both to the randomization process and to the
analysis and interpretation of the available trial evidence,
the avoidance of moderate random errors requires large
numbers of events. Because major outcomes such as death
may affect only a small proportion of those randomized,
very large numbers of patients often need to be studied
before the results can be guaranteed to be statistically (and
hence medically) convincing. For example, the early trials of
intravenous fibrinolytic therapy for acute myocardial infarc-
tion were individually too small to provide reliable evidence
about any moderate effects of this treatment on mortality,
although several did identify an increased risk of serious
bleeding. As a result, fibrinolytic therapy was not used rou-
tinely until the GISSI-12 and ISIS-2! “mega-trials” provided
such definite evidence of benefit that treatment patterns
changed rapidly.?’ It is worth noting, however, that GISSI-1
and ISIS-2 both included more than 10000 patients and
1000 deaths, but had they only been one tenth as large the
observed reduction in mortality would not have been con-
ventionally significant, and would therefore have had much
less influence on medical practice.

Table 4.2 Unreliability of “data-dependent” subgroup analyses: ISIS-2 trial of
aspirin among over 17 000 patients with suspected acute myocardial infarction’

Astrological birth sign Vascular death by 1 month P value
Aspirin Placebo

Libra or Gemini 150 (11:1%) 147 (10:2%) (015)

All other signs 654 (9-0%) 869 (12:1%) <0:0001

Any birth sign 804 (9:4%) 1016 (11:8%) <0-0001

36



Clinical trials and meta-analysis

Small-scale meta-analyses may be unreliable

Because meta-analyses are appearing in medical journals with
increasing frequency it is useful to be able to judge the relia-
bility of such reviews — and, in particular, the extent to which
confounding, biases or random errors could lead to mistaken
conclusions. (In randomized trials, “confounding” exists
when a comparison of some particular treatment in one group
versus a control group involves the routine coadministration
in one group, but not the other, of some cointervention that
might affect the outcome.) To avoid any possibility of con-
founding, and to avoid any flexibility in the question of which
trials to consider, meta-analyses should generally include only
unconfounded properly randomized trials. The main prob-
lems that then remain are those of biases and random errors.

Two types of bias could affect the reliability of a meta-
analysis: those that occur within individual trials, and those
that relate to the selection of trials. More empirical research
into the numerous biases that can occur within randomized
trials would be valuable. However, it is clear from existing
studies that, for example, inadequate concealment of the
likely treatment allocation does quite often result in exag-
gerated estimates of treatment effect,?® and that the inap-
propriate postrandomization exclusion of particular patients
is common.?” Such defects have unpredictable conse-
quences for particular trials, however, and no generaliza-
tions about the likely size, or even direction, of the resultant
biases are possible.

A further problem involves the process of identifying all
relevant trials. Unfortunately, the subset of trials that are
eventually published (and hence which are conveniently
available) is often a biased sample of the trials that have
been done. Trials may well be more likely to be submitted
for publication if their results are strikingly positive than if
they are negative or null.>*=3 Such “publication bias” can,
along with other sources of bias, produce surprisingly
impressive looking evidence of effectiveness for treatments
that are actually useless.>* The particular circumstances in
which publication bias has contributed to producing mis-
leading estimates of treatment are difficult to identify, and it
is still more difficult to generalize about the exact size of any
such bias when it does occur.

The problem of incomplete ascertainment is likely to be
particularly acute within small meta-analyses that contain no
more than a few hundred major outcomes and which consist
mainly of small published trials. This is because results from
trials with only a limited number of end points are subject to
large random errors, and such trials are therefore particularly
likely to generate implausibly large effect estimates. If publica-
tion bias then results in emphasis on the more promising of
these small trial results, the resulting summary odds ratios are
likely to be unreliable.>> Hence, unless the particular circum-
stances of a small-scale meta-analysis suggest that publication
bias is unlikely, it may be best to treat such results as no more

than “hypothesis generating”. On the other hand, a thor-
oughly conducted meta-analysis that in aggregate contains
sufficient numbers of major outcomes to constitute “large-
scale” randomized evidence®?!"*” is unlikely to be materially
affected by publication bias and, provided there are no serious
uncontrolled biases (see above) within the individual compo-
nent trials, is likely to be fairly trustworthy — although, even
then, inappropriate subgroup analyses may generate mistaken
conclusions.

Large-Scale Randomized Trials

Trials of the effects of treatments on major outcomes can
only be made large if they are kept as simple as possible. In
particular, as many as possible of the main barriers to rapid
recruitment need to be removed. An important way in
which trial design can facilitate this is to limit the amount of
information that is recorded. For example, data recorded at
baseline can often be restricted to important clinical details,
including at most only a few major prognostic factors and
only a few variables that are thought likely to influence sub-
stantially the benefits or hazards of treatment. Similarly, the
information recorded at follow up need not be extensive
and can be limited largely to those major outcomes that
such studies have been designed to assess, and to approxi-
mate measures of compliance. (Other outcomes that are of
interest but which do not need to be studied on such a large
scale may best be assessed in separate smaller studies, or in
subsets of these large studies when this is practicable.)
Likewise, complicated eligibility criteria, inappropriately
detailed consent procedures®® and unnecessarily extensive
auditing of data can all prevent the recruitment of large
numbers of patients. Furthermore, if trials are complex they
are likely to involve a high cost per patient, which again
tends to limit their size. Either way, complexity is rarely a
virtue in trials designed to assess major outcomes, whereas
simplicity can sometimes lead to the rapid randomization of
very large numbers of patients, and to results that change
clinical practice within very short periods of time. !’

The “uncertainty principle”

For ethical reasons, randomization is appropriate only if
both the doctor and the patient feel substantially uncertain
as to which trial treatment is best. The “uncertainty princi-
ple” maximizes the potential for recruitment within this
ethical constraint (see Box on p 38).

If many hospitals are collaborating in a trial then whole-
hearted use of the uncertainty principle encourages clini-
cally appropriate heterogeneity in the resulting trial
population, and in large trials this may add substantially to
the practical value of the results. Among the early trials of
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The “uncertainty principle”

A patient can be entered if, and only if, the responsible physi-
cian is substantially uncertain as to which of the trial treat-
ments would be most appropriate for that particular patient.
A patient should not be entered if the responsible physician or
the patient is, for any medical or non-medical reason, reason-
ably certain that one of the treatments that might be allocated
would be inappropriate for this particular individual (in compar-
ison either with no treatment or with some other treatment
that could be offered to the patient in or outside the trial).%”

fibrinolytic therapy, for example, most of the studies had
restrictive entry criteria that precluded the randomization
of elderly patients, and so those trials contributed nothing
of direct relevance to the important clinical question of
whether treatment was useful in older patients. Other trials
that did not impose an upper age limit, however, did include
some elderly patients, and were therefore able to show that
age alone is not a contraindication to fibrinolytic therapy.?!

Thus, homogeneity of those randomized may be a serious
defect in clinical trial design, whereas heterogeneity may be
a scientific strength: after all, trials do need to be relevant
to a very heterogeneous collection of future patients. The
“uncertainty principle” not only ensures ethicality and clini-
cally useful heterogeneity, but also is easily understood and
remembered by busy collaborating clinicians, which in turn
helps the randomization of large numbers of patients.

Can observational studies substitute for
large-scale randomized trials?

As the resources will never be available to design large, sim-
ple trials to address all the questions of clinical interest,
there have been several recent suggestions that observa-
tional studies might be able to provide reliable estimates of
the effects of particular treatments. Non-randomized studies
do not necessarily provide inaccurate estimates of the effects
of treatments, but the point is that they cannot be guaran-
teed to produce reliable estimates because of biases that are
inherent in their design. It may well be difficult or impossi-
ble to avoid such biases, or to adjust fully for their effects.3®
When non-randomized studies suggest that certain treat-
ments have surprisingly large effects, such findings are often
refuted when those treatments are assessed in large ran-
domized trials.> For example, the claims of hazards with
digoxin in heart failure,*® based on non-randomized evi-
dence, were not confirmed by the very large randomized
DIG (Digitalis Investigation Group) trial.'® Even if non-ran-
domized comparisons happen to get the right answer then
nobody will really know that they have done so. Thus non-
randomized studies are of little practical value if the primary
aim is to assess moderate treatment effects (whether benefi-
cial or adverse) on major outcomes.

Summary

Many interventions in cardiological practice produce only
moderate effects on major outcomes such as death or seri-
ous disability. However, even a moderate effect of treat-
ment, if demonstrated clearly enough for that treatment to
be widely adopted, can prevent disabling events or death in
substantial numbers of people. Moreover, if — as in the treat-
ment of acute myocardial infarction — more than one mod-
erately effective treatment can eventually be identified, then
the combination of two or three individually moderate
improvements in outcome may collectively result in sub-
stantial health gains. In some instances sufficient informa-
tion is already available from large-scale randomized trials —
or, better still, from meta-analyses of those trials — to allow
the balance of risk and benefit of particular treatments to be
defined for particular patients. But many important ques-
tions have still not been answered reliably, and there
remains a need for many more large “streamlined” mega-
trials, and meta-analyses of such trials, to help resolve some
of the outstanding clinical uncertainties in the management
of cardiovascular disease.
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Finding current best evidence to
practice evidence-based cardiology

Dereck L Hunt, K Ann McKibbon, R Brian Haynes

Staying current with new diagnostic tests, treatments, and
other clinically useful new knowledge in a rapidly evolving
fleld such as cardiology requires effort. Fortunately, this
once daunting task is becoming more feasible because of
new evidence-based information resources and the steady
advance of information technology into clinical settings.
This chapter will review ways to find current best evidence
for the care of patients with cardiac problems, including
both solving patient problems as they arise, and keeping up
with new evidence that is ready for application in clinical
practice.

The patients whom we see on a daily basis provide an
excellent stimulus to staying current. They may have clini-
cal problems that we are unfamiliar with, or that we have
not recently reviewed. They may also present us with
information from the media or friends to evaluate, or ask
us questions that we need to research before answering.
Depending on the type of center in which we work, our
colleagues, teachers, and students may also ask questions or
provide suggestions, making us realize that our knowledge
may be “time-challenged”.

To become proficient in responding to such challenges
(also known as “learning opportunities”), we can make use
of a growing array of specialized information resources,
aided by information technology that can bring access to our
fingertips, almost wherever we may be. To illustrate how
patient contacts can provide us with the stimulus to keep up
to date and be aware of new evidence, consider the follow-
ing scenarios.

1. During your outpatient clinic, you see a 56 year old
woman who recently became your patient after she
moved to your community. She has been diagnosed as
having an idiopathic dilated cardiomyopathy and had
an echocardiogram 6 months ago that revealed a dif-
fusely enlarged left ventricle with no segmental abnor-
malities. The ejection fraction was estimated to be less
than 30%. You review her current condition and note
that her symptoms are controlled on an angiotensin
converting enzyme (ACE) inhibitor, digoxin, and a
diuretic. Still, she complains of fatigue and dyspnea on
moderate exertion. Before leaving, she asks if you can
recommend any other medications that would help.

2. Later that day, you pass through the emergency depart-
ment where an emergency physician happens to notice
you. She has been working up a 65 year old man who
presented with a swollen left calf. He had an ultra-
sound that confirmed the presence of a deep venous
thrombosis. The patient is anxious to return home
because his wife is ill and requires care. The emergency
physician is interested in your opinion on the use of
low molecular weight heparin for the treatment of
deep venous thrombosis in outpatients.

These questions are consistent with the common infor-
mation needs of physicians. For internists, questions arise
at a rate of two questions for every three outpatients seen'
and five questions on average for every inpatient.? No one
knows whether cardiologists confront similar numbers of
questions, but no professional discipline studied to date is
immune from the need to address unanswered questions to
keep up with the advance of knowledge.

How would you address each of the questions raised by
the clinical scenarios? The possibilities include using an
electronic bibliographic database such as MEDLINE, a spe-
cialized abstract journal like ACP Journal Club or Evidence-
Based Cardiovascular Medicine, a current textbook, or the
Cochrane Library. We will consider the strengths and weak-
nesses of these resources and apply them to the clinical
problems.

MEDLINE

MEDLINE is a huge, multipurpose database of medical litera-
ture citations and abstracts produced by the US National
Library of Medicine (NLM). It includes citations to almost all
important clinical studies, and also a much larger volume of
non-clinical studies and articles. Few other resources currently
rival this scope. Accessing MEDLINE is relatively easy.> CD
Rom based systems, online systems, and, most importantly,
internet access are all available. Examples of CD Rom
systems include OVID, Aries, SilverPlatter, and DIALOG.
Online access by modem is available through vendors such as
PaperChase and HealthGate.® Internet access is readily avail-
able (see Medical Matrix (http://www. medmatrix.org)
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and Dr Felix’s Free MEDLINE Page (http://www.beaker.
iupui. edu/drfelix) sites for locations that offer MEDLINE
access). Some of these MEDLINE systems have user fees
but, at least at present, free access is available from many,
led by the NLM PubMed (http://www.ncbi.nlm.nih.
gov/PubMed/) internet site. This site features the earliest
MEDLINE access to newly published articles and point-and-
click search strategies that improve the yield of clinically
useful studies on the cause, course, diagnosis, and treatment
of clinical problems.

If ready access is one of MEDLINE’s strengths, the
skills needed to rapidly and dependably locate high quality
articles that specifically address a clinical question are
a weakness. A working knowledge of MEDLINE searching
terminology and searching strategies is essential. Luckily,
most hospital and university libraries offer training courses
for MEDLINE. The NLM has also established a set of eight
regional medical libraries that are charged with providing
access and training for all US health personnel (+1-800-
338-7657). Physicians in the UK can call the Health Care
Information Service (+44-207-412-7477) for similar infor-
mation, while Canadians can call the Canada Institute for
Scientific and Technical Information (+1-800-668-1222).

Turning to our initial scenario, we are interested in locat-
ing information about new medical therapies for patients
with idiopathic dilated cardiomyopathy. Also, it would be
wise to focus initially on treatments that already have been
adequately tested in well-designed clinical trials.” While
it may be interesting to read about new medications that
are being designed and tested at the laboratory level, or are
undergoing early human testing, this information will not be
immediately applicable in our clinical practices.

Turning to MEDLINE for assistance, we might begin
searching by using a medical subject heading (MeSH) for con-
gestive heart failure. MEDLINE indexers choose appropriate
terms from a thesaurus of 14000 specific terms and 18 000
synonyms for content and methodology. Unfortunately, these
terms are not always intuitive (for example, B blockers
indexed as adrenergic (3 antagonists). Therefore, it is often
necessary to search through the MeSH vocabulary before
carrying out a search. The software for all search systems
includes MeSH, so it is quite easy to search for appropriate
terms. For our topic, a search for CONGESTIVE HEART
FAILURE leads to HEART FAILURE, CONGESTIVE.

Depending on the topic and the scope that you are inter-
ested in covering, you may also want to take advantage of
two additional features of MeSH headings. Because many
articles deal predominantly with two or three topics, the
NLM will indicate these topics for each citation by designat-
ing them as major subjects of the article. Limiting your
search to articles in which the search term has been desig-
nated as the major subject heading will be beneficial if
you retrieve too many citations from using the search term
without “majoring” it. Sometimes, though, you can miss

important studies this way. A trial and error approach may
be needed to retrieve the best studies.

“Exploding” is another useful feature of MEDLINE MeSH
indexing. When articles are indexed, they are classified
according to the most specific MeSH heading available.
Thus, if you wish to identify all articles that deal with con-
gestive heart failure, including those with more specific
MeSH terms such as congestive cardiomyopathy, then you
can do so by searching with the term EXPLODE HEART
FAILURE, CONGESTIVE.

If you are searching for a topic that has not been well
indexed, you may want to take advantage of textword
searching. Using this approach, you are simply asking
MEDLINE to search the titles and abstracts of all the cita-
tions for any occurrences of a certain sequence of letters,
such as “dilated”. This approach is particularly useful for
new drugs or concepts that have not yet been incorporated
into MeSH. MeSH is updated annually, but the lag can be
considerably longer for certain terms.

If several different endings to a word may have been
used, and you wish to identify them all, you can use “trun-
cation”, using the “*” symbol. For example, if you asked
for RANDOM*, MEDLINE would search for RANDOM,
RANDOMIZATION, RANDOMIZED, RANDOMISATION,
RANDOMISED, and RANDOMLY. Be careful with trunca-
tion. The term “salmon*” retrieves not only the fish but
salmonella as well! Some systems may use symbols other
than “*”, such as “:” or “?”.

Returning to identifying new therapies for patients
with significant left ventricular dysfunction, EXPLODE
HEART FAILURE, CONGESTIVE is a good start, but we
need to narrow in on treatments that have been tested
in well-designed studies. Luckily, a number of methodologi-
cal search strategies have been tested and validated for
retrieving sound studies for questions relating to therapy,
prognosis, etiology or cause, and diagnosis (Box 5.1).%°
Alternatively, you can search for a systematic review of
studies. Research is currently ongoing to establish the best
approach to identify systematic reviews and meta-analyses.'®
For our current search, limiting the citations to systematic
reviews and meta-analyses seemed like a reasonable first
step. A simple but not fully validated strategy to identify sys-
tematic reviews and meta-analyses is to identify all citations
in which the publication type is designated as meta-analysis
(note that in addition to indexing articles according to sub-
ject, the NLM also indexes citations according to “publica-
tion type”). Over 40 publication types are recognized,
including “meta-analysis”, “randomized controlled trial”,
and “review”), as well as citations that include the phrase
“meta-anal*” as a textword, and citations that are desig-
nated as reviews in the publication type section, but also
have the textword “MEDLINE” in their abstract. Putting
this all together yielded the search strategy in Box 5.2 using
PubMed.
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Box 5.1 Optimal search strategies for identifying studies relating to treatment, diagnosis, prognosis, or

etiology using MEDLINE
e Treatment
. Bestsingle term:

clinical trial.pt. (“pt” indicates publication type)

Combination of terms with best specificity: placebo:tw. (“tw” indicates textword)

OR double.tw. AND blind:.tw.

Combination of terms with best sensitivity: randomized controlled trial.pt.

o Diagnosis
. Bestsingle term:

OR random:tw.
OR drug therapy (as a subheading of the subject)
OR therapeutic use (as a subheading of the subject)

explode diagnosis

Combination of terms with best specificity: explode “sensitivity and specificity”

OR predictive.tw. AND value:.tw.

Combination of terms with best sensitivity: explode “sensitivity and specificity”

e Prognosis
. Bestsingle term:

OR explode diagnosis (as a subheading of the subject)
OR sensitivity.tw.

OR specificity.tw.

OR diagnostic use (as a subheading of the subject)

explode cohort studies

Combination of terms with best specificity: prognosis

OR survival analysis

Combination of terms with best sensitivity: incidence

o Etiology or cause
. Bestsingle term:

OR explode mortality

OR follow up studies

OR prognos:tw.

OR predict:tw.

OR course:tw.

OR mortality (as a subheading of the subject)

risk.tw.

Combination of terms with best specificity: cohort studies

OR case—control studies

Combination of terms with best sensitivity: explode cohort studies

OR explode risk

OR odds.tw. AND ratio:tw.
OR relative.tw. AND risk:.tw.
OR case.tw. AND control:.tw.

Based on Haynes et a/® and Wilczynski et a/®

Box 5.2

1. Heart failure, congestive 419251 (PubMed automatically explodes MeSH terms)

2. Meta-analysis[pt] 6123 (pt indicates publication type)

3. Meta-anal*[tw] 9683 (iw indicates textword)

4. Review[pt] AND medline[tw] 5156

B, #2 OR #3 OR #4 16637 (the “OR’ means that all citations in either #2 or #3 or #4 will be included)

6. #1 AND #5 141 (the “AND” means that only citations that occur in both #1 and #5 will be identified)

Looking at the titles and abstracts of these articles, you Many alternative ways exist for conducting a MEDLINE

find that one is a meta-analysis on B blockers, and the search, including the one just displayed. Unfortunately,
abstract suggests that these medications are almost certainly because no perfect recipe exists, what works well in one
beneficial. You decide to go to the library to retrieve this situation may not work as well in another. Combining an

paper,!! and then to critically appraise it using the guidelines appropriate content term (HEART FAILURE, CONGESTIVE,

for a systematic review.'?

in this case) with methods terms for reviews (as above) or
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for sound study designs (as in Box 5.1) is a good place to
start. It also has to be considered, however, that such
searches are bound to take some time. This is because of the
general nature of this huge biomedical research database:
it is so large and comprehensive that even the extensive
indexing and care that is taken in preparing it are insuffi-
cient to guarantee quick and accurate retrieval for clinical
uses. Fortunately, many vendors have developed specialized
subsets of MEDLINE for clinical use in cardiology. For
example, Aries (http://www.kfinder.com) offers a cardio-
vascular disease subset (CardLine) on compact disc that you
can subscribe to yourself. Instead of having 1 full year of
MEDLINE on each CD Rom disc, these subsets provide
journals and citations relating to a specific field for inclusion.
For example, CardLine has cardiology citations from
MEDLINE for the 10 most recent years on one disc.

Specialized clinical information resources

While large electronic bibliographic databases such as
MEDLINE can be very helpful, they can also be very frustrat-
ing or overwhelming because of the different ways that
articles can be indexed and because of the vast array of
preclinical and non-clinical literature that is included.
MEDLINE serves many user groups besides clinicians (basic
scientists and other researchers, educators, librarians, jour-
nalists, etc.). An alternative is to use a resource that includes
only methodologically sound and clinically relevant articles,
such as ACP Journal Club (American College of Physicians
(ACP-ASIM)), for internal medicine and its subspecialties,
Evidence-Based Medicine (for all major specialties; from
ACP-ASIM and from the BM] Publishing Group), and the
cardiology journal Evidence-Based Cardiovascular Medicine
(published by Churchill Livingstone). These are available in
both paper and electronic versions. In addition to including
only methodologically sound articles'®> and presenting the
results using a structured abstract format, these journals also
include a commentary written by a clinical expert, designed
to put the study findings into clinical context.

Searching ACP Journal Club (www.acpjc.org) using the
text phrase “low molecular weight heparin” locates several
relevant references, including one directly on target.'* This
report summarizes the findings of two randomized con-
trolled trials comparing intravenous heparin administered in
hospital with subcutaneous low molecular weight heparin
administered at home, and both found that outpatient ther-
apy was as safe and effective as inhospital management.

Other resources

The Cochrane Library is an increasingly valuable source of
evidence summaries and trials of healthcare interventions.

This new electronic database is updated quarterly and
contains the collected work of the Cochrane Collaboration,
an international voluntary organization that prepares, main-
tains, and disseminates systematic reviews of randomized
trials of healthcare interventions. Available on CD Rom and
via the internet (http://www.cochranelibrary.com), the
Cochrane Library consists of three key sections for locating
clinical evidence: the Cochrane Database of Systematic
Reviews (CDSR), the Database of Abstracts of Reviews of
Effectiveness (DARE), and the Cochrane Controlled Trials
Registry (CCTR). The CDSR consists of the full reports of
Cochrane Collaboration systematic reviews as well as proto-
cols for ongoing systematic reviews. DARE is produced by
the UK National Health Services Center for Reviews and
Dissemination located at the University of York. It contains
citations to many non-Cochrane systematic reviews, and
includes structured abstracts for many of them. The CCTR
is a growing collection of over 320000 citations to thera-
peutic intervention trials.

Searching the Cochrane Library is relatively easy and
requires only entering a word or short phrase. The Library
automatically searches all three sections for any relevant
reviews or citations. Applying this to our scenarios, search-
ing using the term “dilated cardiomyopathy” in Cochrane
Library 2001, Issue 4, yields numerous citations: three cita-
tions to completed reviews in the CDSR, seven citations in
the DARE, and 267 citations in the CCTR. The Cochrane
reviews address the role of anticoagulation, antiplatelet
agents, and digoxin in patients with a cardiomyopathy,
and the structured abstracts within the DARE include
a meta-analysis of B blocker studies.!® Doing a similar
search using the term “low molecular weight heparin”
locates numerous references including a Cochrane review
entitled “Home versus in-patient treatment for deep vein
thrombosis”.!® This systematic review was updated in
February 2001 and identified the two studies that were
found earlier using ACP Journal Club.

Textbooks

At this point, you may be thinking about your textbooks.
What role do these have in clinical practice and in particular
with respect to staying current? Textbooks remain an impor-
tant resource for clinicians in terms of anatomy and patho-
physiology, the basics of practice that usually do not change
very quickly, except perhaps for molecular biology. They also
provide descriptions of the classic presentations of numerous
disease conditions and review important aspects of the his-
tory, physical examination, and diagnostic testing. By review-
ing conditions that may present with similar findings, a good
textbook can also help to broaden the differential diagnosis
in more complex cases. These references may also describe
medication adverse effects and pharmacokinetics, and
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may include historical perspectives and practical suggestions
to assist in patient management.

Textbooks, however, are seldom explicit about the quality
or currency of evidence used in recommendations for man-
agement. Also, there is often a passage of 3 or more years
between updates of specialty textbooks, and new studies
may have been published in the interval. Particularly for rap-
idly evolving aspects of management such as laboratory
diagnosis and therapeutics, print textbooks simply cannot be
trusted. Fortunately, we are now seeing the emergence of
CD-ROM and Internet versions of textbooks with regular
updates, such as UpToDate!” and Scientific American
Medicine (SAM).'®

The internet

This brings us to the world wide web, an increasingly useful
resource for locating current information, and one that our
patients are accessing at an increasing rate. We have already
mentioned how MEDLINE, ACP Journal Club and the
Cochrane Library can be accessed over the web. A rapidly
growing number of journals are also available online. A few
examples include the New England Journal of Medicine
(http://www.nejm.org), Annals of Internal Medicine
(http://www.acponline.org), JAMA  (http://jama.ama-
assn.org), BMJ (http://www.bmj.com), and The Lancet
(www. thelancet. com). A number of cardiology textbooks
are also available over the internet, as are many clinical prac-
tice guidelines. Two websites that have extensive cardiology
sections are the Medscape (http://www.medscape.com) and
Medical Matrix (http://www.medmatrix.org) sites.

Journals and browsing to keep up to date

We have focused to this point on looking for evidence when
it is needed. If the search is successful, the evidence can be
applied immediately and this can be a powerful learning
experience. But what if we don’t search for evidence
because we don’t know that we are out of date? A comple-
mentary strategy is needed, browsing the medical literature
regularly in one way or another. The difficulty is that so
many journals include articles relevant to cardiology that
it is impracticable to review them all. One of the best
solutions is to subscribe to a journal such as Evidence-Based
Cardiovascular Medicine that continuously scans a wide
range of journals in a systematic way, according to explicit
criteria, and includes structured abstracts and commentaries
on methodologically sound and clinically relevant studies.

Conclusion

In summary, while the time that we devote to updating our-
selves with new developments is limited, a growing number

of easy-access resources are available so that we can use this
time effectively. MEDLINE is more readily available now
than ever, and is seeding the development of specialty-
specific collections. Journals that abstract only high-quality,
clinically relevant articles are appearing, and systematic
reviews are becoming the norm. Internet-accessible text-
books that are regularly updated are also becoming available.
Applying these resources to clinical care on an ongoing basis
after appraising the quality of information and considering
how it relates to our individual patient’s circumstances can
lead to improvements in the quality of care we provide.

Key points

® New resources are rapidly emerging that make keeping
up to date with clinically significant developments in car-
diology easier than ever.

® Large bibliographic databases, such as MEDLINE, are
becoming more accessible to practicing physicians, and
search strategies for locating high quality studies are
now available.

® Specialty journals, such as  Evidence-Based
Cardiovascular Medicine, that identify and abstract
methodologically sound and clinically relevant studies,
also facilitate the ongoing process of staying current.
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6

Mark Hlatky

Introduction

Economics is concerned with how to allocate scarce
resources among alternative uses efficiently and effectively.
It is a fundamental principle of economics that resources are
limited relative to human wants, and that those resources
have alternative uses.! Consequently, when people say that
the cost of health care has grown too high, they mean that
the quantity of resources flowing toward medical care has
grown to the point where additional funds cannot be spent
on other things that society values, such as education, pub-
lic safety, environmental protection, public works, pensions
for the retired or disabled, or assistance to the poor. The fact
that most people put a very high value on health does not
mean that they are willing to provide limitless resources to
medical care. Indeed, even the goal of improving health and
longevity may also be served by non-medical expenditures
on programs such as nutritional supplements, a safe and
clean water supply, police and fire protection, or safety
improvements to roads, as well as by medical expenditures.

The cost of medical care has been rising steadily for the past
50 years, but it has only been in the past decade that the level
of expenditures became so large as to cause alarm among

Table 6.1 US national healthcare expenditures, 2000

Category US$ (X10°) Percentage
Hospital care 4121 32
Physician services 2864 22
Other professional services 990 8
Drugs, supplies 1716 13
Nursing home care 922 7
Home health care 324 2
Other personal health care 367 3
Administration 809 6
Public health 442 3
Research 25:3 2
Construction 18:6 1
Total 12995 100

Source: Health Affairs 2002;21:207-18

Understanding concepts related to
health economics

policy makers, payers, and the general public (Table 6.1).
The steady expansion of health care has now begun to meet
substantial resistance in the large industrial countries, and
new policies and payment mechanisms have been introduced
to contain the rising cost of medical care. As a consequence,
physicians must now consider cost as they design programs to
prevent, diagnose, and treat disease. Cardiovascular diseases
consume a large share of health care resources (Table 6.2), so
cardiovascular specialists must be particularly knowledgeable
about health economics. This chapter will attempt to outline
the major principles of health economics relevant to cardio-
vascular medicine. First, some general concepts of health eco-
nomics will be presented. Second, methods to identify and
compare the costs of cardiovascular interventions will be
described. Finally, the principles of cost effectiveness analysis
will be discussed.

Table 6.2 Resources devoted to cardiovascular care in
the USA

Category n (X10%) Percentage
(of total)
Deaths® 934 39
Hospital admissions® 6344 20
Myocardial infarction 829
Heart failure 962
Cerebrovascular disease 961
Operations and 6133 15
procedures®
Cardiac catheterization 1271
Coronary bypass 355
surgery
Coronary angioplasty 599
Pacemaker-related 336
Physician office visits® 59996 8
Electrocardiograms 22596
Prescriptions® 176839 16

Sources: 2NCHS Monthly Vital Statistics Report 2001;
49:12

bNCHS Advance Data 2001 (No. 319)

¢NCHS Advance Data 2001 (No. 322)
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General concepts

Various societies have adopted different systems to pay for
health care, and these systems reflect societal values and the
historical experience within each country. The United
Kingdom has a national health service, Canada has national
health insurance, France and Germany have public/private
financing for health care, and the United States has a per-
plexing and rapidly evolving patchwork of public and pri-
vate health insurance systems. These are very different
systems to finance health care, and yet each is faced with
the same issues of how to allocate the limited resources
available to best provide health care. Each country is also
facing the same steady rise of healthcare costs, despite the
wide differences in the ways they finance health care.

Provision of cardiovascular services requires resources in
all societies, irrespective of the method of financing or deliv-
ering health care. Coronary bypass surgery, for example, is
very resource-intensive, with the operation requiring car-
diac surgeons, a cardiac anesthesiologist or anesthetist, a
perfusionist, several nurses, and considerable quantities of
specialized supplies and equipment. Postoperative care also
requires skilled nurses and physicians, with support from
specialized supplies, equipment, and facilities. Each health
professional involved in cardiac surgery spends the scarce
resource of time to care for the patient — time that could be
put to other valuable uses, such as care for other patients.
The drugs used, the disposable supplies, the operating room
equipment, even the hospital building, all cost money. All of
these are true costs to the system, even if the coronary
bypass operation is performed “for free” — that is, without
charge to the patient. The scene in the operating room, the
postoperative recovery areas, and the hospital wards is
much the same in the United Kingdom, Canada, France,
Germany, and the United States despite the different ways
these societies pay for medical care. The resources used in
the care of patients, and the increasing sophistication of that
care, drive healthcare costs up in each of these countries,
irrespective of the way such care is paid for.

Another basic concept of economics is the so-called “law of
diminishing returns”. This concept is illustrated in Figure 6.1,
in which the quantity of resources used in health care is
plotted on the horizontal axis, and the resulting health ben-
efits on the vertical axis. In the case of the patient with an
acute myocardial infarction, for example, survival would be
improved as more resources are applied, such as prehospital
transportation, electrocardiographic monitoring, access to
defibrillation, and a competent team to deliver coronary
care. Outcomes might be further improved by reperfusion
therapy, but with a greater increment in survival from using
a cheaper, basic approach (streptokinase, for example) rela-
tive to no therapy, than from more expensive alternatives
(such as tissue plasminogen activator (tPA) or PTCA). The
extra benefit from adding even more aggressive care will be

Health outcomes

Resources

Figure 6.1 General relationship between increasing health-
care resources (horizontal axis) and health outcomes (vertical
axis). At point A, outcomes are improving rapidly with increased
resources and treatment is cost effective. At point B, outcomes
are still improving with increased resources, but at a rate that is
not cost effective. At point C, increased resources are no
longer improving outcome (that is, “flat of the curve”), and at
point D increased resources actually lead to worse outcomes,
through iatrogenic complications and overtreatment.

smaller still, and at some point the patient may be harmed
by overly aggressive care. Helping physicians define the opti-
mal point on this curve (Figure 6.1) is one of the goals of
economic analysis.

Determination of costs

The cost of producing a particular healthcare service can be
defined in a variety of ways. The cost of performing a coro-
nary angiogram can be used as a specific example that will
illustrate the various aspects of cost and how the cost might
be measured. Performing a coronary angiogram requires a
variety of resources, including radiographic equipment,
trained personnel (including an angiographer and technical
assistants), and specialized supplies such as catheters, radi-
ographic contrast, and sterile drapes. The equipment
needed is very expensive to purchase, and the healthcare
facility where it is installed may require special renovations
to assure proper radiation shielding and adequate electrical
power. The capital cost for a coronary angiography labora-
tory will be considerable, perhaps $2-3 million, depending
on the type of equipment purchased. The laboratory will
have a physical lifespan of perhaps 7-10 years, although
technologic innovations may lead to replacement of the
equipment before the end of its physical lifespan. The cost of
building an angiography suite represents a large fixed cost
for coronary angiography, a cost that is roughly the same
whether the laboratory performs 200 or 2000 angiograms
per year. The cost per case is lower in the high volume labo-
ratory, however, because the fixed equipment costs can
be spread over more cases. Thus, if the equipment costs
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$2-5 million and has a useful life of 10 years, the prorated
share of fixed costs for each patient in the low volume labo-
ratory performing 200 cases per year is

$2500000
(200 cases/yr)(10 years)

whereas in the high volume laboratory (2000 cases per
year) the prorated share of fixed costs per case would be

$2500000
(2000 cases/yr)(10 years)

Procedures that have high fixed costs will be performed
with greater economic efficiency in centers that have suffi-
cient volume to spread those fixed costs over a larger
number of individual patients. (There may be additional
advantages to larger procedure volumes as well, since the
technical proficiency is higher and clinical outcomes of
many procedures are usually better when performed in
higher volume clinical centers.)>* Procedures with lower
fixed costs will have a smaller effect of volume on costs.

In contrast to the fixed equipment costs, the cost of sup-
plies consumed in performing coronary angiography varies
directly with the volume of cases performed, and the supply
cost per case will be fairly constant irrespective of the vol-
ume of cases performed (apart from the small effect of dis-
counts available to large volume purchasers). The cost of
laboratory staff falls in between these two extremes, in that
the hours worked in the catheterization laboratory by tech-
nical staff can be varied somewhat according to the volume
of cases performed, but some staff effort is required regard-
less of patient volumes, such as supervisors.

Hospital overhead is also a real cost, but one that is less
directly linked to any one medical service or procedure.
Hospitals must pay for admitting offices, the medical records
department, central administration, the laundry service, the
cafeteria, housekeeping and utilities, to name just a few
areas. These costs cannot be tied easily to the coronary
angiography procedure in the same way as the cost of the
catheters or radiographic contrast. Most facilities assign a
share of these costs to patient care services according to a for-
mula such as the step down method. Discussion of specific
methods to allocate hospital overhead is beyond the scope of
this chapter, but can be found in several articles and books.>®

The overall effect of procedure volume on the cost per
case is illustrated in Figure 6.2. In general, the cost per case
declines as more cases are performed, up to the limit of the
facility’s capacity (for example, 2000 cases). If volume
increases further, more facilities must be built, increasing
the cost per case, as more fixed costs are spread over a few
more patients. Figure 6.2 also illustrates the distinction
between concepts of “marginal cost” and long run “average
cost”. The marginal cost is the added cost of doing one more
case. In an already equipped and staffed coronary angiogra-
phy laboratory, the marginal cost of performing one more

Fixed costs/case = = $1250/case

= $125/case
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Figure 6.2 Cost per case for coronary angiography as a
function of clinical volume. Assumes fixed costs per laboratory
of $250000 per year, and marginal (that is, variable) costs of
$250 per case. When volume reaches 2000 cases per year in
a laboratory, the model assumes an additional laboratory will be
built. The dotted line indicates the “long run average” cost per
case of $376.

procedure is just the cost of the disposable supplies con-
sumed in the case: the catheters, radiographic contrast, and
other sterile supplies. In the example of Figure 6.2, the mar-
ginal cost is $250 per case. The marginal cost is lower than
the average cost per case ($375 per case), which also
includes a prorated share of the salaries of the laboratory
staff, depreciation of the laboratory equipment costs, and
the facility’s overhead costs.

Costs v charges

Costs and charges are related but distinct concepts. The cost
of a medical service represents the value of the resources
required to produce it. The charge for a service is a specific
form of reimbursement to healthcare providers in a fee-for-
service healthcare system. The cost and charge for provid-
ing a service should be quite close to one another in a
competitive economic market. The reason is simple: if one
provider charged an amount much higher than it actually
cost to provide a service, a competitor could offer the same
service at a lower price and still come out ahead. Con-
versely, if a provider charged less than the costs of produc-
tion, the provider would lose money. These basic economic
principles have not applied very well to medical care, at
least until recently, because medical care has not had signif-
icant competition on prices.

In regulated or non-price competitive healthcare sys-
tems, the charge (price) for a service need not bear a close
relationship to the cost of producing a service. Hospitals
might choose to set high prices for some services, such as
coronary bypass surgery, and use the excess revenues to
subsidize other services that were less well reimbursed,
such as the emergency department or, in academic centers,
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medical education, and research. With greater price sensi-
tivity on the part of healthcare payers, the subsidization of
one medical service with the proceeds of another service
has been sharply curtailed. While this trend has had the pos-
itive effect of bringing an element of economic reality to
medicine, it has also caused dislocations and considerable
harm as worthwhile endeavors have lost the funding they
previously enjoyed from cross-subsidization. In the long run,
medical education, clinical research, and services to unin-
sured or poorly insured patients should receive direct fund-
ing to replace the indirect funding by cross-subsidies, but in
the transition these endeavors have been threatened due to
loss of a traditional funding base.

Estimation of costs

The cost of providing a specific service, such as coronary
bypass surgery, can be established in several alternative
ways. In principle, one valid way to measure cost would be
to identify a competitive market for medical service, and
note the charge (price) for coronary bypass surgery in that
market. While competitive market pricing might work well
for commodities such as consumer electronic devices or
farm products, it is not well suited to medical care, where
there are few competitive markets. An alternative method
to measure cost is to take note of the charge for a service,
and apply correction factors to estimate cost more accu-
rately. A third method to estimate costs is to examine in
detail the resources used to provide a service, and apply
price weights to the resources used:
Cost;= >, (Quantity); X (Price);

1

The use of these different approaches to cost determina-
tion is illustrated by a study that estimated the costs savings
achievable by substituting coronary angioplasty for coronary
bypass surgery.” In that study, hospital billing records were
used to construct resource consumption profiles for patients

undergoing either angioplasty or bypass surgery for the
treatment of stable angina. A microcosting approach was
then applied to the resource consumption profiles, with the
cost of a specific resource (for example, an electrocardio-
gram) defined either as the cost of supplies only (marginal
cost or variable cost) or as the cost of supplies, personnel
and equipment, but omitting overhead (average direct cost).
Charges on the billing record for a service were also con-
verted to costs by two different correction factors, also
known as ratios of cost to charges. One cost—charge ratio
included all direct costs of providing a service (supplies, pet-
sonnel, and equipment), but omitted hospital overhead (for
example, medical records, laundry, utilities, administration).
The second cost—charge ratio allocated a share of hospital
overhead to each service in addition to its direct costs.

As shown in Table 6.3, the cost savings attributable to
substitution of angioplasty for bypass surgery varied consid-
erably according to how costs were defined. The lowest cost
savings are evident when only marginal costs are included,
and fixed cost and overhead excluded. The average direct
cost difference is intermediate in value, and comparable
estimates of this cost savings were obtained from the use of
resource consumption profiles and cost weights (method 2)
or the cost-to-charge ratio method that omitted overhead
(method 3). Finally, the inclusion of overhead (method 4)
led to the highest absolute difference in costs.

The differences in cost as estimated using these methods is
directly related to the issue of how the information is to be
used or, put another way, depends on the answer to the ques-
tion, “cost to whom?”. A hospital manager might be most
interested in the marginal cost of procedures (method 1) in
looking at the effect of adding or subtracting a small number
of cases to the volume performed in an institution. Under a
fixed budget for cardiac services, for instance, the effect of
substituting angioplasty for bypass surgery may be small,
given that the personnel, equipment, and overhead are
largely fixed. Performing a few extra procedures with exist-
ing facilities adds very little cost from the perspective of the

Table 6.3 Effect of different definitions of cost on the savings possible by substitution of coronary

angioplasty for bypass surgery

Definition of cost PTCA cost ($) CABG cost ($) Difference ($) PTCA/CABG
ratio (%)
Variable cost only 2672 4607 1935 58
Average direct cost
By microcosting 4073 8666 4593 47
By ratio of cost-to-charges 4935 10281 5346 48
Average cost + overhead 7530 15367 7837 49
Charges 9556 19 644 10088 49

Source: adapted from Hlatky et al”
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head of a clinical service or a hospital manager. They may
even be willing to perform a modest number of additional
cases at a reimbursement level below their actual average
cost, but above marginal cost, in order to increase volume
and spread their fixed costs over more patients. Thus, mar-
ginal or variable costs are quite relevant to decision makers
within the institution providing a service.

The perspective of a policy maker or health planner
includes a longer time horizon and the possibility of adding
or subtracting substantial volumes of clinical services. From
this perspective, no cost is truly fixed, for personnel needs
can be adjusted, and the number of facilities providing a
service can be altered. This perspective is a broader one, and
the costs considered are therefore more inclusive. For most
policy level discussions, long run average cost is the most
relevant measure.

International perspectives

With the advent of large multicenter clinical trials that
enroll patients from several countries, interest has devel-
oped in cost comparisons between countries for the same
service. Cost estimation as part of large randomized trials
will enhance clinical decision making, for the randomized
design is the strongest way to compare all outcomes of ther-
apeutic alternatives, including cost. Extension of cost com-
parisons across national borders introduces a number of
technical and conceptual issues that deserve discussion.

Different countries measure cost in their respective
national currencies, so that readers in another country need
to convert between units (for example, pounds sterling or
euros to US dollars). These conversions can be done using
currency exchange rates, or the closely related purchasing
power parity factors. The differences between countries in
units of measurement are important, but this issue is fairly
simple to address.

A more thorny issue in international comparisons is dif-
ferences in the relative prices of the resources used to pro-
vide a service and differences in resource profiles used to

provide a service. Thus, if the cost of service jis defined as
Cost; = > (Quantity); X (Price);

then cost may differ among countries due to either differ-
ences in the quantity of resources used to provide a service,
price differentials for the same resources, or both. A specific
example will help illustrate these concepts (Table 6.4). Care
of a patient with acute myocardial infarction given throm-
bolysis includes the cost of the drug, the cost of basic hospi-
tal care, and the cost of additional tests and treatments
in the convalescent phase. Table 6.4 presents hypothetical
costs of basic care in two countries, with monetary values
expressed in dollar units for simplicity. The costs of drugs in
Country 1 are higher than in Country 2, where drug prices
are strictly regulated. The time spent by the hospital staff
to care for the patient are quite similar in Country 1 and
Country 2 (50 hours per patient for Treatment A and 54 for
Treatment B, a difference due to lower complication rates
with Treatment A). The average hourly compensation for
hospital staff is, however, higher in Country 2, so that total
personnel costs are higher as well. Thus, both cost savings
and the relative costs of Treatment A and B are different in
these two healthcare systems, due to different prices for the
same resources used to care for a myocardial infarct patient.

There may also be differences in the level of resource use
between countries, especially for discretionary procedures
such as coronary angiography. Suppose that the use of
Treatment A cuts the use of coronary angiography by one
third, partially offsetting the higher cost of the drug. If, how-
ever, the baseline rates of angiography are different between
countries, the cost implications of reducing angiography by
one third in each country will be quite different (Table 6.5).
A reduction by one third in the high rate of angiography in
Country 1 (from 60% to 40%) provides a $200 cost offset
per patient, whereas a reduction by one third in the low rate
of angiography in Country 2 (from 20% to 15%) provides
only a $50 cost offset per patient.

International comparisons of the cost of therapies can
thus be affected by (a) differences in resource use patterns
that reflect differences in practice style and the organization

Table 6.4 Effect of differences in medical prices on costs of alternative treatments

Country 1 Country 2
Tx A TxB Tx A Tx B
Drug ($) 2000 200 1500 150
Nursing hours 50 54 50 54
Nursing wages ($) 30 30 35 35
Total ($) 3500 1820 3250 2040
Cost savings (A—B) ($) 1680 1210
Cost ratio B/A 52% 63%

Abbreviation: Tx, treatment
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Table 6.5 Effect of differences in resource utilization on costs of alternative treatments

Country 1 Country 2
TxA TxB TxA TxB
Drug/nursing ($) 3500 1820 3250 2040
Coronary angiography 40% 60% 10% 15%
Angio cost ($) 1000 1000 1000 1000
Total ($) 3900 2420 460 2190
Cost savings (A—B) ($) 1480 1160
Cost ratio (B/A) 62% 65%

Abbreviation: Tx, treatment

of medical care, and (b) by differences between countries in
the prices attached to specific resources, such as healthcare
wages, drugs, and supplies. Data from cost studies can be
most readily applied in different practice environments if the
study provides information on both resource consumption
patterns and price weights attached to the specific resources
used, as well as a summary cost measure. This detail is
needed for readers to understand the applicability of the
cost findings to their own practice settings.

Cost effectiveness analysis

The cost of providing a particular medical service can be
measured, but determination of whether the service pro-
vides good value for the money spent is a more difficult
judgment. Cost effectiveness analysis is a method of weigh-
ing the cost of a service in light of the health effects it con-
fers in an attempt to facilitate the ultimate value judgment
about whether the service is “worth” the cost.

Cost effectiveness analysis is one of several alternative
analytic methods, each with its own strengths and limita-
tions.” If two alternative therapies are either known to yield
identical results or can be shown to be clinically equivalent,
they can be compared on the basis of cost alone. This form
of analysis, which is termed “cost-minimization analysis”, is
particularly appropriate to commodities such as drugs, sup-
plies, and equipment that can be expected to yield equiva-
lent results when applied clinically. In such situations, the
relative costs of the alternatives become the predominant
consideration.

Many alternative therapies are known to differ both in
clinical outcomes and in cost. In this situation, both the dif-
ference in cost and the difference in effectiveness of the
therapeutic alternatives must be measured and weighed
against each other. When the effectiveness on intervention
is measured in clinical terms (for example, lives saved, years
of life added), the analysis is termed “cost effectiveness”. If
the clinical measures of effectiveness are translated into
monetary units, the term “cost—benefit analysis” is applied.

Cost-benefit analysis has been used to guide public policy in
areas outside of medicine, such as in the construction of
transportation systems or whether to remove or reduce
environmental exposures. Cost—benefit analysis measures
the effects of programs in monetary terms, so that net cost
(in dollars) can be compared with net benefits (in dollars).
Since there is great reluctance on the part of physicians and
health policy makers to assign a dollar value to saving a life
or improving a patient’s function, cost effectiveness analysis
rather than cost—benefit analysis has been applied predomi-
nantly to medical problems.

Cost effectiveness analysis was first applied to medical
programs only 25 years ago®’ and has since been widely
used.'%12 The principles of cost effectiveness analysis for
medical programs have recently been examined in detail by
a Task Force convened by the United States Public Health
Service.!>"1> A group of experts attempted to establish con-
sensus on a humber of methodologic issues, with the goal
of standardizing the technical aspects of cost effectiveness
analysis among studies, thereby enhancing their comparabili-
ty. The principles articulated by this group are reasonable,
and should guide this important field in its next 20 years.

A basic principle of cost effectiveness analysis is that the
analysis should compare alternative programs, and not look
at any single program in isolation. Thus, a drug to treat life-
threatening arrhythmias might be compared with placebo,
or an implantable cardioverter defibrillator might be com-
pared with a drug. In essence, cost effectiveness analysis
must always answer the question “cost effective compared
with what?”.

Another principle is that the costs included in cost effec-
tiveness analysis should be comprehensive. The cost of a spe-
cific therapy should include the cost of the intervention itself
(for example, thrombolytic therapy for acute myocardial
infarction) and the costs of any complications the therapy
induced (for example, bleeding), less any cost savings due to
reduction of complications (such as, heart failure). The need
for other concomitant therapy should also be included,
which is particularly important when assessing the cost effec-
tiveness of screening programs or diagnostic testing strategies.
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The length of follow up should be sufficient to include all
relevant costs and benefits — such as readmissions to the
hospital due to treatment failures. Non-monetary costs dir-
ectly related to the medical intervention should also be inc-
luded, such as the cost of home care by the patient’s family,
since omission of these costs would bias assessments toward
programs that rely on unpaid work by family members or
volunteers. Other costs not directly related to the interven-
tion, however, such as the patient’s lost wages or pension
costs, are omitted by convention from the measured costs in
a cost effectiveness analysis.

Another important issue in cost effectiveness analysis is
the perspective taken by the analysis. There is general agree-
ment that the analysis should include all relevant costs,
regardless of who pays them. This principle is known as
“taking the societal perspective”, and it assures a complete
accounting of costs in the analysis. A hospital, for instance,
may not care about the out of pocket costs paid directly by
the patient, but these are real costs and should be consid-
ered in the analysis.

Medical costs may accrue over long periods of time, espe-
cially in preventive programs or the treatment of chronic
disease. Time scales of more than a year or so bring up
two related but distinct issues — inflation and discounting,.
The nominal value of any currency changes over time; a
dollar in 1977 had more purchasing power than a dollar in
1997. Studies conducted over long time periods will need to
correct for the changing value of currencies, typically by
application of the Consumer Price Index (or the GDP defla-
tor). Application of the Consumer Price Index removes the
effect of inflation, but does not address the separate issue of
time preference for money. Even in a country free of infla-
tion, citizens would prefer to receive $100 today than a
promise they will be paid $100 in a year. One might have to
promise to pay more money in a year, say $103, to compen-
sate for the delay. The same is true in health programs: we
would prefer to be paid today instead of in the future, and
we would also prefer to pay our obligations in the future
rather than today. Use of a discount rate provides a way
to correct for the lower value of future costs relative to cur-
rent costs. The technical experts’ consensus is that future
costs should be discounted at a rate equivalent to the inter-
est paid on safe investments such as government bonds
in an inflation-free environment, or about 3% per year. The
effect of alternative discount rates between 0% and 5-10%
per year should also be checked to document the sensitivity
of the analysis to future costs.

In summary, a cost effectiveness analysis should include
all medical costs, including those of complications of ther-
apy and adverse effects prevented. The study should be of
sufficient duration to measure all relevant costs and benefits
of the treatment. All costs and benefits should be included,
regardless of who bears or receives them. In studies cover-
ing more than a year or so, corrections should be made for

inflation, and 3% per year discount rate should be applied to
follow up costs.

Measuring effectiveness

The effectiveness of an intervention in practice can be meas-
ured in a variety of ways, with different outcome measures
most appropriate for specific applications. Physiologic end
points are often used in clinical trials, with the result of ther-
apy assessed by a laboratory measure such as millimeters of
mercury for blood pressure or episodes of non-sustained
ventricular tachycardia on an electrocardiographic monitor.
Laboratory measures are useful in judging the physiologic
effects of therapy and its mechanism of action, but these
surrogate markers may not predict the ultimate effect of
therapy on mortality and morbidity, as vividly illustrated
by the results of the Cardiac Arrhythmia Suppression Trial
(CAST).!6 Physiologic end points are also tied closely to one
specific disease, making comparisons against other bench-
mark therapies difficult. The patient and public are most
concerned with the effect of therapy on survival and on
their ability to function — that is, upon the length of life and
the quality of life. A common denominator measure of effec-
tiveness is thus the life years of expected survival, or the
quality adjusted life years (QALYs). This measure is relevant
to patients and to the public and can be applied to virtually
any therapy.

Mortality is a common end point in clinical trials, and
leads directly to the measure of life years of survival. The
mean life expectancy of a cohort of patients is equal to the
area under a standard survival curve. The difference in life
expectancy between two therapies is therefore equal to the
difference in the areas under their respective survival
curves. Since many clinical studies do not follow patient
cohorts long enough to observe complete survival times for
all patients, some assumptions and modeling of long-term
survival may be needed to estimate the full survival benefit
of therapy for a cost effectiveness analysis.!”

Improvement in quality of life is often as important to
patients as reducing mortality, and it is often the main goal of
therapies, such as the relief of disabling angina or improve-
ment in exercise tolerance. A quality of life measure can be
translated into a scale that ranges from a low of 0-0 (the
worst possible health state, usually taken as death) to 1-0
(perfect health). This quality of life measure is multiplied by
the length of time a patient spends in the health state to yield
a quality adjusted life year (QALY). Thus:

QALY = > QX ¢

where QALY = the quality adjusted life years, Q = the qual-
ity factor for follow up period “i” and # = the length of time
spent in period “i”. This equation shows that the effective-
ness of a treatment, as measured in QALYs, can be improved
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by either enhancing the patient’s quality of life (Q) or the
patient’s length of life (&), or both.

Calculation of cost effectiveness

After the costs of therapy and the medical effectiveness of
therapy have been assessed, cost effectiveness (CE) can be
calculated as:

. Cost, — Cost;
CE ratio = —QALY2 ~OALY,
where Cost; and Cost, represent the costs of program 1 and
program 2, respectively, and QALY; and QALY, represent
the effectiveness of programs 1 and 2, respectively.

There are several implications of using this formula. First,
cost effectiveness ratios that are positive (that is, >0) result if
and only if one alternative has both higher cost and greater
effectiveness — that is, Cost, > Cost; and QALY, > QALY (or
the reverse: Cost, < Cost; and QALY, < QALY,). Cost effec-
tiveness ratios of <O are not generally important for decision
making, since they arise only when one alternative has both
lower costs and greater clinical effectiveness than the other
(for example, Cost, > Cost;, and QALY, <QALY;). In this
case, program 1 is superior in all respects: it has better out-
comes and lower cost than program 2, and thus is said to
“dominate” the alternative. The decision of which program
to recommend is therefore simple.

Another important implication of the formula used to cal-
culate cost effectiveness is that the ratio is undefined when
the two alternatives provide equal outcomes, since when
QALY, = QALY; the denominator in the cost effectiveness
ratio is equal to zero. The implication is that when the dif-
ference in outcomes between two programs is negligible,
cost effectiveness analysis is unnecessary, and the choice
between two alternatives can be based on cost alone (that
is, cost minimization analysis is more appropriate than cost
effectiveness analysis).

Most commonly, one of two therapeutic alternatives has
higher costs and greater effectiveness, and use of the for-
mula yields a cost effectiveness ratio greater than zero. One
treatment may have a cost effectiveness ratio of $5000 per
year of life saved, and another might have a ratio of $75 000
per year of life saved. Since it is problematic to assign a dol-
lar value to life, interpretation of these ratios is best made by
consideration of benchmarks — other generally accepted
therapies that serve as a rough gauge to an “acceptable” cost
effectiveness ratio. Renal dialysis is a form of therapy that
most people would consider expensive, and yet dialysis is an
intervention that the USA and most other industrialized
countries provide as a life saving therapy. The end stage
renal disease program in the USA costs about $35000 a
year per patient, and if this therapy were withdrawn the

patient would die. Thus, renal dialysis has a cost effectiveness
ratio of $35000 per year of life saved (or if one considers
the reduced quality of life for a dialysis patient, perhaps
$50000 per quality adjusted year of life saved). Therapies
with cost effectiveness ratios considerably more favorable
than renal dialysis (that is, <$20000) would be considered
very cost effective, whereas therapies with cost effective
ratios much higher (say >$75000) would be considered
too expensive.

Different societies may come to different conclusions
about the level of cost effectiveness they consider good value.
Wealthy countries with high per capita incomes are more
willing to pay for expensive therapies than are poor coun-
tries. For instance, the percentage of gross domestic product
and per capita health spending in Eastern Europe is much
less than in Western Europe or North America, and these
countries have not chosen to provide expensive services
such as bypass surgery as readily or as frequently.

Decisions about funding programs might be more equitable
and rational when guided by the relative cost effectiveness
of programs. When studies use similar methods to measure
cost and effectiveness, cost effectiveness ratios can be com-
pared to rank the economic attractiveness of alternatives.
Tables comparing various treatments, such as Table 6.6, have
been termed “league tables” because of their similarity to the
athletic league standings published in newspapers. Given
the uncertainty inherent in measuring cost and effectiveness
of medical interventions, and the methodologic variations
among studies, only relatively large differences in cost effec-
tiveness ratios should be considered significant. Thus, a
program with a cost effectiveness ratio of $5000 per life year
added is much better than one with a ratio of $30000.
Programs with ratios of $25 000 and $30 000 are so close that
no firm conclusion about the relative values should be drawn.

Patient selection and cost effectiveness

Drugs and procedures in medicine are applied to different
patient groups for different clinical indications. The medical
effectiveness of therapies varies considerably according to
patient selection. Cholesterol lowering therapy, for instance,
will extend the life expectancy of a patient with multiple
cardiac risk factors more than it will for a patient with the
same cholesterol level and no other cardiac risk factors.
Coronary bypass surgery provides greater life extension to a
patient with left main coronary artery obstruction than it
does to a patient with single vessel disease.'® The cost effec-
tiveness ratio for these therapies will therefore vary among
patient subgroups due to the impact of patient characteris-
tics on the clinical effectiveness of therapy, which forms the
denominator of the cost effectiveness ratio. Similarly, the
cost of a particular therapy may also vary according to
patient characteristics, since the therapy itself may be more

53



Evidence-based Cardiology

Table 6.6 Cost effectiveness of selected cardiovascular therapies

Strategy Patient group Cost effectiveness?
Lovastatin Post MI Saves dollars and lives
Men 45-54
Chol =250
Enalapril CHF Saves dollars and lives
EF<35%
Radio frequency ablation WPW, post cardiac arrest Saves dollars and lives
Physician counseling Smoking $1300
B blocker Post-MI $3600
High-risk
CABG Left main CAD $9200
Severe angina
B blocker Post-MI $20200
Low-risk
Lovastatin Primary prevention $20200
Men 55-64
Chol>300
Three risk factors
tPA Acute MI $32800
ICD Sustained VT $35000
CABG Two vessel CAD $42500
Angina
Lovastatin Primary prevention $78300
Men 55-64
Chol>300
No other risk factors
Exercise ECG Asymptomatic 40 year old men $124400
CABG Single vessel CAD $1142000
Mild angina
Lovastatin Primary prevention $2024 800
35-44 year old women
Chol >300

No other risk factors

2 $ values, dollars per year of life added.

Abbreviations: CAD, coronary artery disease; CHF congestive heart failure; Chol,
Cholesterol; ICD implantable defibrillator; MI, myocardial infarction; VT, ventricular
tachycardia; WPW, Wolff—Parkinson—White syndrome; See glossary for other abbreviations
Source: adapted from Kupersmith et al'9~'2

or less expensive according to different patient subgroups, effectiveness analysis relies more on the assessment of med-
or the likelihood of costly complications may be higher or ical effectiveness than it does on determination of cost.
lower in different groups of patients.

The clinical effectiveness of a therapy is generally the most Diagnostic tests and cost effectiveness
important factor determining cost effectiveness. The reason
for this importance is (a) that clinical effectiveness of a therapy Cost effectiveness analysis has been applied primarily to
generally varies more among patients than does the cost of assess specific therapies or therapeutic strategies, for which
therapy, and (b) the value of the cost effectiveness ratio is more it is natural to measure effectiveness in terms of patient out-
sensitive to changes in the denominator (effectiveness) than to come. The principles of cost effectiveness can be extended
changes in numerator (cost). In the last analysis, a therapy to analyze screening tests and diagnostic strategies as well,
must be clinically effective before it can be cost effective. Cost but some additional factors must also be considered.
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Therapies are expected to improve patient outcome
directly, by intervening in the pathophysiology of disease
processes. In contrast, a diagnostic test is expected to provide
the physician with information about the patient, which in
turn is expected to improve management and thereby indi-
rectly improve patient outcome. The value of a test is there-
fore linked closely with patient selection for therapy, and the
value of testing may well change as new therapies are devel-
oped, or alternative tests become available.

The information provided by a test may be used in differ-
ent decisions, and the test may be more or less useful in
these different settings. An exercise electrocardiogram, for
example, can be used as a diagnostic test for coronary dis-
ease, a prognostic test for patients with recent myocardial
infarction, a monitoring test to assess the effect of anti-
ischemic therapy, or even as a way to establish target heart
rates for an exercise training program. The efficacy and cost
effectiveness of applying the exercise electrocardiogram will
be different for these varied uses of the information pro-
vided by the test. The value of the test will depend on the
indication for which it is used, much as the value of a
B blocker will vary whether it is used to treat hypertension
or as secondary prevention after a myocardial infarction.

The same test (for example, the exercise ECG) applied for
the same purpose (such as diagnosis of coronary disease) will
provide more information in some groups of patients than in
others. As discussed elsewhere in this book, a diagnostic test
provides more value if used when the pretest probability of dis-
ease is intermediate than when the pretest probability is either
very high or very low. The test has the most value when the
result is likely to change the estimated probability of disease
such that clinical management is changed. Tests that never
change patient management cannot change patient outcome,
which is the “bottom line” in assessing cost effectiveness.

Conclusions

Economic analysis is designed to assist decisions about the
allocation of scarce resources. Physicians now must address
the cost implications of clinical decisions, and be aware of
the effects on scarce resources. Economic efficiency is but
one of many goals, however, and issues of fairness and
humaneness are also central to medical care, and must be
considered as well.
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7 Introduction to decision analysis

Kevin A Schulman, Henry A Glick, Allan S Detsky

The concept of evidence-based medicine challenges physi-
cians to improve their use of the medical literature to guide
their decision making in specific clinical settings. The con-
cept is discussed extensively throughout this book. However,
there are circumstances in which clinical trials do not address
all of the issues of interest to a clinician. This may be because
the trials do not compare the risks and benefits of all relevant
treatment alternatives, or because the trials lack important
data on the outcomes and costs of therapy. In these cases,
researchers and clinicians are developing analytical strategies
to improve their ability to synthesize the available informa-
tion from the clinical literature and to help resolve these
unanswered questions. One method of achieving this synthe-
sis is the use of decision analysis, a set of mathematical strate-
gies for aggregating information, making issues related to
clinical decisions explicit, and solving for an optimal strategy
under the constraints of the analysis. This decision analysis is
a framework that can be used in the analysis of clinical prob-
lems as well as in economic analysis (see Chapter 6).

Decision analysis has been available to cardiologists for
over 20 years.'”3 In that time, the techniques have become
more sophisticated and begun to address a broader range of
questions.*©

The goal of this chapter is to introduce the reader to some
of the basic concepts of decision analysis and to review its
use in the cardiovascular literature. For more specific infor-
mation about the concepts or methods of decision analysis,
the reader is referred to several excellent summary arti-
cles?> ! or to one of the major texts in the field.!2"14

Examples of decision analysis

In this section we present two examples of the use of deci-
sion analysis, a clinical example and an economic example.
These are provided to demonstrate the steps involved
in developing a decision analysis. As will be clearly demon-
strated, decision analytic models must simplify reality
in order to structure the problem and analysis. Although
our examples are extremely simplified to illustrate the
steps involved in decision analysis, many models in the

clinical literature offer more complex depictions of clinical
reality, 16-22:26,27,36,40,41,53-58

Steps in decision analysis

Identify the strategic options.

Draw the tree (structure of outcomes).

Determine the probabilities.

Determine the relevant outcome measures (effects, util-
ity, survival, costs).

Evaluate the tree.

Make a structured analysis of the problem.

7. Develop a conclusion.

Eal

ow

A comparative clinical analysis: warfarin v
aspirin for atrial fibrillation

For patients with non-valvular atrial fibrillation, both war-
farin and aspirin have been shown to reduce the risk of
stroke.?83> However, the effectiveness and side effects of
these two treatments can vary substantially. As there has
been no randomized trial of aspirin and warfarin for stroke
prevention, decision analysis has been used to identify
the clinical outcomes resulting from treatment with each
medication.3

Step 1: Identify the strategic options

In terms of therapeutic benefit, patients who receive either
warfarin or aspirin experience a reduction in the risk of
stroke. However, patients receiving these therapies also
experience risk of bleeding complications. Both stroke and
hemorrhage can be either fatal or non-fatal.

Step 2: Draw the tree

Based on these facts, we can graphically depict the issue
using a decision tree (Figure 7.1). The tree is displayed so
that the decision of interest is on the left side of the diagram,
while the strategies to be compared are in the center, and
the outcomes of those strategies are on the right. There are
several pieces of information included in this simple figure.

In the decision tree a choice is represented by a square,
also called a “decision node”. In this example, the decision
node represents a choice between warfarin and aspirin.
Once a decision is made, patients experience the potential
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Stroke <] Outcomes
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Figure 7.1

for different clinical events (stroke or hemorrhage). These
decisions and their subsequent clinical events are repre-
sented by lines or “pathways” running through the tree dia-
gram. Figure 7.1 contains six possible pathways: warfarin
with stroke; warfarin with neither stroke nor hemorrhage;
warfarin with hemorrhage but without stroke; aspirin with
stroke; aspirin with neither stroke nor hemorrhage; and
aspirin with hemorrhage but without stroke.

After the initial treatment decision between warfarin and
aspirin has been made, subsequent outcomes occur with a
defined probability such that all of the potential treatment
outcomes are represented by the treatment pathways. The
individual patient’s achievement of a given treatment out-
come (for example stroke or no stroke) is not a decision: it
is, instead, a chance occurrence, where the “chance” event
is represented by a circle in the decision tree.

The final treatment outcomes for each pathway are repre-
sented by triangles. These figures represent the outcomes of
each treatment strategy. One, two or more outcomes can be
expressed for each pathway (survival, quality adjusted sur-
vival, or costs).

Step 3: Determine the probabilities

Once a tree has been developed to depict a clinical problem,
the next step is to begin to develop the data required to
complete the analysis. In our example, we must identify the
probability of stroke for patients in our two treatment cate-
gories and identify the potential risk of bleeding complica-
tions associated with each therapy.

Rates of stroke without therapy, outcomes of stroke, and
stroke risk reduction with prophylaxis with aspirin or war-
farin can be estimated from clinical trials or epidemiologic
studies.3® Rates of major hemorrhage associated with war-
farin and aspirin therapy, and the outcomes of such an
event, can be estimated in the same fashion.3® However, in

A decision tree for a comparative clinical analysis: warfarin v aspirin for atrial fibrillation

pooling these various data sources, investigators are left with
a degree of uncertainty about these estimates. Sensitivity
analysis, a method for assessing the impact of uncertainty
in data analysis of clinical problems, will be discussed later,
but it is an integral component of most well constructed
decision analytic models.

Step 4: Determine the relevant outcome measures
(effects, utility, survival, costs)

For this analysis, quality adjusted survival will be the pri-
mary outcome measure. Other possible outcome measures
include event-free survival or simple survival. Analysis of
quality adjusted survival uses estimates of patient prefer-
ences for a variety of possible health states for patients with
stroke. Patient preferences are a measure of health-related
quality of life, or utility, as defined on a 0—1 scale, in which
0-0 represents the worst imaginable health state and 1-0
denotes the best imaginable health state. Quality adjusted
survival is the product of the expected survival of patients
and their preferences for the different health states resulting
from a stroke or hemorrhage. These data can be estimated
from expert opinion, as reported in the medical literature, or
derived from patient interviews.?” Calculation of quality
adjusted life years (QALYs) is described in greater detail else-
where.?

Step 5: Evaluate the tree

Once data have been compiled for the specified model
parameters, the next step is to analyze the tree. This
requires the calculation of the expected value for each path-
way of the tree. For both warfarin and aspirin therapies, the
expected value of the outcome (effects, utility, survival or
costs) is a weighted average of all possible treatment out-
comes. This weighted average is calculated as the product of
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the value of each terminal node and the probabilities of
the occurrence of that node (the product of the probabilities
of achieving that node). The value of each node is then
summed to result in the weighted average value for the
treatment (for example, the outcome for warfarin would
be the weighted average of the products of the probability
of stroke while taking warfarin and the outcome for
stroke (P1 X O1), the probability of hemorrhage without
stroke while taking warfarin and the outcome for hemor-
rhage without stroke (P2 X O2), and the probability of no
stroke or hemorrhage and the outcome for no stroke or
hemorrhage {(1 — [P1 + P2]) X O3}).

A more complicated decision analysis proceeds in step-
wise fashion for each set of probabilities and outcomes. This
is called folding back the tree. The net result is an assess-
ment of the outcomes for the two treatments, warfarin and
aspirin. Other techniques can be used to solve more compli-
cated problems, for which there are many branches of each
tree — for example, when the risk of stroke or hemorrhage is
related to the duration of treatment. (These methods are
based on the probability of moving between health states
over time. Analysis can also be based on “state transition
models” or Markov models.)

For clinical analyses, decision trees allow an incremental
analysis of the treatment benefits of one medical therapy
compared to another. They are used to compare the
expected utility for each branch of the tree to pick the best
treatment option. The best option is the one with the high-
est value in terms of clinical effects (survival or utility) or the
one with the smallest value in terms of cost. An incremental
analysis assesses the additional benefits gained from one
treatment and, thus, differs from a calculation of the
absolute benefit of a treatment.

Step 6: Structured analysis of the problem

Finally, the primary analysis having been completed, investi-
gators should examine uncertainty in their estimates using a
technique called sensitivity analysis. By recognizing that a
decision tree can suffer from uncertainty in the probability
of each treatment strategy, investigators can ask how the
results might change were the possibilities of stroke or hem-
orrhage to increase or decrease by 10% for each treatment
arm. In a sensitivity analysis, the investigator recalculates
the results of the model to address the robustness of the
analysis to changes in the model specification.

Step 7: Conclusion

This decision analysis was structured to compare the out-
comes of two strategies for the treatment of stroke prophy-
laxis — warfarin and aspirin. Such an analysis allows for an
assessment of the clinical benefits of the two strategies,
incorporating both the differences in risk reduction of stroke

and the differences in hemorrhage resulting from the pro-
phylactic treatment. The analysis would end with an esti-
mate of the quality adjusted survival resulting from each
treatment strategy. The results could reveal that warfarin is
superior to aspirin, that aspirin is superior to warfarin, that
the treatments are comparable, or that there is not enough
information from which to draw a firm conclusion. The
analysis would also address how sensitive the analysis
was to differing model parameters. This could help define
areas for further research to resolve outstanding issues in
the clinical assessment.

A cost effectiveness analysis: implantable
cardiac defibrillators

At present there is a great deal of debate about the most
appropriate treatment of patients with arrhythmias, espe-
cially about whether implantable cardiac defibrillators
(ICDs) will reduce cost and mortality for high-risk patients.
Early clinical trial results address mortality issues related to
the use of ICDs in high-risk populations.3® However, there
remains a great deal of concern about the findings of the
study and the robustness of its results.3 Although decision
analysis cannot answer the clinical questions regarding ICD
use, these techniques have been used to model the costs
and effects of ICD insertion to estimate the potential cost
effectiveness of this therapy, given current estimates of ICD
clinical effectiveness.*%*! To understand the decision analy-
sis approach to this question, we will review the clinical
issues and then build a decision analytic model to formalize
the question.

High-risk patients experience an increased incidence of
sudden cardiac death.*> One new technology, the ICD, has
been proposed as a means of reducing the incidence of sud-
den death in cardiac patients.3®43-*® Patients who choose to
receive this therapy must undergo a surgical procedure and
maintain the device over the remainder of their lifetime.

Step 1: Identify the strategic options

In terms of treatment benefit, patients who receive an ICD
have the potential for a different survival probability than
patients who do not receive an ICD. From a cost perspec-
tive, patients receiving an ICD bear the additional cost of
the device itself, as well as the future costs of maintaining it.

Step 2: Draw the tree

Based on this discussion, we can graphically depict the issue
using a decision tree (Figure 7.2). There are four possible
pathways in this figure: ICD with sudden death; ICD with-
out sudden death; no ICD with sudden death; and no ICD
without sudden death. In this simple model we consider
only two health states: sudden death and no sudden death.
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High-risk patients

Sudden death

<] Outcomes
No sudden death

<] Outcomes
Sudden death

<] Outcomes
No sudden death
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Figure 72 Decision tree for a cost effectiveness analysis: ICD to reduce incidence of sudden death in cardiac patients

Step 3: Determine the probabilities

Estimates of the possibility of sudden cardiac death for high-
risk patients are available in the medical literature and in trials
of ICDs.***? Estimates of the probability of sudden death for
patients receiving an ICD are available from the MADIT
Study>® or may be estimated based on clinical trial protocols
for expected treatment benefits.*! The quality of the evidence
from these data sources can vary. Data from the literature on
non-ICD patients, the probability of sudden death without an
ICD, come from observational studies, whereas data on ICD
patients come from a controversial randomized controlled
trial. Thus, there is some uncertainty about these estimates.'®

Step 4: Determine the relevant outcome measures
(effects, utility, survival, costs)

Treatment benefits can be expressed in terms of survival
(years of life gained) or in terms of quality adjusted survival
(QALYs). Calculation of these benefits proceeds as outlined
in the stroke example.

Estimates of treatment costs often must be developed
from primary sources (for example, hospital accounting
departments), from standard price lists for specific costs,”®
from literature reviews, or from expert opinion. Costs
included in these models can include direct medical costs
(the costs of medical care, such as hospital or physician
costs), direct non-medical costs (the costs patients incur in
receiving medical care services, such as the cost of trans-
portation to a physician’s office), indirect costs (the costs of
morbidity or mortality related to disease), or intangible costs
(the costs of pain and suffering related to disease).”!?

Step 5: Evaluate the tree

Once the data are available for all of these model parame-
ters, the next step is to analyze the tree. For economic

analyses, decision trees allow an incremental analysis of the
treatment costs and benefits of one medical therapy com-
pared to another in a cost effectiveness analysis. The incre-
mental cost effectiveness of therapy A compared to therapy
B is defined by the following formula:

(Cost,—Costg)

Cost effecti f treatment A= ———————
ost effectiveness of treatmen (Effects, —Effectsy)

where Cost, is the cost of treatment A, Costg is the cost
of treatment B, Effects, are the effects of treatment A, and
Effects are the effects of treatment B.>? Decision trees may
also allow enumeration of the costs and consequences of dif-
ferent treatments without comparing the costs and effects of
treatment in a cost effectiveness ratio.

Step 6: Structured analysis of the problem

Sensitivity analysis would be conducted to assess the impact
of uncertain values on the model. For example, because
there was uncertainty in the probability of each treatment
strategy, how would the results change if the possibilities of
sudden death were increased or decreased by 10% for each
treatment arm? Similarly, how would the results differ if
ICD costs were increased or decreased by 10%? In a sensi-
tivity analysis, the investigator recalculates the results of the
model to address the robustness of the analysis to changes in
the model specification.

Step 7: Conclusion

This decision analysis was structured to assess the cost effec-
tiveness of a new therapy for the treatment of patients at
high risk for sudden cardiac death. It would conclude with
an estimate of the incremental effects of ICD therapy in years
of life gained per patient, the incremental costs of ICD treat-
ment per patient, and an estimate of the cost effectiveness of
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ICD therapy for patients evaluated in the model. The paper
would also address how sensitive the analysis was to differ-
ent model parameters. This sensitivity analysis could help
define areas for further research to resolve outstanding issues
in the clinical assessment.

Applications of decision analysis to cardiology

The above examples offer a simplified explanation of some
of the basic components of decision analysis. They also illus-
trate the issues that must be addressed before using the
results of a decision analysis to guide clinical decision mak-
ing. As when reviewing clinical trials, clinicians must assess
whether the population considered in the decision analysis
model is relevant to their own population. The reader must
consider the strength of the evidence available to the inves-
tigator in developing the model to understand the strength
of the recommendations resulting from the model. This
includes not only whether the evidence was based on ran-
domized controlled trials or on observational studies, but
also whether the original studies included detailed informa-
tion required by the model (for example, in the stroke analy-
sis, whether the clinical studies reported both hemorrhage

and stroke rates for the study’s patients). Finally, the reader
should consider the model used by the investigator to deter-
mine whether it was constructed appropriately and consid-
ered all relevant comparisons.' The models below that
use lower-quality data or evidence should be considered
exploratory analyses, not definitive evidence. As such, they
also should be interpreted as potential rationale for future
studies. Likewise, decision models that project results to
new time periods, new populations and new interventions —
even those that use Ala-grade evidence — should be viewed
only as exploratory analyses.

Decision analysis has been used extensively in cardiology
over the past several years (Table 7.1). These examples
include articles from a MEDLINE search of decision analysis
and cardiology from 1993 to 2001. Issues addressed have
included the use of specific technologies, such as ICDs for
patients at risk for sudden death, as well as specific diagnostic
or pharmacologic products for defined populations of patients
(for example, treatment of high blood cholesterol), and the
assessment of patient management strategies for defined pop-
ulations of patients (for example the selection of patients for
placement on a cardiac transplant list). Each of the analyses
listed in Table 7.1 will be reviewed in this section.

Table 7.1 Use of decision analysis in the cardiovascular literature
Clinical issue Efficacy data Cost data Sensitivity Source Evidence
analysis grade*

New technologies
Inpatient ICD Observational Hospital charges; Yes Kupersmith et a/'® B4
placement study; utility not literature review for

assessed resource use data
Outpatient ICD Literature Hospital and claims Yes Owens et al*! Alc
placement review for data; literature review

survival and for resource use data

utility estimates
Treatment Literature Cost-accounting data Yes Hogenhuis et al'” B4
strategies for review; expert for 13 patients at one
WPW opinion; authors’ study center
syndrome estimates for

utility data
Specific products
Low v high-osmolality Literature review; Resource use from a Yes Barrett et al'® Alc
contrast media authors' estimates  clinical trial;

for utility data; literature review;

patient survey costs from Canadian

for intangible hospital

cost estimates
Simvastatin, high Clinical trial Resource use from Yes Johannesson etal’®  Ala
cholesterol data; utility not clinical trial; costs

assessed from hospitals in

Sweden; employment
status from clinical trial
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Table 71 Continued
Clinical issue Efficacy data Cost data Sensitivity Source Evidence
analysis grade*
Pravastatin, high Clinical trial Literature review and Yes Ashraf et a/?° Alc
cholesterol data from 2 expert opinion for
studies; utility resource use data;
not assessed costs from aggregate
US hospital data
Captopril, acute Ml Clinical trial data; ~ Resource use from subset Yes Tsevat et al?" Ala
utility data from of study patients;
82 patients costs from US Medicare
reimbursement rates
Estrogen Literature review;  Not assessed Yes Zubialde et a/?? B2
replacement utility not
assessed
Streptokinase v tPA, Literature review, Resource use estimated; Yes Kellett et a/?® Ala
suspected Ml including drug and hospital
utility data cost data from Ireland
Warfarin v quinidine v Literature review  Not assessed Yes Disch et al?’ Ala
amiodarone, and expert
acute atrial opinion, including
fibrillation utility data
Warfarin v aspirin, Literature review; Resource use estimated; Yes Gage et alst Ala
stroke prophylaxis utility data costs from
from study of literature review,
74 patients Medicare data, and
survey of pharmacies
Preoperative coronary Literature review;  Literature review Yes Mason et a/®® Ala
angiography and utility not
revascularization, assessed
non-cardiac
vascular surgery
Treatment strategies
CCU admission Cohort study; Hospital charges Yes Tosteson et a/®® B4
utility not from the cohort
assessed adjusted to costs
Emergency medical Literature review;  Analysis of existing Yes Nichol et a/%" B4
services utility not assessed EMS program in Canada
Cardiac transplantation ~ Transplant Not assessed Yes Stevenson et a/%® B4
selection registries
Aortic valve Wong et a/®® B4
replacement
Medical v Expert guidelines,  Not assessed Yes Kwok et al®' Ala
surgical therapy randomized
for chronic trials, and
stable angina meta-analyses;
utility not assessed
Strategies for Literature review  Not assessed Yes Jenkins et a/%? B3

hypoplastic left
heart syndrome

and data from
231 patients;
utility not
assessed
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Table 71 Continued

Clinical issue Efficacy data Cost data Sensitivity Source Evidence
analysis grade*

Electrocardiogram Retrospective Not assessed Yes Shlipak et a/®3 B2

algorithm to cohort study;

predict myocardial utility not

infarction assessed

“Evidence grades for decision analysis are complicated by the many different sources of data used in constructing the analysis.
Evidence grades here are based on the data for the most important component of the analysis for the clinical portion of the deci-
sion tree. Where sources of evidence for the analysis were from a variety of sources, two grades were assigned to reflect the
differing quality of data available for the analysis (see Owens et al*' for an example of grades of evidence for data incorporated

into a decision analysis).

Grade A: Decision trees with the primary effect estimate from a large, high-quality study (a randomized controlled trial with more
than 500 patients), or decision trees with a formal meta-analysis for the primary effect estimate.

Grade B: Decision trees with the primary effect estimate based on literature review but without a formal meta-analysis for primary
effect estimate; includes evidence from case series and randomized controlled trials with fewer than 500 patients.

Grade C: Decision trees with the primary effect estimate based on expert opinion.

Decision analysis evaluating new technologies
ICD placement

Over the past several years, investigators have attempted
to calculate the cost effectiveness of the ICD in patients at
high risk for sudden cardiac death. Recent evidence from
the Antiarrhythmics versus Implantable Defibrillators Trial
indicates a decrease of 27% in 2 year mortality with ICD.!®
Kupersmith et a/'® assessed ICD placement on an inpatient
basis for patients with and without prior electrophysiologic
(EP) studies. Grade Alc The investigators assumed an
84% improvement in life expectancy for patients undergoing
ICD therapy based on a case series of 218 non-randomized
patients who received an ICD when it was assumed that the
patients would have died at the time of the first event (first
shock or death). In this analysis, ICD patients had a mean
life expectancy of 3-78 years, whereas EP-guided drug ther-
apy patients had a mean life expectancy of 2-00 years. Total
charges for these treatments were $146 797 for ICD patients
and $93340 for the EP-guided patients. The investigators
found that the cost of ICD placement, including the cost of
the device and the hospitalization, would range between
$27200 and $44 000 per year of life saved.

The investigators conducted an extensive sensitivity
analysis around their cost data and around the period of
replacement of the ICD generator. They found that the cost
effectiveness of the therapy was sensitive to the magnitude of
the clinical benefit of the therapy (this included the efficacy
of the therapy, as well as the estimated life expectancy for the
underlying population, as represented by ejection fraction).
The model was less sensitive to the cost of ICD therapy. The
authors concluded that ICD use was economically attractive,

especially using endocardial lead placement (based on pre-
liminary estimates of the cost of this new procedure).*
Owens et al*! assessed ICD implantation on an outpa-
tient basis using a decision analytic model. In this analysis,
the investigators modeled the potential cost effectiveness of
therapy, assuming in their principal analysis that the ICD led
to a 20-40% reduction in mortality. Grade A1c The inves-
tigators found that the cost of patients receiving ICD ther-
apy would be $88400, and the cost of patients receiving
amiodarone therapy alone would be $51 000. For high-risk

* There are four possible outcomes of a cost effectiveness analysis:
(1) the intervention will save money and be more effective than the
comparison; (2) the intervention will cost money and be more effec-
tive than the comparison; (3) the intervention will save money and
be less effective than the comparison; and (4) the intervention will
cost money and be less effective than the comparison.’! The first
outcome is the most preferred, and the intervention will always be
adopted. The last outcome is never preferred, and the intervention
will never be adopted. The second and third outcomes may be pre-
ferred at times, and the interventions may be adopted, depending
on the relationship between the costs and effects of the intervention
(the cost effectiveness ratio). The second outcome may be adopted
if the intervention yields a great enough benefit for the additional
cost (in the USA, an economically attractive intervention may be
one that costs less than $50000 per year of life gained, whereas
some Canadian authors have suggested that therapies that cost less
than CDN$100000 might be economically attractive).3>>% The
third outcome may be adopted if the intervention yields a small
enough reduction in outcomes for the reduction in cost (for exam-
ple, the same Canadian authors suggested an economically attrac-
tive intervention might be one that saves more than CDN$100 000
per year of life forgone).3>°2
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patients, the investigators reported that ICD patients would
have an estimated survival of 4-18 QALYs, whereas patients
treated with amiodarone alone could expect a survival of
3-68 QALYs. Investigators found that the cost effectiveness
of therapy ranged from $37300 per QALY saved for
high-risk patients, assuming a 40% reduction in mortality
for patients treated with the ICD compared to those treated
with amiodarone alone, to $138900 QALYs saved for
intermediate-risk patients and assuming a 20% reduction in
mortality for patients treated with the ICD compared to
amiodarone alone. They concluded that the use of an ICD
will not be economically attractive unless all-cause mortality
is reduced by 30% or more compared to amiodarone.

Alternative therapies for WPW syndrome

Hogenhuis et a/'’ determined which of five management

strategies should be used for the treatment of patients with
Wolff-Parkinson—-White (WPW) syndrome: observation,
observation until cardiac arrest-driven therapy, initial drug
therapy guided by non-invasive monitoring, initial radiofre-
quency ablation, and initial surgical ablation. The model
included the risks of cardiac arrest, arrhythmia, drug adverse
effects, procedure-related complications and mortality, and
assumed that radiofrequency ablation had an overall efficacy of
02% in preventing cardiac arrest and arrhythmia. Grade B4
For survivors of a cardiac arrest, radiofrequency ablation
offered additional survival at reduced cost compared to all
other treatment strategies. For patients with arrhythmia
without hemodynamic compromise, radiofrequency ablation
resulted in a cost of $6 600 per QALY gained in 20 year old
patients and $19 000 per QALY gained in 60 year old patients
without hemodynamic compromise. For asymptomatic
patients, radiofrequency ablation costs from $33 000 per QALY
gained in 20 year old patients to $540 000 per QALY gained for
60 year old patients. The authors conclude that their analysis
supports the practice of radiofrequency ablation in patients
with WPW syndrome who survive cardiac arrest. For asympto-
matic patients, however, the analysis supports the current prac-
tice of mere observation, given that radiofrequency ablation
was economically unattractive in this population of patients.

Decision analysis in the evaluation of
specific products

Decision analysis has been used extensively in the evalua-
tion of specific clinical products, including contrast media
and pharmaceutical products.

Contrast media

Grade A1c Barrett et a/'® developed a decision analytic
model to assess the economic impact of low- and high-osmo-
lality contrast media for cardiac angiography. Investigators

assumed that low-osmolality contrast media reduced the
risk of myocardial infarction and stroke. Reduction in the
risk of specific clinical events with low-osmolality contrast
media was assumed to be 0% in fatal events, 25% in severe
events, 80% in moderate events and 10% in minor events.
The investigators found that the incremental cost per QALY
gained with these media was $17 264 in high-risk patients
and $47874 in low-risk patients for a third-party payer.
From a societal perspective, the corresponding costs are
$649 and $35509. The authors report that these estimates
were sensitive to cost of the contrast media and the total
cost of contrast media used per patient. The authors also
suggest that the model is extremely sensitive to changes in
assumptions regarding the efficacy of low-osmolality con-
trast media for the prevention of severe reactions. To allow
the reader to better understand the inputs of this model, the
authors include a cost—consequence analysis of the program
as a separate presentation in the results. The authors con-
cluded that, in the context of restricted budgets, limiting the
use of low-osmolality contrast media to high-risk patients is
justifiable. The recommendation to limit use of this medium
was also justified by the lack of clinical evidence that low-
osmolality contrast media prevent severe or fatal reactions.

Cholesterol reduction

Several authors have used decision analysis to investigate
the cost effectiveness of therapies designed to reduce high
blood cholesterol.>* Two recent studies use clinical trial data
to assess the cost effectiveness of cholesterol reduction in
secondary prevention of coronary artery disease. Johanneson
et al'® developed an analysis based on the Scandinavian
Simvastatin Survival Study, which reported that, in patients
with pre-existing coronary disease, reduction in blood cho-
lesterol resulted in a 30% reduction in overall mortality
based on a median follow-up of 5-4 years. Grade Ala
The authors modeled the effects of 5 years of cholesterol-
reducing therapy on patients’ outcomes, using a model
based on data reported from the trial. The costs of therapy
were based on the assumption that the use of cholesterol-
reducing agents would not entail any additional costs for
patients with pre-existing coronary disease other than the
cost of medication itself, and then used data on hospitaliza-
tions to estimate the direct medical costs incurred for the
treatment of cardiovascular disease.

Interestingly, this model also included the indirect costs
of medical care based on the employment status of patients
in the trial. The investigators found that simvastatin treat-
ment for 5 years in 59 year old patients with a history of
heart disease and a pretreatment total cholesterol level
of 261 mg/dl would have a net cost of $1524, with
0-28 years of life gained, resulting in a cost per year of life
gained of $5400 for men, and a net cost of $1685 with
0-61 years of life gained, resulting in a cost per year of life
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gained of $10500 for women. An analysis that included
direct and indirect costs showed that cholesterol reduction
leads to an additional $1 065 decrease in associated morbid-
ity cost for men and an $876 reduction in associated mor-
bidity cost for women. The analysis was somewhat sensitive
to baseline cholesterol level and patient age at the initiation
of treatment, to follow-up and screening costs and to the
price of simvastatin. However, treatment remained econom-
ically attractive in all of these analyses. The model was
somewhat sensitive to reduction in cardiovascular risk and
the risk of mortality after coronary events. The authors con-
cluded that in patients with coronary artery disease, simvas-
tatin therapy is economically attractive among both men
and women at the ages and cholesterol levels studied.

Ashraf et al’® assessed the cost effectiveness of choles-
terol reduction based on 3 year data from the Pravastatin
Limitation of Atherosclerosis in the Coronary Arteries (PLAC I
and Pravastatin, Lipids and Atherosclerosis in the Carotids
(PLAC 1I) studies. Grade A1c These trials reported no
statistically significant decrease in all-cause mortality, but did
report a decrease in the number of coronary events in men
in the group receiving drug therapy to reduce high blood
cholesterol. Therapy was estimated using a Markov model
based on data from the Framingham Heart Study to estimate
subsequent annual morbidity and mortality rates for patients
with non-fatal myocardial infarction. Costs of therapy were
based on the costs of drug therapy, and hospitalization costs
were derived from the cost of treatment of myocardial
infarction and from expert opinion on the frequency of med-
ical events. Investigators found that cost per year of life
saved due to secondary prevention was sensitive to a num-
ber of risk factors, but ranged from $7124 per year of life
saved for a male patient with three risk factors, to $12 665
per year of life saved for a male patient with one risk factor.
The model was sensitive to assumptions about efficacy of
therapy and cost of services. It was also sensitive to patient
characteristics, such as the number of risk factors of patients
receiving secondary prevention. The authors conclude that
pravastatin is economically attractive compared to other
widely accepted medical interventions.

A potentially serious limitation of the Ashraf et a/*¥ analy-
sis is its strategy of deriving costs for 3 years while projecting
the effects over 10 years. Specifically, the authors project
years of life saved by avoiding events in the first 3 years
over the next 7 years. This potentially problematic practice
of generating a differential time horizon should be avoided.

ZZO

Postmyocardial infarction treatment

Tsevat et al*! used decision analysis to assess the cost effec-
tiveness of captopril therapy after acute myocardial infarc-
tion (MI). Grade Ala In this paper, the investigators used
data from the Survival and Ventricular Enlargement (SAVE)
trial, which demonstrated that captopril therapy reduced

mortality in patients who survived MI. The effectiveness of
therapy was modeled using a decision analytic model based
on all-cause mortality within the clinical trial observation
period and the projected clinical benefits over a patient’s life-
time. This paper also incorporated data on quality of life
from a subset of patients in the SAVE trial. Cost estimates for
the model were based on a subset of 123 study patients for
whom hospital data were obtained for all hospitalizations in
the subset. The investigators used two projection methods,
a limited-benefit model and a persistent-benefit model. The
limited-benefit model was more conservative in that it
assumed similar annual mortality rates between captopril
and control patients beyond the clinical trial period. This
analysis resulted in an estimated cost effectiveness for capto-
pril therapy ranging from $60 800 per QALY for 50 year old
patients to $3 600 per QALY for 80 year old patients. The
persistent-benefit model was more optimistic in that it
assumed that the clinical benefits observed in the trial per-
sisted throughout each patient’s lifetime. In this analysis, the
cost effectiveness ratios were similar to those in the limited-
benefit model for patients aged 60—80 years, but they were
substantially better for 50 year old patients. In the sensitivity
analysis, the models were most sensitive to the annual cost
of captopril therapy. In addition, the persistent-benefit
model appeared to be more “stable” than the limited-benefit
analysis. That is, when the benefits persist, there are few
changes to the values of other variables that would affect
the resulting cost effectiveness ratios (owing to the magni-
tude of the benefit), whereas if the benefits do not persist,
variations in other variables do have an effect. The investi-
gators concluded that angiotensin converting enzyme
inhibitor therapy with captopril was not only effective in
improving survival after MI, but also moderately economi-
cally attractive.

Hormone replacement therapy

Zubialde er al*? used a decision analytic model to assess
gains in life expectancy resulting from the use of estrogen
replacement therapy for postmenopausal women. Efficacy
data for this analysis were obtained from a review of the lit-
erature which suggested that risk reduction with estrogen
therapy for coronary artery disease was between 40% and
50%. Grade B2 The model did not assume an increased
incidence in breast cancer in the principal analysis, but it did
include an increased incidence of endometrial cancer.
Results of the analysis suggested that the benefit of estrogen
and progesterone therapy in average-risk women aged
50 years at the time of therapy initiation was 0-86 years, with
a range of 0-41-1-19 years, whereas therapy in average-risk
women aged 65 years at the time of therapy initiation was
0-47 years, with a range of 0-21-0-66 years. The authors
reported that the benefits of estrogen and progesterone ther-
apy were similar to the gains from cholesterol reduction to
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200 mg/dl and smoking cessation. The authors concluded
that significant potential benefits in life expectancy in coro-
nary artery disease reduction, combined with the osteoporo-
sis prevention in symptom relief, would point to greater
emphasis on postmenopausal estrogen use in appropriate
patients. Since the report by Zubialde ef a/*> hormone
replacement therapy has undergone additional study. A
growing body of literature suggests that its predicted effects
have not been fully realized,?>** and the results of a recent
polymorphism study have further complicated matters.? It
bears repeating here that the reliability of a decision analysis
is related directly to the quality of the data on which the
analysis is based. The Zubialde analysis was based on the
best data of its time, but superior data from clinical trials
have since called the findings into question.

Thrombolytic therapy

Kellett et al?° presented a paper on the use of thrombolytic
therapy for patients with suspected MI. This assessed the
use of two types of thrombolytic therapy, streptokinase and
accelerated tissue plasminogen activator (tPA), on patients
with suspected MI. Grade A1a The efficacy of the two
therapies was based on reports from the medical literature.
The authors assessed the clinical benefits of thrombolytic
therapies for patients presenting with different likelihoods of
MI, given their clinical and ECG findings, different age
groups, and different probabilities of death given MI. Data
on clinical efficacy for the two strategies were based on the
GISSI-2, ISIS-3 and GUSTO trials. The authors suggested
that, for patients with a 26% probability of MI (a group with
chest pain and a history of coronary artery disease but a nor-
mal ECG), thrombolytic therapy would only be beneficial if
the probability of death given an MI was 20% or greater. In
contrast, for patients presenting with a probability of MI of
78% (chest pain plus ST or T wave changes), thrombolytic
therapy would be beneficial for all patients except those
over 80 years of age who had a probability of death given an
MI of 2-5% or less. The authors conclude that, for a typical
60 year old man presenting 4 hours after the onset of symp-
toms with definite acute MI, treatment with streptokinase
in addition to aspirin would gain 150 quality adjusted life
days, whereas treatment with aspirin and accelerated tPA
would result in 255 quality adjusted life days, compared to
no thrombolytic therapy. Thrombolytic therapy is preferred
over no thrombolytic therapy as long as the probability of
stroke is less than 5% for streptokinase and 8% for acceler-
ated tPA. The cost per QALY was estimated based on the
probability of acute MI, the extra days of quality adjusted
life, and the probability of death given an MI. The analysis
was sensitive to estimates of efficacy for both streptokinase
and accelerated tPA, as well as the probability of death given
thrombolytic therapy. The authors conclude that decision
analysis can be a useful bedside tool to guide thrombolytic

therapy. It is important to bear in mind, however, that this
decision model has not been tested on actual patients.

Management of atrial fibrillation

Dirsch et al?” developed a decision analytic model to assess
the outcomes of four treatment strategies for patients
with acute atrial fibrillation undergoing cardioversion: war-
farin therapy, quinidine therapy and low-dose amiodarone
therapy. Grade Ala Efficacy was based on a review of the
literature, including randomized controlled trials, observa-
tional studies, and expert clinical opinion when necessary.
Investigators found that all four treatment strategies differed
by 0-2 QALYs over patients’ lifetimes, with 4-55 expected
QALYs for patients who undergo no treatment after car-
dioversion and 4-75 expected QALYs for patients who
undergo cardioversion with amiodarone. Use of warfarin
and quinidine therapies yielded expected quality adjusted
life benefits between amiodarone and no treatment. The
model was sensitive to the annual rate of bleeding on war-
farin, the annual rate of stroke for patients on warfarin, the
annual rate of stroke for patients with atrial fibrillation, the
decrement in quality of life associated with taking warfarin,
and the excess mortality of quinidine and amiodarone. The
authors conclude that cardioversion followed by low-dose
amiodarone to maintain normal sinus rhythm appears to be
a relatively safe and effective treatment for a hypothetical
cohort of patients with atrial fibrillation.

Prophylaxis of stroke

Gage et al*® developed a decision analytic model to assess

the cost effectiveness of warfarin and aspirin treatment for
prophylaxis of stroke in patients with non-valvular atrial fib-
rillation. The clinical efficacy of the treatment strategies was
obtained from the published literature. Grade Ala The
quality-of-life estimates for this study were obtained by inter-
viewing patients with atrial fibrillation. Costs were also esti-
mated from a literature review and from a survey of national
pharmacies and laboratories. The authors found that, for
patients with non-valvular atrial fibrillation and no additional
risk factors for stroke, warfarin would minimally affect qual-
ity adjusted survival but increase costs significantly. For
patients with non-valvular atrial fibrillation and one addi-
tional risk factor, warfarin therapy resulted in a cost of
$8 000 per QALY saved compared to aspirin. The model was
most sensitive to the rate of stroke if no therapy was pre-
scribed, the effectiveness of aspirin, the rates of major hem-
orrhage, and the disutility of taking warfarin. The authors
conclude that treatment with warfarin is economically
attractive (has a low cost effectiveness ratio) in patients with
non-valvular atrial fibrillation and one or more additional risk
factors for stroke. However, in patients with non-valvular
atrial fibrillation without other risk factors for stroke, the use
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of warfarin instead of aspirin would add significantly to costs
with minimal additional clinical benefit.

Preoperative cardiac revascularization

Mason et al> developed an analysis to determine whether
preoperative coronary angiography and revascularization
improved short-term outcomes in patients undergoing non-
cardiac vascular surgery with three strategies. Grade Ala
The first was to proceed directly to vascular surgery; the
second was to perform coronary angiography followed by
selective coronary revascularization prior to surgery and to
cancel vascular surgery in patients with severe inoperable
coronary disease; and the third was to perform coronary
angiography followed by selective coronary revasculariza-
tion, and to perform vascular surgery in patients with inoper-
able coronary artery disease. The literature was scrutinized
for data on the efficacy of all three strategies. The authors
found that proceeding directly to vascular surgery led to a
lower morbidity and cost in the base-case analysis. The coro-
nary angiography strategy led to a higher mortality of vascu-
lar surgery in patients with inoperable coronary disease, but
to a lower mortality in operable patients who did not pro-
ceed to vascular surgery. The model was sensitive to the
surgical mortality rates for both catheterization and the
vascular surgical procedure. The authors concluded that
decision analysis indicates that vascular surgery without
preoperative angiography generally leads to better out-
comes, and that preoperative coronary angiography should
be reserved for patients whose estimated mortality for vas-
cular surgery is substantially higher than average.

Use of decision analysis in treatment strategies
CCU admission

Tosteson et al*® used a decision analytic model to identify
cost effective guidelines for admission to a coronary care
unit (CCU) for uncomplicated patients without other indica-
tions for intensive care. The probabilities of death, and
minor, major and life-threatening complications were based
on 12139 emergency department patients who were
enrolled in a multicenter chest pain study. Cost data were
available from a subset of patients in the study admitted to
one study center. Under the assumption that there is a 15%
relative increase in mortality when patients with acute MI
are admitted to the intermediate care unit instead of an
intensive CCU, the authors found that costs per year of life
saved for triage to the CCU varied markedly depending on
the age of the patient and the probability of MI. For 55-64
year old patients with an emergency department probability
of infarction of 1%, the cost per year of life saved was
$1-4 million; but when the probability of infarction was
09%, the cost per year of life saved was $15000. Admission
to the intensive care unit was generally more costly for

younger patients, and use of the CCU had a cost effective-
ness ratio of less than $50000 per year of life saved when
the initial probability of acute MI was greater than 57%
among patients 30—-44 years of age, and greater than 21%
among patients 65—74 years of age. The model was sensitive
to the reduction of mortality associated with the use of the
intensive care unit and to the costs of the intensive care unit.
The authors conclude that the CCU should generally be
reserved for patients with a moderate or high probability of
acute MI, unless they need intensive care for other reasons.

Emergency medical services

Nichol et al’” used a decision analytic model to assess the
cost effectiveness of potential improvements to emergency
medical services (EMS) for patients with out-of-hospital car-
diac arrest. Grade B4 The authors developed their analysis
based on a review of the effectiveness of various emergency
systems from an extensive meta-analysis, costing of each
component of the EMS, and community characteristics and
response times for EMS. The authors also modeled a one-
tier system versus a two-tier system. In the one-tier system
the response team is trained in advanced life support, and
in the two-tier system the first response team is trained in
basic life support and the second in advanced life support.
The authors found that the fixed cost of the first tier of a
two-tier EMS system was $651 129 for Hamilton, Ontario,
with estimates of survival of 5:2% in the one-tier system and
10-5% in the two-tier system. They found that a 1 minute
reduction in response time improved survival by 0-4% in a
one-tier system and by 0-7% in a two-tier system. The
authors found that a change from a one-tier system to a two-
tier system would result in 0-19 QALYs saved and an incre-
mental cost of $7700 per patient, or a cost per QALY of
$40000. Improvement in a one-tier EMS system by the
addition of more basic life support providers in the first tier
would result in an incremental survival benefit of 0-40
QALYs, with an incremental cost of $2 400 or cost per QALY
of $53000. An improvement in response time in a one-tier
system by the addition of more providers and ambulances
would achieve an incremental survival benefit of 0-2 QALYs
for a cost per QALY of $368 000. The authors performed an
extensive sensitivity analysis based on a combination of the
model’s parameters. They concluded that the most attractive
options in terms of incremental cost effectiveness ratios for
an EMS program would be improved response time in a two-
tier EMS system, or a change from a one-tier EMS system to
a two-tier system. However, the authors were concerned
about the poor quality of the data available for their analysis.

Heart transplantation

Stevenson et al°® used a decision analytic model to deter-
mine optimal strategies for selecting patients for cardiac
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transplantation. Grade B4 The authors developed a model
based on data from cardiac transplantation databases. The
decision analytic model was developed to determine the size
and outcomes of the waiting list population, depending upon
different strategies for listing heart transplant candidates.
They found that if current practices continued all hearts
would be transplanted to hospitalized candidates and newly
listed urgent candidates, and 3700 outpatient transplant
candidates would be listed with virtually no transplantation
unless they deteriorated to an urgent status. A decrease in
the upper age limit for transplantation to 55 years would
reduce the number listed each month by 30%. If this strat-
egy were to be adopted, the waiting list would reduce to one
third its current size, with 50% of all hearts being available
for outpatient candidates. The authors conclude that imme-
diate provisions should be made to limit candidate listing
and revise expectations to reflect the diminishing likelihood
of transplantation for outpatient candidates.

Surgery for aortic stenosis

Wong et al”” used decision analysis to assess whether to
recommend cardiac surgery for elderly women with aortic
stenosis. Grade B4 This analysis was based on a specific
case of assessing the treatment choice for an 87 year old
patient with severe aortic stenosis, three vessel coronary dis-
ease, depressed left ventricular function and moderately
severe heart failure. Data for the analysis were based on the
medical literature. Specific data elements included in the
analysis were life expectancy with and without surgery for
an octogenarian, morbidity and mortality associated with
surgery, and quality of life with congestive heart failure.
Sensitivity analysis assessed the sensitivity of the model to
assumptions used in developing the analysis and assessed the
impact of patients’ risk preferences regarding treatment
choice. The authors also modeled valvuloplasty compared
to surgery. They found that life expectancy with surgery
(5-0 QALYs) was greater than that for medical therapy
(1-1 QALYs). (These gains in life expectancy are substantial.
Most interventions reported in the medical literature yield
incremental gains in life expectancy from 0-167 to 1-2 years
of life.%%) In sensitivity analysis, surgery still had the highest
life expectancy until mortality from the procedure was greater
than 70%. Valvuloplasty was the best strategy if the patient
was not the best candidate for surgery or, perhaps, in cases in
which the perioperative mortality rate was greater than 50%.
They concluded that even in the later decades of life, aortic
valve surgery is substantially preferable to medical therapy.

Treatment strategies for chronic stable angina

Kwok et al®! used a decision analytic model to simulate a
randomized controlled trial of coronary artery bypass graft
surgery versus medical therapy for chronic stable angina.

Grade A1a The authors developed a Markov model that
incorporated current American College of Cardiology/
American Heart Association guidelines, baseline data from a
meta-analysis of randomized trials of the two therapies, and
risk reduction data from randomized trials and meta-analyses.
The outcome measures of interest were 5 and 10 year mor-
tality, as well as incidence of non-fatal myocardial infarction.
The authors conducted a base-case analysis of the two
therapies, which they supplemented with annual fixed tran-
sition probabilities to account for a steady linear increase
in mortality observed in the meta-analysis. They also con-
ducted two subgroup analyses, one to examine 5 year mor-
tality and infarction rates for patients with triple vessel
disease, the other to examine the same outcomes for patients
with impaired left ventricular function. In the base-case and
subgroup analyses, the authors found that both therapies
increased overall and infarction-free survival. The relative
advantage of surgery over medical therapy found in this
study mirrored the findings of previous trials. One-way and
multiway sensitivity analyses yielded absolute differences of
less than 2% for overall and infarction-free survival rates,
except that use of the upper limit of aspirin therapy’s relative
reduction of myocardial infarction yielded a 3% increase in
infarction-free survival among patients receiving medical
therapy. The authors concluded that therapeutic advances
have improved outcomes for both medical and surgical
patients, as well as preserving the advantages of surgery,
thereby confirming that the conclusions of previous bypass
trials remain valid.

Treatment strategies for hypoplastic left heart
syndrome

Jenkins et al®® used a decision analytic model to determine
the optimal treatment strategy for maximizing 1 year sur-
vival among patients with hypoplastic left heart syndrome.
Grade B3 Using data from the literature and from a data
set of 231 patients treated at four US surgical centers, the
authors obtained probabilities for the following treatment
strategies: complete staged surgery; stage 1 surgery as an
interim to transplantation; patient listing, then stage 1 sur-
gery if no donor is found within 1, 2 or 3 months; and
patient listing without surgery until transplantation. The
authors conducted one- and two-way sensitivity analyses on
all probabilities in the decision tree to determine the values
at which the optimal treatment strategy would change. In
the base-case analysis, transplantation within 1 month
emerged as the preferred strategy, followed by staged sur-
gery if no donor is available after listing the patient for
1 month. These results were sensitive to several probability
thresholds, including stage 1 and stage 2 mortality rates, the
surgical center’s 3 month organ donation rate, and the trans-
plantation mortality rate. Centers with high organ donation
rates are best served by a strategy of listing without surgery
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until transplantation. Those with low donation rates, how-
ever, should perform staged surgery. In two-way sensitivity
analyses, the authors found that the highest 1 year survival
rates were achieved with staged surgery; patient listing,
then stage 1 surgery at 1 month; and listing without surgery
until transplantation. The authors concluded that each sur-
gical center can determine its optimal treatment strategy
with an algorithm that uses the center’s organ donation
rates and stage 1 survival outcomes, as well as individual
patients’ risk factors for mortality and organ availability.

Use of electrocardiogram to predict myocardial
infarction

Shlipak et a/%® used a decision analytic model to assess the
clinical utility of a previously reported electrocardiogram
(ECG)-based algorithm to predict myocardial infarction in
patients with left bundle branch block (LBBB). Grade B2
The authors developed probability data for their analysis
by first conducting a retrospective cohort study of patients
presenting with LBBB on their initial ECG. The subsequent
decision analysis was performed to determine which of
the following strategies would constitute optimal therapy:
thrombolysis for all patients with LBBB; no treatment for
these patients; or use of the ECG-based algorithm to screen
patients for the appropriateness of thrombolysis. The
authors found that the ECG algorithm had low sensitivity
and would predict less than 10% of myocardial infarctions in
patients presenting with LBBB and acute symptoms. As a
screening test, the algorithm resulted in a survival rate less
than that yielded by thrombolysis and similar to that yielded
by no therapy. In one-way sensitivity analysis, thrombolysis
was always the optimal strategy. In two-way sensitivity
analyses thrombolysis was always preferred, unless the ECG-
based algorithm had a sensitivity greater than 85%. If the
ECG algorithm were used as a screening test for throm-
bolytic therapy, almost no patients with LBBB and myocar-
dial infarction would receive the treatment. The authors
conclude that the ECG algorithm is a poor predictor of
myocardial infarction and that thrombolysis should be used
for all patients with LBBB and symptoms of myocardial
infarction.

Summary

Decision analysis offers powerful techniques to better
understand uncertain clinical decisions in cardiology.
Increasing use of these techniques has already shown them
to be very valuable in clinical and policy decision making in
a variety of settings. Decision analysis may be most useful
when clinical trial data do not clearly answer the clinical
issue; when the clinical trial concludes that there are differ-
ences in risks and benefits across two treatment groups;

when the relevant outcomes were not collected as part of
the clinical trial; or when the decision maker is concerned
with both clinical benefits and costs. Readers of a decision
analysis paper should consider the strength of the evidence
underlying the analysis, whether the model was constructed
appropriately from a clinical perspective, and whether all
relevant comparisons were included in the model.>°

Key points

e Decision analysis may be most useful when clinical trial
data do not clearly answer the clinical issue; when the
clinical trial concludes that there are differences in risks
and benefits across two treatment groups; when the rel-
evant outcomes were not collected as part of the clinical
trial; or when the decision maker is concerned with both
clinical benefits and costs.

e Sensitivity analysis is used to assess the impact of
uncertainty on decision analytic models.

e In reviewing a decision analysis paper, the reader must
assess whether the population considered in the model
is relevant to the clinician’s population, the strength of
the evidence available to the investigator in developing
the model, and whether the model used by the investiga-
tor is constructed appropriately by including all relevant
comparisons.

e Decision analysis has been used to assess a wide variety
of clinical issues in cardiology.
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Research into cardiovascular clinical practice has grown early
enormously in volume and sophistication since the early
twentieth century, driven by the worldwide prominence
of atherosclerotic vascular diseases. The sheer volume of
research literature has made it virtually impossible for even
a subspecialist to stay abreast of her/his field. There is insuf-
ficient time for any evidence-oriented practitioner to criti-
cally appraise the full array of individual studies relevant to
practice, and a real risk that, as the years go by, his/her
filtering of the literature will prove misleading,.

One solution is for practitioners to rely increasingly on
integrative reports. As documented throughout this volume,
evidence on a particular clinical topic is often usefully com-
piled in published meta-analyses, decision analyses, or prac-
tice guidelines. These integrative reports synthesize the best
evidence available from multiple research studies to help
define what a practitioner ought to do when confronted
with a particular clinical situation.

While information uptake from integrative reports is nec-
essary to ensure that clinical care evolves in evidence-driven
directions, it may not be sufficient. For decades, researchers
have shown that the rates of provision of various cardiovas-
cular services vary inexplicably across regions and among
nations. Some of this variation is random; some represents
reasonable disagreement in the absence of definitive evi-
dence about best practices. However, when practices are
examined more closely using explicit criteria for appropri-
ateness of care, it has become clear that actual practice
sometimes differs sharply from what the evidence suggests
ought to be done, raising concerns about quality of care.
Quality concerns are further galvanized by evidence that
technical skill and patient outcomes vary among procedural
specialists. Not surprisingly, then, concerns with costs and
quality of care have led a growing cadre of researchers, clin-
ical leaders, facility managers, third party payers, and public
policy makers to examine what clinicians do, and to seek
ways to change clinical practice.

Assessing and changing clinical practice is central to the
discipline commonly known as health services research.
This chapter accordingly provides an introduction to some
of the key methods of health services research as applied to
cardiovascular medicine and surgery.

Assessing and changing
cardiovascular clinical practices

By definition this chapter demands a different treatment
than later chapters where it is possible to provide integrative
summaries of evidence to inform contemporary practice or
steer future research. Since our focus is on how evidence is
translated into clinical action, it stands to reason that there
will seldom be one “right answer”. Practice will instead be
shaped not just by evidence, but by values and circum-
stances or context. Thus, it is important for the reader to
suspend judgment as to whether there is necessarily one
right health system, or one right profile of services for all
populations with a given cardiovascular condition. A corol-
lary of this point is that hundreds of descriptive and analyti-
cal studies have been published in cardiovascular health
services research, many of which are context-specific. Our
hope is to use a small number of these studies to heighten
the reader’s understanding of analytical principles and gen-
eral lessons. For consistency, the examples will relate to
clinical management of coronary artery disease, not to pri-
mary and secondary prevention. However, the conceptual
frameworks are applicable to all areas of cardiovascular care.
It is hoped that the evidence-oriented reader will be able to
generalize the methodological insights from this chapter to
his/her particular clinical and research context.

The specific objectives of this chapter are three:

e tooutline the challenges and opportunities in gathering
evidence about how health care is delivered;

e todescribe and provide illustrations of the various types
of studies done to evaluate processes and outcomes of
care; and

e to examine some of the interventions that can be
undertaken to improve the quality of cardiovascular
care.

Gathering evidence about health care:
challenges and opportunities

Study designs

Randomized controlled clinical trials are the most rigorous
tool for confirming causal relationships between a given out-
come and intervention or factor. Most randomized clinical
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trials are designed to test the efficacy of an intervention
within a controlled and stable environment. In contrast,
health services research focuses on assessing and improving
the provision of care in usual practice settings. Observational
studies of health services may be cross-sectional or cohort
designs. Cross-sectional studies or survey designs offer con-
venient one-off snapshots of patient populations, providers,
or practice settings. Disease- and procedure-specific incep-
tion cohorts have the advantage of delineating relationships
of particular variables to outcomes over time.

Cross-sectional and cohort methodologies can also be
combined in a single study. For example, Payne and Saul'
undertook a mail survey of a random sample of 16 750 resi-
dents of the Sheffield (UK) region, and found that 4-0% of
subjects had symptoms suggestive of angina pectoris. The
prevalence of angina was significantly higher in neighbor-
hoods with lower socioeconomic status, but these same
areas had significantly lower rates of mechanical revascular-
ization. In other words, variations in service profiles were
inversely related to ecological markers of both population
need and population deprivation — obvious grounds for
concern about access or equity of services use. The authors
went further, however, and used data linkage methods to
determine procedures that were actually provided to
individuals identified as having angina. In so doing, they
effectively shifted from a cross-sectional study reliant on
ecological inferences to a full-fledged cohort design. They
found that among subjects reporting angina who lived in
affluent neighborhoods, 11-:2% had undergone procedures,
as compared to 4-2% in less affluent areas (P=0-03). Similar
socioeconomic-related disparities in cardiovascular processes
of care have been well described in both private and
publicly-funded healthcare systems.?>

Intervention studies in health services research focus on
effectiveness and efficiency rather than efficacy. Quasi-
experimental designs and formal randomized clinical trials
are brought into play to test interventions designed to
improve care. However, for obvious reasons, it is often
providers, clinics, hospitals, or regions that are randomized
rather than patients.*

Whatever the internal validity of the design chosen,
health services researchers face a recurrent challenge to
prove the external validity of their work. Some of the pub-
lished literature in health services research consists of local
or regional quality assurance projects with uncertain gener-
alizability, and evidence-oriented practitioners may not find
these studies applicable in their own context.

Data sources and collection

Health services researchers use both primary and secondary
data sources. Primary data are collected by design to answer
specific research questions, whereas secondary data are
used for multiple purposes and their use for research purposes

may be unplanned. Administrative databases designed for
purposes of health service funding and administration are
among the most common secondary data sources used in
assessing clinical practice. Databases specifically constructed
for ongoing epidemiologic surveillance of medical care, such
as clinical registries, sit on the cusp between primary and
secondary data, in that they are valuable for management
and quality assurance, but are usually designed to meet
specific research objectives as well.

Prospective primary data collection is costly but crucial for
complex variables that are poorly covered in most secondary
data sources — for example, patients’ quality of life and
psychosocial status. Retrospective primary data collection
through chart reviews is also possible, but can be costly and
time-consuming. It is best focused on routinely-recorded
variables. For example, in charts of patients hospitalized with
acute myocardial infarction (AMI), data on variables such as
presenting symptoms, heart rate, blood pressure, ECGs, and
cardiac enzymes are almost uniformly recorded. Absent pri-
mary data collection, there is always a risk that researchers
will frame their questions around convenient access to data
rather than addressing pressing issues.

Researchers often combine primary and secondary data
collection, or incorporate multiple data sources to address
specific research questions. For instance, a study may assess
patients’ short-term outcomes using self-administered health
status questionnaires, and then track their subsequent use of
health services and outcomes through administrative data.
As an inexpensive solution to the limitations of single sec-
ondary databases, many researchers now link data across
multiple administrative databases to provide better patient
characterization and longjtudinal follow up.” Finally, linkage
of samples from randomized clinical trials to administrative
databases is becoming more common both to provide accu-
rate and cost efficient follow up of clinical trial populations
and to enable comparison of the characteristics and out-
comes of trial participants to the broader populations from
which they are drawn.®

Data quality

Inaccurate measurement or recording is a particular con-
cern when information comes from secondary data sources
that are not designed for research or epidemiologic
surveillance of medical care. For instance, Jollis et al’
compared information about cardiac risk factors in an
administrative database in patients undergoing angiography
with information collected prospectively for a clinical
database. A chance-corrected measure of agreement (kappa
statistic) showed moderate to poor agreement as follows:
hypertension (56%), heart failure (39%), and unstable
angina (9%). Hannan et a/® found similar discrepancies in
comparing a cardiac surgery registry to an administrative
database in New York State. While the accuracy of coding in
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administrative databases appears to be improving over
time,”!° significant undercoding of comorbidities still exists,
especially among the elderly.!%!!

As noted above, limited or inaccurate data in insurance
databases or computerized hospital discharge abstracts may
be supplemented or corrected by chart audits. A more effi-
cient approach is to establish registries geared to measuring
key patient characteristics, process-of-care elements, and rel-
evant outcomes. Registries are proliferating in cardiovascu-
lar medicine and surgery, especially for acute ischemic
syndromes and coronary surgery. This has led, however, to a
new challenge — that is, agreement on a set of core data ele-
ments and definitions so that reliable comparisons can be
drawn across registries from different jurisdictions.

Key measures

Processes of care

Process of care is an umbrella term, encompassing all inputs
into the clinical encounter that are relevant to the effective-
ness and efficiency of the service provided. Process measures
of particular interest for this chapter are the clinical decision-
making patterns of physicians and other health professionals,
as these reflect the uptake and use of evidence from the liter-
ature of medicine. Other inputs may also be relevant, such as
hospital staffing ratios and qualifications of providers. Not
infrequently, researchers use characteristics of the admitting
hospital as ecologic proxies for processes of care that may
affect individual patients.'>"'# In this respect, hospital vol-
umes for specific diagnoses or procedures are often taken as
proxies for the expertise or experience of the relevant
providers. Some measures are intermediate. Waiting times
for services and lengths of stay, for example, are at once indi-
cators of the process of care, and outcomes of interest to
patients, professionals, and administrators alike.

Outcomes

The most important outcomes studies in cardiovascular care
are conventional randomized trials used to test the efficacy of
novel interventions, as described elsewhere in this volume.
However, non-randomized outcomes studies have a role in
assessing practice patterns. These studies allow for the evalu-
ation of therapies and the natural history of disease in real-
world settings.!>! In some cases where randomization is
simply not feasible (for example, socioeconomic status as a
factor in prognosis), they also allow us to isolate patient char-
acteristics from process-of-care factors to help elucidate
pathophysiologic mechanisms of disease.!”"!® Perhaps most
importantly, a cardiovascular service may be provided to the
right patient at the right time, and for the right reasons, but
be delivered in a technically substandard fashion that leads
to needlessly poor outcomes. Non-randomized outcomes

studies are therefore useful indicators of quality of care for
technically demanding services.!®

Outcomes of interest, after Kerr White, can be conve-
niently remembered as the six “Ds”: death, disease, dysfunc-
tion, disability, distress, and dissatisfaction.?’ The easiest
outcomes for health services researchers to measure are
those that are defined objectively and usually captured in
large insurance databases or computerized hospital adminis-
trative data. These include death, routinely-coded complica-
tions following surgery, or hospital re-admissions. Linkage to
vital status registries is also performed to track out-of-hospital
deaths. Unfortunately, health services researchers have often
failed to assess other outcomes, such as functional status,
symptom relief, or overall quality of life, that are very impor-
tant to patients and their physicians.?!

Assessing processes and outcomes of care

Assessing processes of care

Descriptive studies

Health services research gained considerable momentum in
the 1970s and 1980s from studies pioneered by Wennberg
and Gittelsohn,?>?*> which documented unexplained geo-
graphic variations in rates of services. These early studies were
a population-wide extension of research done in single hospi-
tals or in public and private prepayment plans starting in the
1930s and showed variations in how different physicians
managed apparently similar patients. However, Wennberg and
coworkers coupled computerized systems of hospital dis-
charge abstracts to census data and showed that citizens living
in one area were significantly more or less likely to undergo
certain procedures than those living in other areas. They also
showed that greater variations were generally demonstrable
when procedures were more discretionary or elective, or
where there was uncertainty about the indications for the
procedure or service of interest.>?> In these latter instances,
values and circumstances apparently interact strongly with
evidence in driving decisions about service provision.?

Such descriptive studies continue to appear in the health
services literature. They involve simple rates or proportions,
with various numerators and denominators. Possible numer-
ators include primary care visits or encounters, specialized
diagnostic and therapeutic services, composite measures of
use, such as overall numbers of hospital bed-days used per
10000 residents, or even mean expenditures per capita on
health care for all types of services. Denominators may tally
patients according to the clinics or hospitals that they use, or
by their residency in a given geographic area. These two
denominators may be melded into hospital market shares —
for example, the total population living in an area where a
specified percentage of all patients receive their cardiac care
at the hospital of interest.
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Several statistical summary measures are used in varia-
tions analyses.?’?® Computational details and statistical
properties of these measures are beyond the scope of this
chapter. What matters is that the degree of variation should
be both statistically significant and suggestive of meaningful
differences from the standpoint of quality, accessibility,
or efficiency of care provision. Thus, examination of the
patterns of service and potential outcome implications is
arguably more illuminating than the focusing on specific
summary measures.

The interpretive challenges of such descriptive studies are
illustrated by evidence assembled with clinical and/or
administrative data showing sex differences in treatments
for patients hospitalized with acute myocardial infarction
(AMI).2931 Sex differences in care have been found in sev-
eral nations, but the relationship between gender and serv-
ice intensity is not consistent.3>34 The debate about the
gender gap in service intensity is likely to continue until
there is clearer evidence from randomized trials to delineate
whether and how men and women with otherwise similar
cardiovascular disease should be managed differently.

Variations in processes of care have been well documented
to extend beyond patient factors. As one example of this
genre, Chen et a/*® documented significant interhospital
variations in length of stay after AMI in Ontario. These varia-
tions persisted after adjustment for various factors such as
coronary angiography on the index admission, patients’ age
and sex, and comorbidity as inferred from secondary diag-
noses on discharge abstracts. In almost any jurisdiction and
for almost any cardiovascular service where interpractitioner,
interinstitutional, or interregional variations in patterns of
service provision have been sought, they are demonstrable.

In sum, descriptive studies showing process-of-care varia-
tions are tantamount to screening tests in medical practice.
They raise the possibility that there may be a problem with
quality, efficiency, or accessibility. However, the finding of
statistically significant variations is predicated on a null
hypothesis that processes of care should vary no more than
would be expected on the basis of the play of chance. Most
such studies apply direct or indirect standardization to con-
trol for differences in the age—sex profile of the populations
being compared, but may not consider myriad other sources
of variation (Box 8.1). In response to that limitation,
researchers may either develop evidence-oriented criteria
to examine decision making at the level of the individual
case, or try to link processes and outcomes of care in the
same study as a means of inferring a causal connection. We
examine both types of studies below.

Criteria-based utilization analyses

Given the limitations of descriptive studies that delineate
variations in processes of care, health services researchers
have developed other methods to determine whether the

Box 8.1 Sources of regional/institutional variation in
service profiles
e Age and sex composition
o Age/sex specific disease incidence
e Random variation with time and place
e Availability and practice organization, such as
« primary care
. specialist services
. hospital services/bed provision
. overall funding levels
. methods of payment
. alternative services
o Referral patterns
e Practice styles of service providers
e Variations in patient expectations, demands, health
education/behaviors
e Rates of previous service (for example, organ removal
where relevant)

right service is provided to the right type of patient for the
right reasons at the right time and place. One approach is
implicit reviews of case records, drawing on the individual-
ized judgments of expert clinicians. Unfortunately, lack of
standardization renders implicit reviews unreliable.3%
Explicit criteria, which form the basis for most process-
of-care analyses in the literature, have the advantages of
standardization and consistency, as well as transparency.
Where necessary, trained staff can apply them retrospec-
tively to medical records without a major time commitment
from clinicians. These studies are described in America as
“utilization reviews” and in the UK as “clinical audits”.®
Process-of-care audits have the advantage of efficiency in
comparison to outcomes studies as quality management
tools. Bad outcomes caused by negligence and incompe-
tence are (happily) rare. Technical competence does not
necessarily equate with good judgment and appropriateness
of service provision. Moreover, bad outcomes from under-
treatment are hard to detect because the impact of modern
cardiovascular care is often to make life only a little better
on average for patients or to reduce their risk of otherwise
rare events. For example, from overviews of randomized
placebo-controlled trials we know that B blockers confer
about a 25% relative reduction in mortality in the first year
after a myocardial infarction. For a cohort of medium-risk
patients, this equates to an absolute reduction in cumulative
postdischarge mortality from 4% to 3%. To show such
a mortality difference on a comparative outcomes audit of
two practices (80% power, 2-sided alpha of 0-05), we
require over 5000 patients per practice; but a 1% mortality
difference presumes absolutely no use of B blockers in the
practice with poorer outcomes. A more realistic assumption
would be that about 70% of eligible patients receive (3 block-
ers in the practice with worse outcomes versus over 95%
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in the exemplary practice. Based on the randomized trials,
this equates to perhaps a 0-2% increase in mortality. To
detect such a small difference in mortality would require
over 100000 patients per practice! In contrast, one could
simply examine charts to see whether patients were getting
B blocker prescriptions, versus 70% in the other practice,
one would only need to examine about 75 charts in each
practice for a reliable assessment.

This latter audit is simple in another respect. We can basi-
cally use randomized trial inclusion and exclusion criteria to
decide who should be getting the drug, make sure there are
no obvious contraindications or medication intolerances
documented on the medical record, and tally whether
patients are getting the treatment that they ought to be
getting. In general, however, audits require close attention
to the validity, application, and applicability of the criteria
chosen (Box 8.2).38

Box 8.2 User’s guide to appraising and applying the
results of a process-of-care audit
o Are the criteria valid?

. Was an explicit and sensible process used to iden-
tify, select, and combine evidence for the criteria?

. What is the quality of the evidence used in framing
the criteria?

. If necessary, was an explicit, systematic, and reliable
process used to tap expert opinion?

. Was an explicit and sensible process used to con-
sider the relative values of different outcomes?

. Ifthe quality of the evidence used in originally framing
the criteria was weak, have the criteria themselves
been correlated with patient outcomes?

o  Were the criteria applied appropriately?

. Was the process of applying the criteria reliable,
unbiased, and likely to yield robust conclusions?

. What is the impact of uncertainty associated with
evidence and values on the criteria-based ratings of
process of care?

e Can you use the criteria in your own practice setting?

. Are the criteria relevant to your practice setting?

. Have the criteria been field-tested for feasibility of
use in diverse settings, including settings similar to
yours?

Adapted from Naylor and Guyatt®®

Validity of audit criteria

To be valid, the criteria must have a direct link either to
improving health (as is obvious with B blockers for second-
ary prevention after AMI) or to lowering resource use with-
out compromising health outcomes. There should be an
explicit and sensible process to identify, select, and combine
the relevant outcomes-based evidence.

The hierarchy of evidence outlined above by Kitching,
Sackett and Yusuf applies here. Evidence from randomized

trials is strongly preferred, but evidence from observational
sources cannot be ignored. For example, from observational
studies within trials, it is plain that the largest survival bene-
fits with thrombolytic therapy are obtained when treatment
is administered early.3° It would be unethical to randomize
patients to receive thrombolysis on a delayed or urgent basis
to determine how large these effects are. Thus, guidelines
now recommend that thrombolytic therapy be adminis-
tered, wherever possible, within 30 minutes of a pateint’s
arrival to hospital.*? Studies from America,*! Canada,*?
the UK,* Italy,** and New Zealand** have all documented
remediable problems with treatment delays in administering
thrombolytic agents to eligible patients. All are classic exam-
ples of criteria-based audits.

If only some of the indications for a particular service
under audit will be covered by high quality evidence, then
weaker sources of evidence, inference, and expert opinion
must often be brought into play, usually through formal
panel processes. Such panels should include an explicit
process for selecting panelists, and a sensible, systematic
method for collating their judgments. In this respect, the
RAND group has pioneered multispecialty panel methods
that are widely emulated.*®® Scenarios are compiled that
describe a potential indication for the procedure or clinical
service in question. Each expert panelist independently
rates hundreds of different case scenarios on a risk—benefit
scale. Scenarios are re-rated at a panel meeting after patterns
of interpanelist agreement and disagreement are shown
anonymously and discussed. The final set of panelists’ rat-
ings then determines whether a given indication is deemed
potentially appropriate, uncertain, or inappropriate.

With this method, it is not clear whether the appropriate-
ness ratings for any given indication rest primarily on research
evidence or inference, extrapolation, and opinion. The rela-
tive values placed on different outcomes are also unclear.
For example, in randomized trials of CABG versus percuta-
neous transluminal coronary angioplasty (PTCA),*-2 PTCA
has a slightly lower early mortality, along with lower initial
costs and more rapid recovery from the procedure. Longer
term mortality data are similar, but CABG patients appear to
achieve better symptom relief, have decreased use of med-
ication, and require fewer subsequent procedures.>> When
an expert panel addresses the respective appropriateness of
PTCA and CABG, the findings reflect these trade offs, but
we cannot be sure that patients themselves would make
the same choices. The conflation of facts and values in
panel-based criteria is highlighted by studies showing that
the nationality of a panel markedly affects the criteria
and results of applying them to cardiovascular procedures
(Table 8.1).20°* Indeed, available evidence would also sug-
gest that hospital practice settings and resource availability
influence panel-based criteria.>> Nonetheless, the RAND
methods compare very favorably with those used to create
several utilization review tools now in widespread use.®
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Table 8.1

Categorization of appropriateness of indications for cardiovascular procedures based on actual audits in the
field: cross-national differences in expert panel assessments

Procedure Location/sample Year n Panel Appropriate  Uncertain  Inappropriate
nationality
Coronary artery ~ USA, 4 hospitals 1979-80 386 American 62 25 I8
bypass graft in Washington State
1979-82 British 41 24 85
UK, 3 hospitals 1987-88 319 American 67 26 7
in Trent region
British b7 27 16
Canada, 13 hospitals  1989-90 556 American 88 9 3
in Ontario and
British Columbia
Canadian 85 11 4
USA, 15 hospitals 1990 1336  American 91 7 2
in New York State
Canadian 85 10 6
Coronary USA, 4 hospitals in 1979-80 376 American 50 23 27
angiography Washington State
1979-82 British 11 29 60
USA, Medicare 1981 1677  American 74 9 17
beneficiaries in
3 states
British 39 19 49
UK, 3 hospitals 1987-88 320 American 71 12 17
in Trent region
British 49 30 21
Canada, 20 hospitals 1989-90 533 American 77 18 5
in Ontario and
British Columbia
Canadian 58 88 9
USA, 15 hospitals 1990 1333  American 76 20 4
in New York State
Canadian 51 39 10

Adapted from Naylor?®

The data show the appropriateness ratings for sets of identical patient charts as described. Each set of charts was assessed
according to criteria derived by expert panels based in the listed countries.

Application and applicability of the audit criteria

Application of explicit process-of-care criteria often rests on
data derived from retrospective chart reviews by profes-
sional auditors. The audit process must therefore be reliable.
Biases can be introduced through skewed sampling of prac-
titioners, hospitals, and patients. Even a meticulous audit,
however, may miss mitigating factors. Thus, in many
instances, if the explicit review shows potential problems

with the appropriateness of a service, the case is assessed by
experienced clinicians to preclude “false positives”.

[t is also crucial that enough cases be reviewed to draw
robust conclusions. For example, in one study, RAND
researchers used explicit criteria to assess the appropriate-
ness of PTCA in 1990 for 1306 randomly selected patients
in 15 randomly selected New York State hospitals.>* The
inappropriate utilization rate varied by hospital from 1% to
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9% (P=0-12). Differences of this magnitude, if real,
could be important to patients, payers, and policy makers.
Thus, this sample size may have been insufficient for the
investigators to confirm important differences in quality
among hospitals.

Although the task is subjective, end users must consider
intangibles such as local medical culture and practice
circumstances before accepting audit criteria that may not
be relevant. The stronger the evidence on which the criteria
are based, the less one needs to consider local factors;
for example, few medical cultures would reject aspirin for
AMI - a cheap and simple drug treatment that has been
definitively proven to yield reductions in mortality. With
weaker evidence and higher costs, however, the judgments
are less straightforward.

Last, even if criteria are sufficiently valid and relevant,
training times and other costs must be considered. Special
logistical problems arise when criteria are used for concur-
rent case management rather than retrospective utilization
review. Any errors associated with concurrent care manage-
ment will have immediate consequences for individual
patients and physicians. Nonetheless, many American
hospitals already do a range of concurrent reviews.

The use of chart audits to infer appropriateness

Table 8.1 shows the proportion of appropriate, inappropti-
ate, and “uncertain” indications for cardiac procedures as
randomly audited in the USA, UK, and Canada.?0~%>8
Since all the procedures shown are used many times more
often in the USA than in the UK, it seems almost paradoxi-
cal that the proportions of inappropriate cases are not much
higher in the USA. The literature has suggested that rela-
tionships between appropriateness of care and cardiovascu-
lar service intensity are similarly weak within nations.?>>8-60

However, two studies shed a slightly different light on
this issue. The rates of all major coronary procedures in
New York State, USA are about twice as high as in Ontario,
Canada.®! Figure 8.1 shows the relative rate of isolated
coronary artery bypass surgery (CABG) for the two jurisdic-
tions by age and anatomy. Overall, only 6% of CABG
patients in Ontario versus 30% of patients in New York had
limited coronary artery disease — one or two vessel disease
without proximal left anterior descending (PLAD) involve-
ment. However, more patients in New York had left main-
stem disease (23% v 16%, P<<0-001). In relative terms, the
differences are most dramatic among elderly persons. For
example, New York brings 17 times as many persons over
the age of 75 to surgery with anatomic patterns of coronary
disease that are not associated with life expectancy gains
after CABG. Nonetheless, much of this extra use could pass
an appropriateness audit, since 90% of the persons with
limited coronary anatomic disease in New York had modet-
ate to severe angina before surgery.®!
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Figure 8.1 Relative rate of isolated CABG for New York State
(NY) and Ontario (ON) according to age and disease anatomy.
Adapted from Tu et al®" PLAD, proximal left anterior descending.

A reasonable inference is that major increases in capacity,
and expansion of population-based services rates, are associ-
ated with diminishing marginal returns. The Canadian
approach — fixed budgets in a universal health system, and
“managed delay” with organized waiting lists®? — seems to
promote more efficient use of resources, with patients receiv-
ing surgery primarily if they are likely to have life expectancy
gain. However, restricted use of coronary angiography leads
to some implicit rationing that affects primarily the elderly,
and a certain proportion of patients at all ages with left
mainstem disease are not detected and/or do not undergo
surgery.

A second study®® of CABG develops this argument more
strongly. Rather than using appropriateness criteria from an
expert panel, Hux et al based their case-specific process
assessments on a meta-analysis of randomized trials by Yusuf
et al® Whereas the broad category of “appropriate” care as
defined by expert panels includes a range of risk—benefit
ratios, a trials-based assessment allowed estimation of the
degree of potential 10 year survival benefit conferred by
CABG surgery among patients for whom, by and large, it
was appropriate. Hux ef al found that only 6% of 5058
Ontario patients undergoing isolated CABG in 1992-93 fell
in the low benefit category — that is, patients for whom
there is no survival advantage from early CABG. However,
the degree of anticipated benefit differed according to the
center where surgery was provided. For instance, the pro-
portion of patients in a high-benefit category ranged from
65-2 t0 79-9% (P<<0-001). Significantly more patients were
in a high-benefit category in hospitals serving areas with
lower population-based rates of CABG. Analyzing the data
by site of residence, there was an inverse relationship
between marginal degree of life expectancy gains and the
surgical rates for each county.%3
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In sum, if one accepts that overtly inappropriate services
are unlikely to be commonplace in any health system, the
relationship between appropriateness of care and population-
based services rates can be redefined. Rather than seeking to
relate the prevalence of bad judgment to high service inten-
sity, or decrying health systems with low service intensity
for rationing care, researchers might better assess whether
the marginal returns of other forms of cardiovascular care
are indeed smaller in areas where those services are used
more frequently. The policy decision then becomes one of
trade offs: given competing demands on scarce healthcare
resources, at what point do the marginal returns of particular
cardiac services become low enough that further investment
in those services cannot be justified?

Evidence-oriented clinicians must be positioned to
contribute to these debates by marshaling comparative uti-
lization data that help decision makers make explicit determi-
nation of the likely yields from funding different sets of
cardiovascular and non-cardiovascular services. Arguably,
they must also use these evaluative tools to safeguard their
patients against inappropriate underuse of necessary services.

Again, explicit process-of-care criteria can be helpful. For
example, analytical variations studies using American data
have repeatedly shown that black and uninsured patients
have lower coronary angiography rates than those who are
insured.®>%7 Laouri et a/® drew on audit data from four
teaching hospitals in Los Angeles and assembled a cohort of
352 patients who met explicitly defined criteria for the
necessity of coronary angiography as established by an expert
panel. The patients were tracked forward for 3 months and,
after adjustment for confounding factors, those managed in
the public hospital system had a 35% rate of angiography
versus 57% for private hospital patients (P<<0-005).

Two recent studies incorporate appropriateness criteria to
provide further evidence for underuse of coronary interven-
tions. The first by Guadagnoli et a/®® examined variations in
coronary angiography after AMI in approximately 50000
elderly Medicare beneficiaries in the USA. Among those
patients with ACC—AHA class 1 indications, coronary angio-
graphy was used less often among Medicare beneficiaries
enrolled in managed-care plans than among those with
fee-for-service coverage. Moreover, utilization rates among
elderly patients with class I indications for angiography were
low in both groups (37% v 46%), suggesting room for
improving the care of such patients with acute myocardial
infarction. In contrast, the rate of angiography use among
those with ACC-AHA class III indications (where angio-
graphy was deemed not useful) was similarly low (13%) in
both groups. The second prospective study applied appropri-
ateness ratings for coronary revascularization procedures to
2552 patients identified at the time of coronary angiography
for various indications. Among 908 patients with indications
appropriate for PTCA, 34% were treated medically. Among
1353 patients with indications appropriate for CABG,

26% were treated medically. Relating processes to outcomes,
the research team also found that medically-treated patients
deemed appropriate for revascularization were more likely to
experience adverse events downstream.”®

The lesson, simply put, is that evidence must be sought
for both inappropriate overuse and underuse of cardio-
vascular services in any and all healthcare systems.

Outcomes studies and process-outcome
relationships

Types of outcome studies

Researchers, clinicians, and administrators alike are also
drawing on outcomes with increasing frequency as a means
of assessing quality of care. To repeat a point made earlier,
various biases threaten the validity of inferences drawn
from these non-randomized studies; but they have a useful
role both in monitoring quality of care and as a source of
evidence when randomization is not feasible or appropriate.

Just as studies in the 1960s and 1970s showed geo-
graphic and institutional variations in broad markers of
processes of care, so also did the 1980s and 1990s see the
publication of research demonstrating significant mortality
differences across physicians,”! hospitals,’? regions,”® and
health systems.” The magnitude of mortality variations has
been meaningful, even amongst relatively homogeneous
groups of patients. For example, Tu et a/ demonstrated
marked interhospital and interregional variations in 1 year
risk-adjusted mortality rates for patients hospitalized between
1994 and 1997 in one Canadian province. Mortality ranged
from 20-8% to 27-4% across regions, and from 17-6% to
32-3% across hospitals admitting 100 or more AMI cases
per year.”> Regional variations persist even in highly selected
subpopulations of patients. Pilote et al demonstrated that
1 year AMI mortality rate across eight US census regions
ranged from 8-:6% to 10-3% among the population enrolled
in GUSTO-1.73

As with descriptive studies of variations in process
of care, these high-level outcomes studies function largely
as screening tests: they often raise more questions than
answers. Researchers use multivariate analyses to adjust
for prognostic differences in the patient populations being
compared. However, since patients are not randomized
to different sites or regions, there is uncertainty about
the extent to which unmeasured variation in patient
characteristics accounts for the residual outcomes variation.
Furthermore, the higher the level of comparison and the
longer the follow up, the more uncertain the causal
inferences become. Regional differences in long-term AMI
outcomes, for example, may reflect genetic differences in
populations, environmental factors, regional variation in
health behaviors and socioeconomic status, as well as more
conventional factors such as variations in processes of care
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on the index hospitalization and follow up interventions (for
example, revascularization or rehabilitation).

For convenience, we suggest that outcomes analyses in
health services research can be classified variously as quality-
of-care screening studies or process/outcome hypothesis
Studies.

Quality-of-care screening studies focus on outcomes to
detect variations in quality of care. They are most powerful
when applied to short-term outcomes that are closely tied to
a particular episode of illness or procedure, and a provider
or institution. In these circumstances, causal inferences are
more straightforward. Their applicability is clearest for tech-
nically demanding procedures, such as PTCA or CABG,
where variations in outcomes are taken as proxies for opera-
tor skill. However, even in such instances, other factors
in pre- and perioperative care may be important. For rela-
tively homogeneous diagnoses, outcomes studies may also
sometimes be a useful screen to determine if detailed
process-of-care analyses are required. For example, if inhos-
pital mortality were found to be similarly low across a whole
set of institutions, there would be little rationale for under-
taking a major audit of processes of care.

Ultimately, the goal of such studies is to isolate one or
more process-of-care factors that can be modified to lead to
consistently better outcomes. Outcomes analyses may also
be used to validate process-of-care criteria or their applica-
tion, for example, the study of underuse of revascularization
by Hemingway et al cited above.”® In this sense there is
overlap between the two categories of non-randomized out-
comes studies. But an important distinction should also be
drawn. Quality-of-care studies are concerned with the appli-
cability of existing evidence in a particular context. Other
outcomes studies may be initiated with a view to deriving or
supporting generalizable hypotheses about the process—
outcome relationship. They are poor cousins to randomized
trials from the standpoint of strength of evidence. For true
efficacy assessments, randomized trials are usually possible
and always preferable, given the unavoidable biases of
observational studies.”® A poorly conducted non-randomized
outcomes comparison for quality management purposes
may at worst mislead patients and tarnish the reputation of
a number of capable cardiologists or cardiac surgeons.
A poorly conducted non-randomized outcome comparison
of two treatments may, if taken seriously, misguide clinical
practice worldwide.

That caveat aside, these process/outcome hypothesis
studies can be useful to illustrate unanticipated harm from
interventions, test the external validity of randomized trial
results, generate hypotheses about interventions that may
be worth testing with formal experimental designs, and,
in special circumstances, provide an acceptable level of
evidence for adopting a particular intervention.

There are many methods available for examining the
relationship between processes of care and outcomes. The

simplest method is to draw broad causal inferences using
ecological comparisons, for example, correlating differences
in processes and outcomes across two or more institutions
or jurisdictions. However, the greater the difference between
service settings being compared, the more difficult it is to be
sure that patients were similar, or to isolate which aspects, if
any, of the process of care relate to the outcomes observed.
This is especially true when comparisons are made on a
broad geographic footing between regions or countries in
which populations and processes of care differ in many
ways. In these latter comparisons, we are obviously veering
away from the use of non-randomized outcomes data to
benchmark technical quality of care for homogeneous pro-
cedures, and entering the more complex realm of process/
outcome hypothesis studies.

This genre is typified by several studies showing that
Canadian patients have more symptoms, worse functional
status, or higher death/re-admission rates after AMI than do
American patients. The reasons for these differences, how-
ever, are unclear. For example, Mark et a/’® in a GUSTO-1
substudy found that, while rates of revascularization were
much higher in the USA, Canadians drew their post-MI care
more often from family physicians and general internists,
while Americans relied more on cardiologists and received
more cardiac rehabilitation services.”® In other words, revas-
cularization was only one factor among many that might
explain differences in outcomes across two health systems.

In an effort to limit the effects of competing process fac-
tors, analysts have borrowed the concept of instrumental
variables from econometrics.®! This approach compares
patients’ outcomes according to some characteristic that
sharply distinguishes the care of two or more groups of
patients. Thus, one might attempt to elucidate the impact of
differences in the rate of revascularization across hospitals
with and without on-site interventional capacity. Alter et a/”?
recently used such a design to show that hospitals with
on-site revascularization facilities had a lower rate of non-
fatal composite outcomes (recurrent cardiac hospitalization
and emergency department visits), and were also 3-5 times
more likely to refer patients to myocardial revascularization
procedures. Yet, despite the markedly higher rates of
invasive procedures, the non-fatal outcome advantages of
invasive-procedure hospitals were actually explained by
their teaching status!

In sum, given the relatively weak inferences possible
from most observational studies of outcomes, alternative
strategies for ensuring the quality of medical care should
always be considered. It will often be feasible and more effi-
cient to use randomized trials or meta-analyses of trials to
establish optimal management strategies, and then ensure
that quality of care is maintained by monitoring the process
of care in that well-proven practices are consistently applied
to eligible patients. On the other hand, for high volume and
technically demanding procedures where reasonable risk
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adjustment methods can be brought into play, outcomes
measurement has merit for quality control so long as the
results are interpreted carefully. Finally, studies aimed at
delineating process—outcome relationships will continue to
be valuable, but researchers and evidence-oriented practi-
tioners alike will often find that the interpretation of the
findings plunges them into a thicket of causes, effects, and
epiphenomena.

Special challenges in non-randomized
outcomes studies

In this section, we delve more deeply into some of the ana-
Iytical challenges of non-randomized outcomes studies.
Many types of biases have been described in the litera-
ture,383 but selection bias is a recurrent concern whether
one is comparing the outcomes of two cardiac surgeons, or
using non-randomized data to develop hypotheses about the
effectiveness of pharmacologic or non-pharmacologic thera-
pies in real-world settings. Indeed, the ubiquity of selection
bias in health services research arises from the fact that ordi-
nary good judgment in practice inevitably means that there
are systematic differences in the characteristics of patients
who are selected for particular interventions as compared to
those who are not.

Patients selected post-MI to undergo coronary angiography,
for example, are often younger and healthier than other MI
victims.”?®2 The survival benefits observed for those undergo-
ing angiography may therefore be due to prognostic charac-
teristics rather than to revascularization consequent upon
angiography. This latter phenomenon is known as confound-
ing and is a common result of selection biases. Confounding
occurs when particular factors are associated with both a
study (process) variable and the outcome of interest.

Researchers therefore routinely employ some form of mul-
tivariate analysis to adjust for imbalances in prognostic fac-
tors between groups under study. A complementary strategy
is to confirm the consistency of the findings after restricting
the analysis to a relatively lowsrisk subgroup of the patients
being examined.”® Eliminating patients in higher risk cate-
gories associated with more widely varying physiologic
states increases the likelihood of a “level playing field” for
comparisons.

For many common procedures and diagnoses, researchers
can draw on validated prognostic indices and risk-adjustment
algorithms as signposts in carrying out study-specific multi-
variate analyses. For frequently studied procedures such as
CABG, major studies have tended to show relative consis-
tency in the types of prognostic clinical factors that must be
taken into account for risk adjustment purposes.* Not sur-
prisingly, risk-adjustment models appear to perform some-
what better with clinical as compared to administrative
data.®> However, the key to predictive performance appears
to be better data, not more variables. Studies have suggested

that the accuracy of risk-adjustment models reaches a
plateau after use of only a few key variables. Tu et al,% for
example, examined risk-adjusted hospital mortality rates for
CABG with multisite registry data. They determined that six
core variables in a risk-adjustment model (age, gender,
emergency surgery, previous CABG, LV dysfunction, left
main disease) permitted modest discrimination between
patients who did and did not die postoperatively (area under
the receiver operating characteristic [ROC] curve = 0-77).
Statistical performance improved only trivially with the
inclusion of six additional characteristics, and the relative
rankings in the risk-adjusted mortality rates between hospi-
tals did not change. Notwithstanding these studies, the ulti-
mate number as well as the type of clinical variables
required in a risk-adjustment model will obviously depend
upon the disease being assessed, the processes and out-
comes of interest, and the unit of analysis (for example,
risk-adjusted mortality rates per physician v per hospital).

Propensity scores can also be used to contain the impact of
confounding.?” This method reduces the entire collection of
background characteristics into a single composite character-
istic (that is, the propensity to receive treatment v no treat-
ment), which is then used to subclassify patients further into
categories of relative equal propensities. Accordingly, the
case-mix composition of patients with similar propensities is
balanced, and outcome differences can be directly compared
between those receiving and not receiving treatment.

While not a solution for confounding per se, hierarchical
statistical modeling has recently found favor as a useful ana-
Iytical tool in outcome studies.?®# Data in health research
frequently exist in an ordered hierarchical structure: that is,
patients are managed by physicians who practice within
hospitals. In contrast, traditional multivariate techniques
ignore the natural hierarchy of data and treat each observa-
tion as if it were independent (Figure 8.2).

Traditional multivariate models
[ [ |

Physician level Hospital level

Patient level

Hierarchical multivariate models

Hospital level

Physician level

Patient level

Figure 8.2 Schematic view of hierarchical v traditional
models
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The use of hierarchical modeling makes intuitive sense
since patients may share higher-level characteristics, leading
to observations that are not necessarily independent of one
another. The existence of standardized inhospital processes
of care (for example, treatment protocols and care maps)
may result in greater homogeneity in treatments across
patients admitted to a particular institution. Accordingly, the
use of traditional multivariate analyses may lead to an artifi-
cially inflated number of independent observations and an
underestimate in the magnitude of standard error and
potential alpha error.”

While the embedding of multivariate analyses in a
hierarchical structure has obvious advantages, neither this
technique nor fastidious risk-adjustment methods can match
the effectiveness of randomization when balancing the case-
mix distribution between two groups, especially because
researchers and quality-of-care evaluators are unlikely to
know all the prognostic factors that interact with processes
of care and may alter outcomes. Moreover, even if key prog-
nostic confounders are known, they may not all have been
measured or recorded accurately. Box 8.3 sets out some
general principles that may be useful when researchers
appraise non-randomized outcome studies.3®

Box 8.3 User’s guide to appraising an observational

outcomes study

e Are the outcome measures accurate and comprehensive?

o Were there clearly identified, sensible comparison
groups?

e Were all important determinants of outcome measured
accurately and reliably?

e Were the comparison groups similar with respect to
important determinants, other than the one of interest?

o  Was multivariate analysis used to adjust for imbalances
in patient prognostic factors and other outcome deter-
minants?

e Did additional analyses (particularly in low-risk sub-
groups) demonstrate the same results as the primary
analysis?

e Did any multivariate analysis take into account natural
heirarchies in the data, such as clustering of patients
within providers’ practices and/or within institutions?

Adapted from Naylor and Guyatt®®

Changing practice patterns

General considerations

Practices clearly change over time in response to published
evidence. At times, these changes can be rapid and dramatic,
particularly when an innovation is associated with over-
whelmingly positive risk—benefit ratios and is feasible for large
numbers of practitioners to adopt. This model of knowledge-
based practice change is termed passive diffusion. Its impact

is heightened by the extent to which the mass media pick
up major medical advances, and by the marketing initiatives
of drug and device manufacturers. However, as implied by
studies showing unexplained and undesirable variations in
practice patterns, the model of passive diffusion leads to
inconsistent uptake of evidence into practice.

How, then, can evidence be incorporated into practice
more consistently, and what happens when data are in hand
showing either that practice departs sharply from what
available evidence suggests should be the norm, or that
technical competence is below standard? How can the gap
between “is” and “ought” in medical care be closed? These
questions relate to changing physician (and system) per-
formance, and follow logically from work done to measure
or assess practice processes and outcomes.

Although there is limited randomized evidence on this
topic for specific aspects of cardiovascular care, a wealth of
experience — some unhappy — has shown that direct incen-
tives and disincentives, financial and otherwise, can have a
major impact on practice. Bonuses are paid in American
managed care organizations if practitioners meet certain
financial and clinical performance targets. Within the UK
National Health Service, meeting targets for prespecified
preventive services leads to extra payments for general prac-
titioners; and the new rating system for hospital trusts offers
administrative autonomy and preferential access to capital
funding as a reward for strong performance on measures
of quality, accessibility, and efficiency. Simply shifting the
mode of physician payment may be an effective way of mod-
ifying behavior. For example, exponents of fee-for-service
remuneration of cardiovascular medicine and surgery argue
that salary and capitation schemes impose a risk of under-
servicing. Critics of fee-for-service argue that it undervalues
quality and cognitive services, and creates a conflict of inter-
est that promotes the use of procedures. As to non-financial
incentives and disincentives, the range of options includes
merit awards, disciplinary proceedings, and litigation.

Arguably more relevant to the evidence-oriented practi-
tioner is the available information on non-administrative
mechanisms to improve physician performance that rely on
voluntary knowledge- or information-based change. Such
initiatives have the advantage of calling forward the better
instincts of health professionals who, with few exceptions,
seek first to serve patients as competently as possible.

Exponents of clinical guidelines initially believed that dis-
semination of guidelines might prove a key component in
catalyzing knowledge-based improvements in physician per-
formance.’! Guidelines would usefully compile the totality
of relevant evidence on several related aspects of a clinical
condition, treatment, or procedure. The evidence-oriented
practitioner would no longer have to comb through the clin-
ical literature, critically appraise it, and keep the relevant
materials at hand or in her/his memory. The guideline
would instead provide a convenient source of definitive
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evidence. Furthermore, because inference, expert judgment,
values, and circumstances could be used in developing
guidelines, clinicians would be able to rely on regionally-
developed guidelines to navigate the many “grey zones” of
clinical practice?® where evidence alone was insufficient.
Finally, guidelines could be developed, endorsed and dissem-
inated by authorities with clinical credibility, lending weight
to evidence that might otherwise appear rather impersonally
in clinical journals.

Lomas®? termed this latter approach the model of active
dissemination, and criticized its prospects for success on the
grounds that it ignored other factors in the practice environ-
ment, and presupposed that information acquisition alone
leads to behavior change. The available evidence does sug-
gest that there is some impact from more active approaches
to informing and educating physicians about relevant clini-
cal advances or guideline content.”> However, the more pas-
sive the educational process, and the more removed it is
from physicians’ own practice context, the less likely it
appears to succeed.

Researchers and administrators have accordingly devel-
oped an array of non-coercive interventions designed to
improve physician performance (Box 8.4). In 1995 Davis
et al®* and Oxman et al>> conducted systematic reviews of
all the available controlled studies of the effects of these
strategies on physicians’ and other health professionals’ pet-
formance. They included any strategy designed to persuade
physicians “to modify their practice performance by com-
municating clinical information”. Purely administrative
interventions or financial and similar applied incentives and
disincentives were excluded.

There were 99 studies involving physicians and a further
three on other health professionals’ behavior. Most of the
studies on physician performance focus on internists or fam-
ily physicians, and specific cardiovascular studies are limited
in number to date. Single-intervention studies had positive
effects on process or outcome parameters in 49/81 (60%) of
trials where they were applied. Short educational seminars
or conferences and dissemination of educational materials
(printed or in audiovisual format) were least effective of all
the single-intervention modalities explored. This finding
supports proponents of implementation as opposed to
dissemination.

Simple audit-and-feedback studies had limited impact.
However, it is important to distinguish the types of studies
that fall into this category. For example, in randomized
studies from the early 1980s, investigators showed that
a computer-based monitoring system with reminders and
feedback led to significantly better follow up and blood pres-
sure control for patients with hypertension.”®” Two
controlled studies by Pozen et al®” showed that a
point-of-service strategy to facilitate implementation of a
predictive algorithm for chest pain diagnosis reduced inap-
propriate use of coronary care units. These studies can best

Box 8.4 Some methods used to alter physician per-

formance/behavior

o Education materials: Distribution of published or
printed recommendations, including practice guidelines
and audiovisual materials or electronic publications.

o Conferences: Participation of healthcare providers in
conferences, lectures, workshops, or traineeships out-
side their practice settings.

e Outreach visits: Use of a trained person who meets
with providers in their practice settings to provide infor-
mation. The information given may include feedback on
the provider's performance.

e Local opinion leaders: Use of providers explicitly
nominated by their colleagues to be “educationally
influential”

o Patient-mediated interventions: Any intervention
aimed at changing the performance of healthcare
providers for which information was sought from or
given directly to patients by others (for example, direct
mailings to patients, patient counseling delivered by
others, or clinical information collected directly from
patients and given to the provider).

e Audit and feedback: Any summary of clinical perform-
ance of healthcare over a specified period, with or without
recommendations for clinical action. The information
may have been obtained from medical records, comput-
erized databases or patients or by observation.

e Reminders: Any intervention (manual or computerized)
that prompts the healthcare provider to perform a clini-
cal action. Examples include concurrent or intervisit
reminders to professionals about desired actions such
as screening or other preventive services, enhanced lab-
oratory reports or administrative support (for example,
follow up appointment systems or stickers on charts).

e Marketing: Use of personal interviewing, group discus-
sion (focus groups) or a survey of targeted providers to
identify barriers to change and the subsequent design of
an intervention.

e Local consensus processes: Inclusion of participating
providers in discussion to ensure agreement that the
chosen clinical problem is important and the approach to
managing it appropriate.

Modified from Oxman et a/®®

be regarded as “reminder” studies because there is continu-
ous feedback at point of service. Audit-and-feedback studies
that appear to be ineffective are those where data are col-
lected and cumulated about processes or outcomes, and fed
back only intermittently to practitioners without mecha-
nisms to ensure local buy-in, to address local barriers to
change, or to rectify specific gaps in clinical knowledge that
may be associated with aberrant practice patterns.

The latter distinction also highlights the fact that feed-
back can occur concurrently with service provision or retro-
spectively (that is, after the service has been provided).
Concurrent audit and feedback arguably is taken to its
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administrative conclusion in utilization management pro-
grams that refuse to authorize payment for a cardiovascular
procedure unless the patient meets certain criteria, or in
mandatory second opinion programs. These types of pro-
grams were not included in the reviews by Davis et a/%*
and Oxman et al.”

The methods that had the most consistent effects were:
outreach visits including formal academic detailing and opin-
ion-leader studies, where an educationally influential physi-
cian was nominated by local peers to be the vector for the
information; physician reminder systems at point of service;
and patient-mediated methods, including reminders or edu-
cational materials. If two or more modalities were combined,
then the effects were greater — that is, combining two effec-
tive methods (for example, academic detailing with support
from a local opinion leader) had more impact than combin-
ing two less effective methods (for example, audit-and-
feedback combined with a one-day seminar). Multifaceted
interventions showed the strongest effects, with 31 of 39
(79%) positively affecting processes or outcomes of care.

Davis et a/°* noted that most interventions appear to
have a greater impact on process-of-care measures and other
indices of physician performance, than on patient outcomes.
They postulated that this may be because the clinical inter-
ventions themselves have limited impact (a rationale for the
power argument given earlier), and because patients do not
always accept physician recommendations. They also sug-
gest that a recurring weakness in interventions designed to
improve processes and outcomes of care is a failure to con-
duct a needs analysis that addresses barriers to change.

These systematic reviews of practice-change interven-
tions do not provide definitive evidence about which behav-
ior change interventions are most effective and efficient in
particular contexts or clinical conditions. This is because the
studies cover a wide range of clinical condition and provider
groups, rendering inferences across studies difficult. As
in any meta-analysis, cross-study inferences involve non-
randomized comparison with all their potential pitfalls.
Furthermore, factorial designs in behavior changes studies
have been more the exception than the rule, and it is there-
fore usually unclear as to which element(s) in a multifactor-
ial strategy was (were) truly effective. Nonetheless, the
evidence from controlled trials does suggest that practice
changes are best achieved by combining credible evidence
or information with active local strategies of implementation
using multifactorial methods. Such multifactorial initiatives
are further supported in a recent qualitative study examin-
ing factors leading to increasing B blocker use after AMI.!%°
Hospitals with greater improvements in B blocker use over
time, when compared to those having less or no improve-
ment, were more likely to have shared goals, substantial
administrative support, strong physician leadership advocat-
ing B blocker use, and incorporation of credible data
feedback programs.

The case of outcomes report cards

The interest in outcomes measurement to assure technical
competence has led to statewide initiatives whereby all car-
diac surgery centers in New York and Pennsylvania, USA,
are mandated to provide clinical data to permit compilation
of publicly released mortality “report cards” on their CABG
patients. (More recently, cardiovascular report cards have
included interregional and hospital-specific AMI mortality
rates, process indicators, (for example, evidence-based ther-
apies and cardiac intervention rates post-AMI),”>!%! and
patient satisfaction with hospital care.'%?)

The CABG report cards provide a final case study that
bridges some of the material presented above on outcomes
assessment and behavior change. In New York between
1989 and 1992, inhospital postoperative mortality of CABG
showed an unadjusted relative decline of 21%.!%%194 Patients
were apparently becoming sicker in the same period, so that
the risk-adjusted mortality decline was computed as 41%.
Exponents of outcomes reporting claim that this improve-
ment was catalyzed by a reporting system that provided
relevant data to patients, administrators, and referring physi-
cians.!93104 There can be no doubt that the New York and
Pennsylvania report cards have pinpointed problems with a
few operators who had very poor technical outcomes. The
key question is how much of the overall improvement in
mortality can be attributed to public outcomes reportage.

Some critics contend that the trend is confounded by two
factors. More assiduous coding of risk factors would artefac-
tually increase the overall expected mortality, and surgeons
could generate better mortality profiles by selectively turn-
ing down high-risk patients, even though such patients may
have most to gain from CABG. There has indeed been a
striking increase in the prevalence of various reported risk
factors in the New York database since its inception. For
example, prevalence of congestive heart failure rose from
1:7% in 1989 to 7-:6% in 1991; renal failure rose from 0-4%
to 2-8%, chronic obstructive pulmonary disease (COPD)
from 6-9% to 17-4% and unstable angina from 14-9% to
21-8% in the same period.'® As well, a survey'% of ran-
domly selected cardiologists and cardiac surgeons in
Pennsylvania found that about 60% of cardiologists reported
greater difficulty in finding surgeons who would operate on
high-risk patients; a similar number of surgeons reported
that they were less willing to operate on such patients.
However, this type of survey is weak evidence for harm
done by untoward case selection, and internal New York
data do not support such a trend in the state.!?

A more telling criticism is the fact that ecological correla-
tions between falling mortality and initiation of reportage
are tantamount to a case series in medicine. They provide
weak and uncontrolled evidence for causation. In fact, the
above-noted survey!® of randomly selected cardiologists in
Pennsylvania showed that most referring physicians did not
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view the Pennsylvania guide as an important source of infor-
mation because of concerns about inadequate risk adjust-
ment, unreliable data, and the absence of indicators of quality
other than mortality. Schneider and Epstein'® later surveyed
patients undergoing cardiac surgery in Pennsylvania to deter-
mine the impact of the statewide consumer guide to the
performance of hospitals and individual surgeons. Only 12%
of the patients were aware of the guide before undergoing
a CABG, and less than 1% knew the correct rating of their
hospital or surgeon or reported that such information had
any meaningful influence on their selection of a provider for
open-heart surgery.

[t is perhaps not surprising that, more generally, a recent
overview by Marshall er a/'® found little evidence for
consumer-driven market shifts arising from public report
cards about specific diseases or procedures. It appears more
plausible that the publication of outcomes “report cards”
facilitates change by sensitizing politicians, public servants,
and the governing bodies of hospitals to the existence of
outcome variations. For example, after the publication of
the CABG “report card”, New York State insisted on attain-
ment of centerspecific minimum case volumes before
certifying any cardiac surgery program.

On the other hand, in the absence of any report cards, the
drop in post-CABG mortality in neighboring Massachusetts! !
has rivaled that seen in New York and Pennsylvania.
Technical improvements in surgery, together with closer
quality monitoring at the institutional level, appear to be the
primary reason for these improved outcomes.

Given what has been learned about physician behavior
change, the controversy about the New York State and
Pennsylvania programs is hardly surprising, These externally
mandated experiments in outcomes assessment contrast with
initiatives that involve influential professionals and promote
local buy-in from the outset. O’Connor discusses elsewhere in
this volume the successful regional collaboration for continu-
ous quality improvement that was developed in northern
New England by involving cardiac surgeons in a systematic
examination and improvement of processes and outcomes of
care.!'''"113 In Canada, a similar cooperative venture exists
through the Cardiac Care Network of Ontario, which draws
together representatives of all major cardiovascular referral
centers in the province.''# Historically, confidential report
cards on mortality and length of stay were generated for the
chief of cardiac surgery and CEO (cheif executive officer) at
each center, using risk adjustment algorithms coauthored by
leaders of the Cardiac Care Network itself.2* CABG out-
comes in Ontario are comparable to those in New York and
Pennsylvania. Moreover, as in Massachusetts, the trend to
improved outcomes antedates the report card system.!!>116
Most recently, hospital-specific CABG outcomes in Ontario
have been made available to the public.

In summary, the unresolved issues with public outcomes
report cards include validity and reliability of the data and

the risk adjustment algorithms, as well as inadvertent adverse
effects (for example, avoidance of high-risk patients, and
consumers’ or referring physicians’ focus on point estimates
rather than statistically reliable ranges). Potential harm to
the public from substandard technical competence must be
weighed against needless patient anxieties and confusion,
along with harm to skilled health workers and fine institu-
tions caused by poorly founded and widely publicized infer-
ences about inferior outcomes. Debate continues, but it is
untenable to assume that all hospitals or providers are equally
technically competent, and the public has an unequivocal
right to receive reliable and current data on physician and
hospital performance. Thus, the trend must inexorably be
toward greater public reporting of both process and
outcome indicators of quality of care. The challenges for
evidence-oriented practitioners are to ensure that the right
indicators are chosen, that reliable data are analyzed appro-
priately, and that responsible reporting mechanisms are
developed.

Conclusions

Assessing cardiovascular practices involves observational
methods that can focus on either processes or outcomes of
care. Methodologies for process-of-care assessments range
from simple descriptive studies revealing variations in prac-
tice, to highly sophisticated case-specific audits using explicit
criteria. Process-of-care assessments are more efficient than
outcomes assessments in many respects, and lend them-
selves to measuring both over- and underuse of necessary
cardiovascular services, thereby shedding light on quality
and accessibility of care.

Observational outcomes measurement is nonetheless use-
ful in assessing provider or institutional quality of care for
high volume and relatively homogeneous procedures where
technical skill is a factor. These comparisons must be made
with caution, given the inevitable influence of unrecognized
confounding through selection biases inherent in routine
practice. The use of well-validated risk adjustment algo-
rithms is imperative to improve the chances that differences
in outcomes arise from the technical quality of care pro-
vided, rather than from differences in prognostic character-
istics of patients themselves. Observational outcomes studies
can also be undertaken cautiously to illustrate unanticipated
harm from interventions, test the external validity of ran-
domized trial results, generate hypotheses about interven-
tions that may be worth testing with formal experimental
designs, and, very rarely, provide an acceptable level of
evidence for adopting a particular intervention.

To reduce general inconsistencies in the uptake of evi-
dence into practice, and to redress instances where process
or outcomes of clinical care are measured and found want-
ing, several proven strategies are available. First, while new
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evidence published in journals or distilled into educational
materials and practice guidelines does change practice
through passive diffusion, evidence is most likely to have an
impact if actively disseminated and made relevant and salient
locally to practitioners. Strategies to achieve this end include:

reminder systems

concurrent audit and feedback

local outreach through academic detailing
patient-mediated interventions

local involvement of an educationally influential practi-
tioner, and

e a local needs assessment with a consensus among
providers on the issues as well as the barriers and facili-
tators to positive change.

In conclusion, the practitioner of evidence-based cardio-
vascular medicine and surgery is increasingly challenged to
stay abreast of his or her field and to maintain technical
competence in performing ever more exacting procedures.
Information systems in practice can and will be re-engineered
to be more conducive to evidence-based clinical decision
making. However, it will also remain important to assess
practice patterns on a systematic basis, to share that infor-
mation with patients and providers, and wherever neces-
sary, take steps to improve physician performance with a
view to optimizing the quality, accessibility, and efficiency of
cardiovascular care.
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Grading of recommendations and
levels of evidence used in
Evidence-based Cardiology

GRADE A

GRADE C

Level 1a  Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b  Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c  Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the

new therapy.

Level 3 Evidence from at least one high quality case—control
study.
Level 4  Evidence from at least one high quality case series.

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from

physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of B blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of B blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.

Recommendation grades appear either within the text, for example,
Grade A and Grade Ala or within a table in the chapter.

The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.
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9 Global perspective on cardiovascular

disease

K Srinath Reddy

Introduction

In the second half of the 20th century, cardiovascular dis-
eases (CVD) became the dominant cause of global mortality
and a major contributor to disease related disability. In the
first half of the 21st century this pattern will become even
more pervasive as the CVD epidemic accelerates in many
developing regions of the world, even as it retains its pri-
macy as the leading public health problem in the developed
regions.'”’

In 2000, CVD accounted for 16-7 million deaths glob-
ally.! Coronary heart disease (CHD) and stroke were then
leading contributors, with a death toll of 6-9 million and
5-1 million, respectively. According to estimates provided by
the World Health Organization, in 1998 30-9% of all global
deaths were due to CVD. Both men and women experi-
enced these burdens, with CVD contributing to 28% of the
deaths in the former and 34% of the deaths in the latter.?
The low and middle income countries contributed 78% of
all CVD deaths, and 86-3% of disability adjusted life year
(DALY) loss attributed to CVD that year. Although these
large absolute burdens reflect the large population sizes of
the developing countries, proportional mortality rates of
deaths attributable to CVD have also been rising in these
countries, from 24-5% in 1990 to 28-5% in 1998. The rela-
tive importance of CHD and stroke vary across regions and
from country to country. For example, more than twice as
many deaths from stroke occurred in the developing coun-
tries as in the developed countries.> CHD was the dominant
form of CVD in the developed countries, Latin America and
India, whereas stroke was the leading cause of cardiovascu-
lar death in sub-Saharan Africa, China and other parts of
Asia. Developing countries such as Argentina, Colombia and
China now have CVD mortality rates higher than those of
most other countries. Argentina currently exceeds many
European and North American countries in its CVD mortality
rate.”

The rise and recent decline of the CVD epidemic in the
developed countries have been well documented.®!! The
identification of major risk factors through population based
studies, and effective control strategies combining commu-
nity education and targeted management of high-risk indi-
viduals, have together contributed to the fall in CVD

mortality rates (inclusive of coronary and stroke deaths) that
has been observed in almost all industrialized countries. It
has been estimated that, during the period 1965-90, CVD
related mortality fell by 50% or so in Australia, Canada,
France and the United States, and by 60% in Japan.® Other
parts of western Europe reported more modest declines
(20-25%).8 The decline in stroke mortality has been more
marked than the decline in coronary mortality. In the USA
the decline in stroke mortality commenced nearly two
decades earlier than that in coronary mortality and main-
tained a sharper rate of decline.!® During the period
1979-89, the age-adjusted mortality from stroke in that
country declined by about one third, and the corresponding
decline in coronary mortality was 22%.'° In Canada, Japan,
Switzerland and the United States, stroke mortality has
declined by more than 50% in men and women aged 65-74
years since the 1970s.'" In Japan, where stroke mortality
outweighs coronary mortality, the impressive overall decline
in CVD mortality is contributed principally by the former.
However, recent trends in some of the developed coun-
tries have been of some concern. A flattening of age
adjusted mortality rates for major cardiovascular diseases in
the USA has been reported since 1990, with an especially
well documented absence of a decline in stroke mortality
since that year (Figure 9.1). This has been accompanied by
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Figure 9.1 Age adjusted (to 2000 standard) mortality rates
for major cardiovascular diseases in the United States from
1900 to 19972
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an increase in mortality from congestive heart failure. Lack
of decline in incidence of CHD and stroke, fall in the rate of
decrease in cardiovascular risk factor levels and rising levels
of obesity since 1990 have all been incriminated as factors
responsible for such a plateau effect on CVD mortality rates
in the USA over the past decade.?

The discordant trend of rising CVD mortality rates in east-
ern and central Europe, however, is in sharp contrast to the
decline in western Europe. In countries such as Bulgaria and
Hungary, CHD mortality rates are now the highest in the
world in both men and women, and are still rising.® The aver-
age life expectancy in Russian males has fallen rapidly in
recent years to below 60 years, a phenomenon to which rising
CVD rates have contributed substantially.'>'> Considerable
variations in CVD mortality trends have been described across
central and eastern Europe.'® Whereas Poland has demon-
strated a recent decline in CVD mortality, many other coun-
tries are still manifesting a rise. The 25% decline in CHD
mortality observed in Poland during 1991-93 has been attrib-
uted to an increase in the consumption of fresh fruit and
vegetables.!”

Rheumatic heart disease (RHD) is also a major burden in
the developing countries: it is the most common CVD in
children and young adults. Although it is rare in the devel-
oped countries, at least 12 million persons are currently esti-
mated to be affected by RHD globally.> More than 2 million
require repeated hospital admission and 1 million will need
heart surgery over the next 20 years.?> Annually, 500 000
deaths occur as a result of RHD, and many poor persons,
who are preferentially affected, are disabled because of lack
of access to the expensive medical and surgical care
demanded by the disease. The prevalence of RHD in the
developing countries ranges from 1 to 10 per 1000 and the
incidence of rheumatic fever ranges from 10 to 100 per
100000, with a high rate of recurrence.

Early age of CVD deaths in
developing countries

Although the present high burden of CVD deaths is in itself
an adequate reason for attention, a greater cause for con-
cern is the early age of CVD deaths in the developing coun-
tries compared to the developed countries. For example,
in 1990 the proportion of CVD deaths occurring below the
age of 70 years was 26-5% in the developed countries, com-
pared to 46-7% in the developing countries.* The contrast
between the truly developed “established market economies”
(22-8% of CVD deaths <70 years) and a large develop-
ing country such as India (52-2%) was even sharper.> There-
fore, the contribution of the developing countries to the
global burden of CVD, in terms of disability adjusted years of
life lost, was 2-8 times higher than that of the developed
countries.

Epidemiologic transition and the evolution
of the CVD epidemic

What is the “transition”?

The health status and dominant disease profile of human soci-
eties have been historically linked to the level of their eco-
nomic development and social organization at any given stage.
The shift from nutritional deficiencies and infectious diseases
as the major causes of death and disability, to degenerative dis-
orders (chronic diseases such as CVD, cancet, diabetes) has
marked the economic ascent of nations as they industrialized.
This has been called the epidemiologic transition.

The economic and social changes that propel this transi-
tion are related to a rise in per capita income; greater invest-
ments in public sanitation, housing and healthcare; assured
availability of adequate nutrition; and technological advances
in medical care. Life expectancy rises as causes of childhood
and early adult mortality decline. This, in turn, leads to a
decline in fertility. The age profile of the population changes
from a pyramidal distribution dominated by the young to a
columnar structure where adults and the elderly progres-
sively expand their numbers. This has been described as the
demographic transition. Because the disease profile is also
linked to the age profile of the population, the health transi-
tion encompasses the effects of the epidemiologic and
demographic transitions.

CVD profile at different stages of
the epidemiologic transition

The model of epidemiologic transition originally described
by Omran,'® with three phases (the age of pestilence and
famine; the age of receding pandemics; the age of degenera-
tive and manmade diseases), was later modified to include a
fourth phase, the age of delayed degenerative diseases.!?
Life expectancy increases progressively from around
30 years in the first phase to over 70 years in the fourth
phase. The shift to a dominant chronic disease profile occurs
in the third phase. As the average life expectancy exceeds
50-55 years, the proportionate mortality due to CVD begins
to exceed that of infectious diseases.?’

The transition occurs not only between the broad disease
categories but also within them. The disease profile within
CVD alters at each phase of the epidemiologic transition. In
the first phase (the age of pestilence and famine), CVD
accounts for 5-10% of deaths.?? The major causes of CVD
are, however, related to infectious and nutritional deficien-
cies. Thus, RHD and cardiomyopathies (for example, Chagas’
disease) are the main CVD in this phase. Even as countries
emerge from this phase, the residual burden of chronic
valvular heart disease and congestive heart failure often
remains for some time. These effects are still evident in sub-
Saharan Africa and parts of South America and south Asia.2’
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In the second phase (the age of receding pandemics), the
decline in infectious disease that accompanies socioeco-
nomic development ushers in changes in diet. As the subsis-
tence nutrition changes to more complete diets, the salt
content of the food increases. Hypertension and its sequelae
(hypertensive heart disease and hemorrhagic stroke) now
affect the population, whose average age also has risen
with increased life expectancy.?’ Some residual burden of
RHD and cardiomyopathies is also evident. These non-
atherosclerotic diseases contribute to 10-35% of deaths.
This pattern currently prevails in parts of Africa, north Asia
and South America.?

In the third phase (the age of degenerative and manmade
disease), accelerated economic development and increased
per capita incomes promote lifestyle changes in diet, physi-
cal activity, stress and addictions. A diet rich in calories, sat-
urated fat and salt is accompanied by reduced physical
activity through the increased use of mechanized transport
and sedentary leisuretime pursuits. The metabolic mismatch
leads to obesity, increased blood lipids, diabetes and ele-
vated blood pressure. Tobacco consumption, especially ciga-
rette smoking, starts as a pleasurable pastime and turns into
a severe addiction. These factors result in the onset of clini-
cally manifest atherosclerotic vascular disease (CHD, ather-
osclerotic stroke and peripheral vascular disease) at around
55 years of age. Such patterns first occur in the upper
socioeconomic classes, who have disposable income to
expend on rich diets, tobacco and transport vehicles.
Several countries in South America and Asia currently man-
ifest this pattern. As the epidemic advances further and
involves all social strata, with homogenization of risk behav-
iors and risk factors across the population, the death toll of
CVD rises to range between 35% and 65% of all deaths. This
scenario is currently observed in eastern Europe.

In the fourth phase (the phase of delayed degenerative
disease) a number of changes occur in the society to modify
risk behaviors and reduce risk factor levels in the popula-
tion. Health research augments the knowledge of CVD risk
factors. The desire to reduce the adverse impact of CVD
on individuals, as well as on the society, steer the commu-
nity as well as the policymakers to apply this knowledge
to disease prevention and health promotion. Community
awareness through education, as well as its ability to exer-
cise healthy choices through supportive regulatory meas-
ures, empowers its members to adopt healthier lifestyles.
Saturated fat and salt consumption declines and leisuretime
physical activity and exercise programs are avidly pursued.
With concerns about the effects of active and passive smok-
ing, tobacco consumption falls. Simultaneously, medical
research makes available new technologies which are very
effective in saving lives, modifying the course of disease and
reducing the levels of risk factors. All of these changes, in uni-
son, delay the onset of disease, lower the age standardized
mortality rates and reduce the disability. The contribution of

CVD to total mortality falls to 50% or below. These patterns
are now established in most of North America, western
Europe and New Zealand.?°

Recent developments in some countries of eastern
Europe, with sharp declines in life expectancy and other
health indices, led to a fifth phase of health transition being
postulated.® In this stage of “social upheaval and health
regression” the CVD spectrum too may witness a reversal,
with CHD and stroke occurring at younger ages, resulting in
a fall in life expectancy as in Russia.

Variations in the transition

There are, however, variations on this theme. Even within
Europe, for example, northern Europe and the Mediterranean
countries have differences in CVD mortality rates which are
better explained by cultural differences in diet than by the
level of economic development.?! Japan has so far avoided
the CHD epidemic.® Whether recent changes in diet, with a
rise in mean plasma cholesterol levels in the population,
combined with high smoking rates, will lead to a major
CHD epidemic in the future remains to be seen.

The question of “arrested epidemiologic transition” is also
raised with respect to some of the developing countries. If
poverty continues to be a major problem for them, will they
experience the CVD epidemic in its full fury or will the pre-
transitional diseases of nutrition and infection continue to
occupy the center stage? Even now, there is evidence that
the social gradient has begun to reverse for risk factor levels
and even for morbidity measures in some populations in the
developing world.* Unless economic development is greatly
stunted in some countries, it is likely that the model of
epidemiologic transition will be applicable to most of the
developing countries.

The transition to the atherothrombotic phase of the epi-
demic may be preceded by a sharp fall in the burden of
hemorrhagic stroke. The recent decline in CVD mortality
reported from South Korea reflects such a fall in the contri-
bution from hemorrhagic stroke, whereas thrombotic stroke
and coronary heart disease have just begun to rise.??
Whether adherence to traditional diets will result in a con-
tinued decline of CVD in South Korea, or CHD rates will
rise further to push up the CVD mortality rates, remains to
be studied. Cuba and Chile have also been cited as exam-
ples of developing countries with declining CVD mortality
rates, despite high life expectancy. The model of “health
transition”, although very useful, is not immutable and is
likely to vary according to both level of development and
the nature of public health responses to social transition.

The model of health transition should also not lead to
complacency regarding the high absolute burdens and early
deaths in the developing countries. For example, even in
a country in “early transition”, such as Tanzania, the stroke
mortality rate in the age group 15-59 years in rural and
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urban areas is two to four times higher than that in the UK
in a similar age group.?

Early and late adopters

The pace of epidemiologic transition will vary both between
and within countries. Usually lifestyle changes towards risk-
prone behaviors occur first in the higher socioeconomic
groups and urban communities, for whom the innovations of
modernity are more easily accessible and affordable. As these
innovations diffuse and become routinely available at prices
amenable to mass consumption, the poorer sections and
rural communities also join the CVD bandwagon. Soon the
awareness of CVD risks, as well as the economic independ-
ence to make healthy lifestyle choices in relation to diet and
leisuretime exercise (along with the greater ability to access
healthcare), moves the “early adopters” in the affluent and
urban strata into a reduced risk zone. The burden of CVD is
then largely concentrated in the lower socioeconomic groups
and rural populations, who continue to practice high-risk
behaviors and display elevated risk factor levels.?? These
“late adopter” groups also will slowly alter their behaviors,
lower their levels of risk and reduce their burden of CVD as
healthcare responses to the CVD epidemic become univer-
sally effective.

This is the evolutionary profile of the CVD epidemic, as
evident from the analysis of mature epidemics in industrial
nations and the advancing epidemics in the developing coun-
tries. Differences within and between countries, suggested
by cross-sectional views at any point in this evolution, should
not obscure the longitudinal perspective of an evolving epi-
demic in which most countries will traverse similar paths,
albeit at different times determined by their pace of develop-
ment. Global shifts in CVD risk factors and their reflection in
global CVD trends indicate that all countries and communi-
ties have far more in common in terms of disease causation
than the differences that demarcate them. The challenge of
epidemiologic transition is not whether it will happen in the
developing countries, but whether we can apply the avail-
able knowledge to telescope the transition and abbreviate
phase three of the model in these countries.

Projections

The Global Burden of Diseases study'® estimates that annual
mortality from non-communicable diseases will rise from an
estimated 28-1 million deaths in 1990 to 49-7 million in
2020. CVD, which accounts for a large proportion of these,
will rise as a result of the accelerating epidemic in the devel-
oping countries. CHD will continue to be the leading cause
of death in the world and, in terms of disability adjusted life
years (DALY) lost, will rise from its fifth position in 1990 to
top the DALY table in 2020.!> Men as well as women in the

developing countries will experience the largest rise in CHD
and stroke mortality rates across the world (Table 9.1).

Table 9.1 Gilobal % change in CHD and stroke mortality
1990-2020 (adapted from Murray and Lopez®)

CHD Stroke

Men Women Men Women

Developed countries  +48  +29 +56  +28
Developing countries +137 +127 +124  +107
World +100 +80 +106 +78

The profile of DALY loss attributable to CVD in 1990 in
various regions of the world and the projected estimates for
2020 (Table 9.2) also indicate a large rise.> Among the
developed countries, the sharp decline in the industrial
nations is partly offset by the rise in the former socialist
countries.

Table 9.2 Contribution of cardiovascular disease to
DALY loss (percentage of total) (adapted from Murray
and Lopez®)

Region 1990 (%) 2020 (%)
World 10:85 147
Developed countries 257 22:0
Developing countries 89 13-8

Deaths attributable to tobacco, a risk factor for CVD and
other chronic diseases, are projected to rise from 3-0 million
in 1990 to 8-4 million in 2020. The largest increases will be
in India, China and other developing countries in Asia,
where tobacco-attributable deaths will rise from 1-1 million
to 4-2 million in 2020.%*

Mechanisms that propel a CVD epidemicin
developing countries

Demographic changes due to the
epidemiologic transition

A major public health challenge, identified by recent analy-
ses of global health trends, is the projected rise in both
proportional and absolute CVD mortality rates in the devel-
oping countries over the next quarter century. The reasons
for this are many.* In the second half of the 20th century,
most developing countries experienced a major surge in life
expectancy. This was principally as a result of a decline in
deaths occurring in infancy, childhood and adolescence, and
was related to more effective public health responses to peri-
natal, infectious and nutritional deficiency disorders and to
improved economic indicators, such as per capita income,
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and social indicators such as female literacy in some areas.
These demographic shifts have augmented the ranks of
middle-aged and older adults. The increasing longevity pro-
vides longer periods of exposure to the risk factors for CVD,
resulting in a greater probability of clinically manifest CVD
events. The concomitant decline in infectious and nutritional
disorders (competing causes of death) further enhances the
proportional burden due to CVD and other chronic lifestyle
related diseases.

The ratio between deaths due to pretransitional diseases
(related to infections and malnutrition) and those caused by
post-transitional diseases (such as CVD and cancer) varies
among regions and between countries, depending on factors
such as the level of economic development and literacy, as
well as availability of and access to healthcare. The direction
of change towards a rising relative contribution of post-
transitional diseases is, however, common to and consistent
among the developing countries.?> The experience of urban
China, where the proportion of CVD deaths rose from 12-1%
in 1957 to 35-8% in 1990, illustrates this phenomenon.?®

Population expansion and aging

Despite relative declines in fertility, the continuing growth
of populations in the developing countries will also increase
the absolute numbers at risk of CVD. The world population
is expected to rise from 5-71 billion in 1995 to 8:29 billion
in 2025. Combined with changes in the demographic pro-
file, this will result in a large number of adults who are
potentially vulnerable to CVD.

At present there are an estimated 380 million people
aged 65 or more, including around 220 million in the devel-
oping countries. By 2020, the figures are projected to reach
more than 690 million and 460 million, respectively.? In
India, for example, the population is expected to rise from
683-2 million in 1981 to somewhere between 1253-8 and
1480-5 million in 2021. Simultaneously, the proportion of
adults aged 35 years or above will rise from 28-4% of the
population to 42-4%.%

Increased standard of living leading to
deleterious health behaviors

A third reason to arouse concern is that, if population levels
of CVD risk factors rise as a consequence of adverse lifestyle
changes accompanying industrialization and urbanization,
the rates of CVD mortality and morbidity could rise even
higher than the rates predicted solely by demographic
changes. Both the degree and the duration of exposure to
CVD risk factors would increase as a result of higher risk
factor levels, coupled with a longer life expectancy. The
increase in body weight (adjusted for height), blood pressure
and cholesterol levels in Chinese population samples aged
35-64 years between the two phases of the Sino-MONICA

study (1984-86, 1988-89), and the substantially higher
levels of most CVD risk factors in urban population groups
compared to rural population groups in India, provide evi-
dence of such trends.?® The increasing use of tobacco in a
number of developing countries will also translate into
higher mortality rates from CVD, lung cancer and other
tobacco related diseases, and undesirable alterations in diet
and physical activity are also having adverse effects on
cardiovascular health.

The global availability of cheap vegetable oils and fats has
resulted in greatly increased fat consumption in low-income
countries in recent years.?® The transition now occurs at
lower levels of the gross national product than previously,
and is further accelerated by rapid urbanization. In China,
for example, the proportion of upper income persons who
were consuming a relatively high-fat diet (>30% of daily
energy intake) rose from 22-8% to 66-6% between 1989
and 1993. The lower and middle income groups too
showed a rise (from 19% to 36-4% in the former, and from
19-1% to 51-0% in the latter).?® The Asian countries, tradi-
tionally high in carbohydrates and low in fat, have shown an
overall decline in the proportion of energy from complex
carbohydrates along with an increase in the proportion of
fat.?® The globalization of food production and marketing is
also contributing to the increasing consumption of energy-
dense foods that are poor in dietary fiber and several
micronutrients.?’

The rising tobacco consumption patterns in most devel-
oping countries contrast sharply with the overall decline in
the industrial nations.3° Recent projections from the World
Health Organization suggest that by the year 2020 tobacco
will become the largest single cause of death, accounting for
12-3% of deaths worldwide.?* India, China and countries in
the Middle Eastern crescent will by then have tobacco con-
tributing to more than 12% of all deaths. In India alone, the
toll attributable to tobacco will rise from 1-4% in 1990 to
13-3% in 2020.%* A large component of this will be in the
form of cardiovascular deaths.

Thrifty gene

A “programming” effect of factors promoting selective sut-
vival may also determine individual responses to environ-
mental challenges and, thereby, the population differences
in CVD. The “thrifty gene” has been postulated to be a fac-
tor in promoting the selective survival, over generations, of
persons who encountered an adverse environment of lim-
ited nutritional resources.! Although this may have proved
advantageous in surviving the rigors of a spartan environ-
ment over thousands of years, the relatively recent and
rapid changes in environment may have resulted in a meta-
bolic mismatch. Thus a salt-sensitive person whose fore-
fathers thrived despite a limited supply of salt now reacts to
a salt-enriched diet with high blood pressure. It has also
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been hypothesized that populations subjected to food
scarcity have undergone selection of a gene which increases
the efficiency of fat storage through an oversecretion of
insulin in response to a meal. Although this favors survival
in a situation of low caloric availability, a current excess of
caloric intake may lead to obesity, hyperinsulinemia, dia-
betes and atherosclerosis. Similarly, an insulin-resistant indi-
vidual whose ancestors may have survived because a lack of
insulin sensitivity in the skeletal muscle ensured adequate
blood glucose levels for the brain in daunting conditions of
limited calorie intake and demanding physical challenges,
may now respond to a high-calorie diet and a sedentary
lifestyle with varying degrees of glucose intolerance and
hyperinsulinemia. Although such mechanisms seem plausi-
ble, their contribution to the acceleration of the CVD epi-
demic in the developing countries remains speculative.

Maternal-fetal exposures as a
cause of midlife CVD

A recently reported association which, if adequately vali-
dated by the tests of causation, may have special relevance
to the developing countries is the inverse relationship
between birth size and CVD in later life.3-3 The “fetal ori-
gins hypothesis” states that adverse intrauterine influences,
such as poor maternal nutrition, lead to impaired fetal
growth, resulting in low birthweight, short birth length and
a small head circumference. These adverse influences are
postulated to also “program” the fetus to develop adaptive
metabolic and physiologic responses which facilitate sur-
vival. These responses, however, may lead to disordered
responses to environmental challenges as the child grows,
with an increased risk of glucose intolerance, hypertension
and dyslipidemia in later life, with adult CVD as a conse-
quence. Although some supportive evidence for the hypoth-
esis has been provided by observational studies, it awaits
further evaluation for a causal role. If it does emerge as an
important risk factor for CVD, the populations of developing
countries will be at an especially enhanced risk because of
the vast numbers of poorly nourished infants born in the
past several decades. The steady improvement in child sur-
vival will lead to a higher proportion of such infants surviv-
ing to adult life, when their hypothesized susceptibility to
vascular disease may manifest itself.

Ethnic diversity

Although ethnic diversity in CVD rates, risk factor levels
and risk factor interactions are evident from population
studies, the extent to which genetic factors contribute is
unclear. It is only after demographic profiles, environmental
factors and possible programming factors are ascertained
and adjusted for that differences in gene frequency or
expression can be invoked as a probable explanation for

interpopulation differences in CVD.3% The extent to which
chronic diseases, including CVD, occur within and among
different populations is determined by genetic—environmen-
tal interaction, which occurs in a wide and variable array,
ranging from the essentially genetic to the predominantly
environmental. This is perhaps best illustrated by the knowl-
edge gained from studies in migrant groups, where environ-
mental changes due to altered lifestyles are superimposed
on genetic influences. These “natural experiments” have
been of great value in enhancing the understanding of why
CVD rates differ among ethnic groups. The classic Ni-Hon-
San study of Japanese migrants revealed how blood choles-
terol levels and CHD rates rose from Japan to Honolulu and
further still to San Francisco, as Japanese communities in
the three areas were compared.*’ The experience gleaned
from the study of south Asians, Chinese and Pima Indians
further elucidates the complexities of ethnic variations in
CHD.*"*3 The comparison of Afro-Caribbeans, south Asians
and Europeans in the UK brought out the sharp differences
in central obesity, glucose intolerance, hyperinsulinemia
and related dyslipidemia between the three groups, despite
similar profiles of blood pressure, body mass index and total
plasma cholesterol.** However, urban-rural comparisons
within India,?” as well as migrant Indian comparisons with
their non-migrant siblings,* reveal large differences in these
conventional risk factors. Thus, where the environment is
common but gene pools differ, the non-conventional risk
factors appear to be explanatory of risk variance, whereas
when the same gene pool is confronted with different envi-
ronments, the conventional risk factors stand out as being of
major importance.

To what extent ethnic diversity in response to CVD risk
factors influences the course of the CVD epidemic in differ-
ent developing countries remains to be studied. However,
the experience of some of the migrant groups (for example,
south Asians) portends severe epidemics in the home coun-
tries as they advance in their transition.

Strategies to deal with the coronary epidemic

CVD prevention

Evolving concepts of risk factors

Risk factor — Decades of research, embracing evidence from
observational epidemiology and clinical trials, have
demonstrated that CHD is multifactorial in causation. The
term “risk factor” was first used in the context of CHD.%
Several such risk factors have been identified, ranging from
the established “major” factors such as smoking, elevated
blood cholesterol and hypertension, to the recently
investigated factors such as homocysteine and lipoprotein a.
A risk factor must fulfill the criteria of causality: strength of
association (high relative risk or odds ratio), consistency of
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association (over many studies), temporal relationship
(cause preceding the effect), dose-response relationship
(greater the exposure, higher the risk), biologic plausibility,
experimental evidence and, very importantly, evidence from
human studies.

“Clinical” v “prevention” norms - The need to make
“clinical” decisions related to the management of these risk
factors led to a definition of threshold levels of risk and
practice guidelines. These “clinical norms” erroneously
came to be identified, by the health professionals as well as
the community, as also representing the prevention norms.
The former are defined by evidence of benefit exceeding risk
when an intervention reduces a risk factor below a particular
level (the net benefit being demonstrated in clinical trials
specifically designed for that purpose). The latter, however,
are usually identified from observational studies (long-term
longitudinal prospective studies of large cohorts) and denote
the optimal values of the risk factor at which the risk of
developing disease is minimal.

The targeting of individuals is promoted by the “clinical”
approach of healthcare providers, who seek to identify per-
sons at “high risk” of disease or its outcomes for intensive
investigation and intervention. Thus thresholds are defined
to categorize persons with “high cholesterol” or “high blood
pressure” and to implement individualized control strate-
gies. Attention and action above this threshold often con-
trast with indifference and inertia below it.

As trial evidence is gathered, the clinical norms may
progress towards the prevention norms, as in the case of
cholesterol or hypertension, where the thresholds for inter-
vention have been lowered dramatically in the last decade.
They may, however, remain higher than the prevention
norms, as clinical trials may be conducted at a stage in the
natural history where the risks of prior exposure may not be
completely reversible, and also because the intervention
may itself be associated with some adverse effects. Thus the
benefits of lowering a risk factor may appear less than those
that may occur by preventing its rise in the first place.

The continuum of risk — It is clear that even though
lifestyle disorders afflict some individuals, they arise from
causes that are widespread in the population as a whole.
Risk factors such as cholesterol and blood pressure operate
in a continuum of progressively increasing risk, rather than
through an all-ornone relationship suggested by cut-off
values. For example, a systolic blood pressure (SBP) in the
range 130-139 mmHg carries a higher risk for both heart
attacks and strokes than values in the range 120-129
mmHg. Whereas an SBP of 180 mmHg carries a much
higher risk for an individual than 140 mmHg, the number
of persons in any population who have SBP values in the
range 130-139 mmHg is higher than those with values of

180 mmHg or higher. The Multiple Risk Factor Intervention
Trial’s cohort study in the United States (MRFIT) revealed
that of all heart attacks which are attributable to SBP, 7-2%
arise from the 0-9% of the population that represents the
180+ mmHg range, whereas 20-7% of all such heart attacks
occur in the 22-8% which has pressures in the range
130-139 mmHg* (Figure 9.2). Similarly, 57% of all excess
deaths attributable to diastolic blood pressure occur in the
range 80-95 mmHg, compared to only 15% which occur in
the high range of 105-130 mmHg,.
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Figure 9.2 The risk pyramid for blood pressure and coronary
heart disease (CHD): baseline SBP and CHD death rates for
men screened in MRFITS” (adapted with permission from
Stamler et a/°6)

This dichotomy is also clearly seen in the Framingham
Study on coronary risk factors.*” People with a blood cho-
lesterol level of 300 mg/dl run three to five times the risk of
CHD as people at a cholesterol level of 200 mg/dl. At cho-
lesterol levels over 300 mg/dl, 90 out of 100 persons devel-
oped the disease in the next 16-30 years of follow up in
Framingham. At cholesterol levels under 200 mg/dl the rate
was 20 out of 100 during the same period. However, more
than twice as many people developed CHD with cholesterol
levels under 200 mg% all their lives as did those with cho-
lesterol levels over 300 mg%. This is because a 20% fraction
of a 45% segment of the population is a much larger number
than a 90% fraction of a 3-5% segment of the population.*’

Thus, for most causal factors there is a “risk pyramid”.
Those at the top of the pyramid are at the highest individual
risk of disease, but those at the lower levels account for
the largest number of cases in the community because they
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constitute the largest segment of the population. Any
approach that targets only those at the highest risk produces
limited gains for the community, despite conferring definite
benefits to the individuals in that category.

The concept that “sick individuals arise from sick popula-
tions” was propounded and proved by Geoffrey Rose.’*>! He
demonstrated that risk factor “distributions” throughout the
population are predictive of disease burden in that commu-
nity. The mean (average) levels of a risk factor across differ-
ent populations correlate with the proportions of high-risk
individuals in those populations, whatever the cut-off value.
Thus, as the average population blood pressure value among
populations rises, the proportion of hypertensive individuals
also rises. In each population there are groups who represent
the extremes of the risk profile (very low risk v very high
risk). However the proportion at “high risk” would be deter-
mined by the average value of that risk factor in the popula-
tion. This in turn is dependent on the dominant behaviors
that characterize the society at each stage of its development.

Multiplicative risk — The process of identifying and
estimating the independent risk associated with any single
risk factor led to clinical and preventive strategies to target it
in isolation. However, observational studies like Framingham
and MRFIT have clearly revealed that the coexistence of
multiple risk factors confers a magnified risk which is
multiplicative rather than merely additive. A smoker
with modest elevations of cholesterol and diastolic or
systolic blood pressure is at a greater risk of coronary death
than a non-smoker with severe hypertension or marked
hypercholesterolemia. In the MRFIT study, a non-smoker
with SBP less than 118 mmHg and a total serum cholesterol
level less than 182 mg% had a 20-fold lower risk of coronary
death than a smoker with a SBP exceeding 142 mmHg and a
serum cholesterol exceeding 245mg% (age adjusted CHD
mortality of 3-09 v 62-11, per 10000 person years). A
smoker who has a SBP of 132-141 mmHg and a serum
cholesterol of 203-220mg% has a CHD mortality risk of
28-87 per 10000 person years, compared to a risk of 12-36
in a non-smoker with an SBP below 118 mmHg but with a
serum cholesterol exceeding 245 mg%.>

The demonstration of such multiplicative risk has led to
the concept of “comprehensive cardiovascular risk” or “total
risk”, quantifying an individual’s overall risk of CVD result-
ing from the confluence of risk factors.*® Both clinical and
preventive strategies are veering away from unifactorial risk
reduction to multifactorial risk modification, to reduce this
overall risk in individuals as well as in populations.

High-risk approach for prevention

Having recognized that environmental risk factors do not
affect only a few individuals in isolation but are spread

across populations, with a continuous rather than a thresh-
old relationship to disease, how should that influence
disease control strategies? The health policy debate, until
recently, was on whether to focus the control strategies on
individuals at the highest risk of disease (in view of their
markedly elevated risk factor levels) or on the population as
a whole (aiming to achieve modest reductions in the risk of
most members of that community). The high-risk approach
aims to identify persons with markedly elevated risk factors
and therefore at the highest risk of disease.>® These individ-
uals are then targeted by interventions which aim to reduce
the risk factor levels. If successful, the benefits to individuals
are large, because the individuals risks are large. However,
as the number of persons in this high-risk category is pro-
portionately much smaller than that in the moderate-risk
group, the overall benefits to society are limited in terms of
deaths or disability avoided. The strategy also does not min-
imize the risk for the individuals concerned. Although a fall
of blood cholesterol from 300 mg% to 240 mg% does indeed
reduce the risk, even this attained value poses greater risk
than 200 mg%. Thus there is still a substantial residual risk,
despite the impressive risk reduction owing to the change
from the initial cholesterol levels. Further, this strategy is
behaviorally inappropriate.”® An individual with high blood
cholesterol levels may be advised to eat low-fat food, but
can he strictly adhere to it if his family and friends consume
a very different diet? The main advantage of the high-risk
approach, however, is that physicians as well as patients are
highly motivated to act, because the projected risks compel
attention and the benefits of reduction appear attractive.>®

Population approach for prevention

In contrast, the population approach aims at reducing the
risk factor levels in the population as a whole, through com-
munity action.>® Because there is a continuum of risk asso-
ciated with most risk factors, this mass change will result in
mass benefit across a wide range of risks. Although individ-
ual benefits are relatively small, the cumulative societal ben-
efits are large (“the prevention paradox”). The strategy is
also behaviorally more appropriate.”® If the eating habits in
the community alter towards preferred consumption of
foods with lower saturated fat and salt content and a greater
daily intake of fresh fruit and vegetables, even the high-risk
individual on a prescribed diet will find a supportive ambi-
ence which does not mark him out as a deviant from social
norms. If a new generation grows up in an environment
where healthy behavior is considered common practice, its
average blood cholesterol level may remain below 200 mg%
rather than around 240mg%, and thus be at a lower risk
than even the beneficiary of the high-risk strategy. However,
the risks and benefits of such a strategy are less obvious
to those in the moderate-risk range. The motivation for
change is therefore not as strong as for those in the high-risk
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group. The gratification of achieving readily identifiable suc-
cess in high-risk individuals, through drugs or other powerful
interventions, is also denied to the physicians in the popula-
tion strategy, where the potential beneficiaries, though many,
are faceless and nameless. Because such “anonymity of pre-
vention” denies the pleasure of individual rescue acts, physi-
cian motivation for community counseling is neither strong
nor sustained.”® Policymakers, however, can ill afford to
ignore the imperatives of investing in a population approach
which will pay large long-term dividends in the control of
lifestyle diseases. Health professionals too must recognize the
benefits of this strategy to play a strong advocacy role for
health-promoting behaviors in the community.

The success of the population strategy has been demon-
strated both in developed countries (for example, Finland)>3
and in some developing countries (for example, Mauritius).>*
The North Karelia Project demonstrated large reductions
in CVD mortality (50-1% in males and 63-5% in females),
CHD mortality (53-4% and 59-8%) and all-cause mortality
(39-5% and 40-4%) during the 20-year intervention period.
These accompanied changes in CVD risk factors follow-
ing community-based intervention programmes. Impressive
reductions in cigarette smoking, prevalence of hypertension
and mean population cholesterol levels, as well as increases
in leisuretime physical activity, were noted during the period
1987-92 consequent upon lifestyle intervention programs in
Mauritius.

The impact of the population strategy is likely to be large,
as suggested by an estimate that if every American had a
diastolic blood pressure value a mere 2 mmHg lower than
his or her current value, the number of heart attacks that
could be prevented would exceed those that could be
avoided by effectively treating every person with a diastolic
pressure of 95 mmHg or higher. The corresponding benefit
for preventing paralytic strokes would be 93% of those
avoided by drug therapy.>> Such blood pressure changes can
be effectively achieved and sustained through modest
reductions in weight and salt intake or through exercise.

Combining the strategies

These strategies are not mutually exclusive but are synergis-
tic, complementary and necessary. The risks and benefits
demonstrated in high-risk individuals serve to educate the
community about risk factors, whereas the population
approach makes it easier to achieve the desired level of
lifestyle change in high-risk individuals. The population-
based lifestyle-linked risk reduction approach is particularly
relevant in the context of the developing countries, where it
is necessary to ensure that communities currently at low
risk are protected from the acquisition or augmentation of
risk factors (“primordial prevention”). This is true for adults
in the rural regions of most developing countries, as well as
for children in all populations. It is also eminently applicable

to moderate-risk groups in urban areas, where lifestyle-
based risk modification will help avoid drug therapy, with its
attendant economic and biologic costs. There will still be
some who need such pharmacologic or technologic inter-
ventions because of their high-risk status. However, their
numbers too will decrease as the risk profile of the whole
community gradually shifts.

Case management

Despite these preventive strategies, several individuals will
manifest clinical disease because risks are not totally elimi-
nated in the community or because genetic susceptibility is
strongly expressed. The success of preventive efforts will
reduce their number as well as delay the age of onset of clin-
ical events. Those who develop disease will require optimal
clinical care, which can avert early death, reduce disability
and ensure an adequate quality of life. This mandates early
detection of disease.

The cost effectiveness and safety of these diagnostic and
therapeutic techniques would have to be established through
appropriately designed clinical research. This scientific evi-
dence has to be translated into practice guidelines, which
then need to be widely disseminated. The rapid diffusion of
these guidelines across various levels of healthcare and their
sustained impact on clinical practice will ensure that the bur-
den of cardiovascular disease in the community is mitigated
through appropriate application of available knowledge.
Postmyocardial infarction risk reduction through throm-
bolytic agents, aspirin, B blockers, ACE inhibitors and statins
is clearly illustrative of the benefits of such evidence-based
clinical care.”®!

The decline in CVD mortality rates in industrial countries
is the collective result of population-based prevention strate-
gies improving the risk factor profile of communities, a high-
risk approach of targeted interventions to protect individuals
with markedly elevated risk factor levels, and case manage-
ment strategies to salvage, support and sustain those pre-
senting with clinical problems. These strategies are not
diverse and divisive but are continuous and complementary
in the effort to control the incidence and impact of CVD.

The enormous need for evidence-based
medicine in developed and
developing countries

CVD related expenditure in
developed countries

The management of CVD is often technology intensive
and expensive. Procedures for diagnosis or therapy, drugs,
hospitalization and frequent consultations with healthcare
providers all contribute to high costs, both to those affected
and to society. In developed countries they already account for
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about 10% of direct healthcare costs, equal to between
0-5% and 1% of a country’s gross national product.? As life
expectancy increases and the duration of the therapy becomes
prolonged, the costs may further escalate until preventive
strategies succeed in greatly reducing the incidence of CVD.

CVD related expenditure in
developing countries

The costs of CVD related healthcare have not been clearly
estimated in the developing countries.®” However, high
expenditure on tertiary care in most of these countries prob-
ably has a large contribution from CVD. As the epidemic
advances many more will be affected, escalating the costs of
CVD related healthcare. This may divert scarce resources
intersectorally from developmental activities, and intras-
ectorally from the “unfinished agenda” of infectious and
nutritional disorders. As the epidemic matures, the social
gradient will reverse and many of the poor who are then
afflicted will be unable to afford or access the expensive
healthcare that CVD demands.

Need for evidence-based medicine

The need for cost effective prevention and case manage-
ment is, therefore, urgent. These practices need to be based
on the best available evidence which is generalized to the
context of each developing country. Where such evidence
is unavailable or insufficient to guide policy and practice,
health research must quickly address those information
needs. International cooperation can greatly further these
efforts to acquire, appraise, analyze and apply such knowl-
edge. Evidence from health research must do justice to the
needs of public health! Evidence-based cardiovascular medi-
cine must pursue this advocacy to secure acquittal from
CVD for countries under the trial of epidemiologic transi-
tion. However, the recommendations also need to be con-
text specific and resource sensitive, in accordance with the
specific needs of different regions. The challenge for cardio-
vascular research is to provide for such relevant knowledge
generation, and the challenge for public health and clinical
practice is to provide for effective knowledge translation.
The course and consequences of the global cardiovascular
epidemic should not merely be predicted, but ought to be
favorably altered by responding to these challenges.
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Tobacco: global burden and
community solutions

Terry F Pechacek, Samira Asma, Nicole Blair, Michael P Eriksen

Introduction

While smoking is universally known to be deadly, few are
aware of precisely how deadly. In the United States, smok-
ing is the leading preventable cause of death, killing over
440000 people each year, wasting 5 million years of poten-
tial life and costing over $75 billion in health expendi-
tures. Since the first Surgeon General’s Report on smoking
in 1964, over 10 million Americans have died from smok-
ing. If current trends continue, an additional 25 million
Americans alive today, including 6-4 million children, will
die a painful and premature death caused by smoking.
While the United States statistics are appalling, the global
projections are even more dire. Globally, if current trends
continue, the number of people killed by tobacco will more
than triple to 10 million a year by the year 2025. The only
ray of hope is that the precursors for the projected global
tobacco epidemic are not yet all in place. While high smok-
ing rates among men are nearly universal, the same cannot
be said for women and teens. Thus, despite the unprece-
dented toll of tobacco and the gloomy projections, there is
the potential for prevention.

This chapter will explore that potential, particularly for
coronary heart disease, by:

1. examining the current global burden of tobacco and
future projections

2. reviewing the mixed evidence for community-based
tobacco control interventions

3. proposing a new and dynamic model for community-
based tobacco control, based on state innovations,
proven to be effective in the United States, that may be
able to be applied throughout the world.

Current global burden of tobacco and
future projections

Worldwide, the only two major causes of death whose effects
are now increasing rapidly are HIV and tobacco. If current
smoking patterns persist, there will be about one billion
deaths from tobacco during the twenty-first century, com-
pared to “only” about 0-1 billion (100 million) during the

whole of the twentieth century. About half of these deaths
will be in middle age (35 to 69) rather than old age, and
those killed by tobacco in middle age lose, on average,
more than 20 years of non-smoker life expectancy.! Tobacco
use is estimated to have caused about 4 million deaths a year,
more or less evenly split between developed and developing
countries. These numbers reflect smoking patterns several
decades ago, and worldwide cigarette consumption has
increased substantially over the past half century.? Currently,
about 30% of young adults become persistent smokers, and
relatively few quit. The main diseases by which smoking kills
people are substantially different in America, where vascular
disease and lung cancer predominate;! in China, where
chronic obstructive pulmonary disease causes even more
tobacco deaths than lung cancer;>* and in India, where
almost half the world’s tuberculosis deaths take place and the
ability of smoking to increase the risk of death from TB may
well be of particular importance.>®

There are already a billion smokers, and by 2030 about
another billion young adults will have started to smoke. If
current smoking patterns persist, worldwide mortality from
tobacco is likely to rise from about four million deaths a year
currently to about 10 million a year around 2030 and will
rise somewhat further in later decades. This means that
tobacco use will cause about 150 million deaths in the first
quarter of the century and 300 million in the second quar-
ter. Predictions beyond that are inevitably speculative, but if
over the next few decades a quarter to a third of the young
adults become persistent smokers and about half are even-
tually killed by their habit, about 15% of adult mortality in
the second half of the century will be due to tobacco, imply-
ing some 600 million to 900 million tobacco deaths
between 2050-2099.7

First, globally in 1995, 29% of the world’s population aged
15 years and over smoked daily (Table 10.1). Low-income
and middle-income countries whose populations account for
four fifths of the global adult population, accounted for 82% of
the world’s smokers. East Asia and the Pacific, which includes
China, accounted for 36% (43 million) of all smokers, but
only 32% of the population aged 15 years and over. Overall,
smoking prevalence was highest in Europe and Central Asia
at 40% and lowest in Sub-Saharan Africa at 18%.
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For both males and females, there was wide variation in
smoking prevalence between regions. The prevalence of
smoking amongst males was highest in East Asia and the
Pacific, and in Europe and Central Asia, at about 60% in
each case, and lowest in Sub-Saharan Africa at 29%. Among
females, the prevalence of smoking was highest in Europe
and Central Asia at 26% and lowest in South Asia at 5% (for
cigarettes and bidis combined) and Middle East and North
Africa at 6%.

Second, the prevalence of smoking amongst males was
higher overall for men (47%) than for women (11%). WHO
data at country level suggest that the proportion of men
who smoke is well above 50% in many low-income and
middle-income countries:

82% in Indonesia,

78% in the Philippines,
75% in Cuba,

72% in China.?

Globally, males account for four in five of all smokers.

The majority of epidemiologic studies suggest that individ-
uals who avoid starting to smoke in adolescence or young
adulthood are unlikely ever to become smokers. Nowadays,
the overwhelming majority of smokers start before age 25,
often in childhood or adolescence (Figure 10.1); in high-
income countries, eight out of 10 begin in their teens.
In middle- and low-income countries for which data are
available, it appears that most smokers start in their early
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Figure 10.1 Smoking initiation age in China, India and the

United States. Source: Gupta 1996; USDHHS 1989 and
1994, Chinese Academy of Preventive Medicine 1997

twenties, but the trend is towards younger ages. For exam-
ple, in China between 1984 and 1996, there was a signifi-
cant increase in the number of young men aged between 15
and 19 years who took up smoking. A similar decline in the
age of starting has been observed in high-income countries.

Tobacco: a risk factor for coronary
heart disease

[t is well established that prolonged smoking is an important
cause of chronic disease. Prolonged smoking causes many
diseases in addition to lung cancer, notably other cancers
and chronic respiratory and cardiovascular diseases. How-
evet, the toll of death and disability from smoking outside
the high income countries has yet to be felt. This is because
the diseases caused by smoking can take several decades
to develop. Even when smoking is common in a population,
the damage to health may not yet be visible. The alarm-
ing size of the hazards now observable in populations that
have been smoking for many decades.

Thus in the first 20 years of follow up of the British doc-
tors, cohort (1951-71), smokers had, on average, about
a 1-5 to twofold higher death rate at each age, similar to
the excess reported in other studies around that time (see
Table 10.1). With longer duration of smoking, death rates of
smokers have increased substantially so that during the sec-
ond period of follow up (1971-91), smokers in middle age
had a threefold higher death rate than non-smokers. A simi-
lar excess mortality ratio was found in the CPS-II cohort
based on follow up in the latter half of the 1980s. These rel-
ative risks suggest that, on average, a smoker who begins
smoking in young adult life and continues to do so has at
least a 50% chance of eventually being killed by tobacco,
either in middle age or in old age.

The evidence from these two studies on the disease-
specific risks associated with smoking are similar.® Current
smokers have about a 20-fold higher death rate from lung
cancer than never smokers, among whom lung cancer death
rates have remained low and constant. There is epidemio-
logic evidence to suggest that this is also the case in other
populations. For example, based on the two American
Cancer Society studies with follow up to 1959-65 and
1982-86 respectively, lung cancer death rates among life-
long non-smokers were remarkably constant at 15-4 and
14-7 per 100000 (age-standardized) for men, and 9-6 and
12-0 for women,; the rates for current smokers were 187-1
and 341-3 for men, and 26-1 and 154-6 for women.’
Smokers also incur a 10-20-fold excess mortality from
chronic obstructive lung disease (primarily chronic bronchi-
tis and emphysema), and a risk of death from major vascular
diseases that is about twice that of non-smokers.

The excess mortality of smokers from vascular disease is
particularly noteworthy. Vascular disease death rates are
typically much higher than those for cancer or other causes
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Table 10.1 Prevalence of smoking among adults aged 15 and over, by World Bank region, 1995

World Bank Region

Smoking prevalence (%)

Total smokers

Males Females Overall (millions) (% of all smokers)
East Asia and Pacific 61 4 8e; 413 36
Europe and Central Asia 57 26 40 145 13
Latin America and Caribbean 40 21 30 95 8
Middle East and North Africa 44 5 25 40 3
South Asia (cigarettes) 21 1 11 88 8
South Asia (bidis) 21 4 13 99 9
Sub-Saharan Africa 29 9 18 59 5
Low-income & Middle-income 49 9 29 939 82
High-income 38 21 29 205 18
World 47 11 29 1143 100
. . !
30-39 6.3 times as common in smokers 63

as in non-smokers aged 30-39

40-49 47 |
I I
|
)
< 50-59 31 : X | .
I
I I I I
1 1 1 1 |
60-69 2.5 X
I | | Il Not caused by smoking
70-79 1.9 [ Excess with cigarette use
I I I I I
| | | | | |
0 1 2 3 4 5 6 7 8
Ratio

Figure 10.2 Source: Based on the ISIS study of over 10000 UK heart attacks, Parish et al. Cigarettes smoking, Lar yields, and
non-fatal myocardial infarction: 14,000 cases and 32,000 controls in the United Kingdom. BMJ 1994;311:471 -710

associated with smoking. Cardiovascular diseases (especially
ischemic heart disease and stroke), therefore, contribute
more to smoking-attributable deaths at a population level
than do other causes, including lung cancer for which the
relative risk is much higher, although this pattern will
change as cardiovascular disease mortality declines. Finally,
it is worth noting that the all-age excess mortality ratio of
about 2 from cardiovascular diseases masks a very signifi-
cant age gradient in relative risks. This is clearly shown in
Figure 10.2 based on a large (46 000 persons) case—control
study carried out in the United Kingdom.

At younger ages (<50 years), smokers have a five to six
times higher death rate than non-smokers, with the relative
excess declining with age. What these data suggest is that if a
smoker dies from vascular disease before about the age of 50
years, there is a 70-80% chance that smoking caused it, and
that this is the prinicipal mechanism through which smoking
causes a threefold excess mortality rate in middle age.

Cigarette smoking is only one of several causative factors
that produce disease. This is especially true for ischemic
heart disease where smoking interacts synergistically with
other factors such as hypercholesterolemia and hyperten-
sion to greatly increase risk of heart disease. Evidence sug-
gests that the independent risk attributable to smoking is
comparable to that of other major risk factors.!® This
interaction with dietary parameters probably explains the
currently lower proportions of ischemic heart disease attrib-
utable to smoking in populations such as China where low-
fat diets have predominated.’

The extent to which smoking is responsible for deaths
from diseases other than lung cancer varies substantially
from one population to another. For example, smoking is
particularly cardiotoxic for people who already have other
risk factors such as high blood cholesterol. The range of other
diseases that are caused by smoking is so extensive that the
influence of other specific risk factors may effectively average
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out even in different populations. For example, although in
many developing countries, cholesterol levels are low (limit-
ing the cardiotoxic effects of tobacco), a high prevalence of
respiratory diseases may greatly increase the pulmonary vul-
nerability to tobacco.!!

Smokers have twice the risk of heart attack compared
with non-smokers. Smoking is also a major risk factor for
sudden death from heart attack, with smokers having two to
four times the risk of non-smokers. The risk increases with
the number of cigarettes smoked. Overall, cigarette smokers
have coronary heart disease (CHD) rates 70% higher than
those of non-smokers, with heavy smokers dying from CHD
at a rate two to three times that of non-smokers.! In addi-
tion, recent epidemiologic evidence shows that never-smok-
ers exposed to environmental tobacco smoke (ETS) have an
increased risk not only for lung cancer but also for cardio-
vascular disease. Two recent prospective trials''4 and
meta-analyses' estimate the relative risk for cardiovascular
diseases at 1-2 to 1-3 individuals exposed to ETS.!2"1> Of the
deaths caused by ETS, the number of deaths from heart dis-
ease is about three times the number of non-cardiac deaths!®.

Cardiovascular deaths account for a significant portion of
adult deaths in all countries. Worldwide, slightly more than
50 million people are estimated to have died in 1990, 53%
of whom were males. Ischemic heart disease (IHD) was the
leading cause of death worldwide, accounting for just under
6-3 million deaths — 2-7 million in established market
economies (EME) and formerly socialist economies of
Europe (FSE); 3-6 million in the developing regions. Stroke
was the next most common cause of death (4-38 million
deaths — almost 3 million in developing countries), closely
followed by acute respiratory infections.!” Of the various
coronary heart disease pathologies, IHD and stroke predom-
inate in the developed regions, accounting for 75-80% of all
cardiovascular deaths. Stroke is proportionately more impor-
tant as a cause of cardiovascular disease death in FSE (31%)
than in EME (25%). Rheumatic heart disease is estimated to
cause between 1% and 6% of all CHD deaths in the devel-
oping regions (and about 2-4% globally). The category
labeled as inflammatory heart disease (pericarditis, endo-
carditis, myocarditis, and cardiomyopathies) accounts for
similar proportions of CHD deaths, being highest in Sub-
Saharan Africa (SSA) (7-8%). It is also worth noting the sub-
stantial contribution of IHD in all developing regions,
ranging from 52% of cardiovascular deaths in India to 26%
in SSA. Stroke, on the other hand, is by far the leading cause
of cardiovascular deaths in China and SSA, causing roughly
half of all coronary heart disease deaths in 1990.8

Future projections

Policy makers must be concerned not so much by the current
mortality from past smoking patterns, but by the much

larger death rates that are projected in coming decades as a
result of current smoking, especially for low- and middle-
income countries.

Smoking-attributable deaths are projected to increase for
two reasons: first, increases in the susceptible population
size; and second, increase in age-specific disease rates. For
example in China, male per capita consumption of ciga-
rettes rose 10-fold between 1952 and 1992. The incidence
of lung cancer in China has increased more than sixfold
during the period 1970 to 1980,'° and is likely to increase
7-5-fold in the near future. During the same period, the pop-
ulation that will contract lung cancer will increase fourfold.
The net result is that 30 000 lung cancer deaths per year in
1975 will increase to 90 000 per year by 2025.

Tobacco will cause 0-5 billion deaths among smokers alive
today. At some point in the second decade of the twenty-first
century, annual deaths from tobacco will average 10 million
a year. This total may appear earlier or later. Depending on
smoking patterns, there will be about 450 million tobacco
deaths between 2000 and 2050.8 Projections beyond 2050
are more uncertain. If the proportion of people taking up
smoking continues, as at present, to be between one
quarter and one third of young adults then, given population
growth, an additional 500 billion tobacco deaths are
expected in the second half of the twenty-first century. Thus,
in the twenty-first century overall, tobacco would be
expected, on current patterns, to kill about one billion people,
or ten times as many people in the twentieth century.”

Direct estimates for China based on retrospective and
prospective studies>* suggest that, on current patterns, smok-
ing may account for one in three of all adult male deaths in
China, or about 100 million of the 300 million Chinese males
now aged 0-29. Annual tobacco deaths will rise to 1 million
before 2010 and 2 million before 2025, when young adults of
today reach old age. Similar preliminary estimates for India
based on large retrospective and prospective studies suggest
that about 30% of all male deaths in middle age are attributa-
ble to smoking and about 80 million Indian males currently
aged 0-34 will eventually be killed by tobacco.

Projections of tobacco mortality based on econometric
models by Murray and Lopez suggest that there will be
8-3 million tobacco-attributable deaths per year in 2020.
These researchers have predicted elsewhere that global
deaths attributed to tobacco would rise from 6% of all
deaths in 1990 to about 12% in 2020.18

Worldwide, a very large increase in deaths from non-
communicable diseases (group 2) is expected, with a rise in
annual mortality from an estimated 28-1 million deaths in
1990 to 49-7 million in 2020. Conversely, annual mortality
from communicable maternal, perinatal, and nutritional dis-
orders (group 1) is predicted to decline from 17-2 million in
1990 to 10-3 million in 2020 (Figure 10.3).

It is of interest to examine how DALYs (disability adjusted
life years is a measure of life lost due to disability or premature
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death) from various leading causes are expected to change
over the next three decades (Figure 10.4). Figure 10.5 shows
the change in cause of mortality. IHD is projected to be the
leading cause of disability and death by 2020. It has been
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Figure 10.3 Baseline projections of deaths from group 2
causes, world, 1990-2020 (from Murray and Lopez, 1996,
with permission)
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plausibly predicted that the current global total of about
3 million deaths per year from tobacco (2 million developed,
1 million developing) would reach approximately 10 million
deaths per year (3 million developed, 7 million developing)
during the second quarter of next century (Figure 10.6).
This would mean that over 200 million of today’s children
and teenagers will be killed by tobacco, as well as a compa-
rable number of today’s adults, predicting that a total of
about half a billion of the world’s population today will be
killed by tobacco. About 250 million will die in middle age
(35-69), with each person losing about 20 years of life.?°
In terms of DALYs, the contribution of tobacco is pro-
jected to increase to account for nearly 9% of worldwide
burden (18-2% of burden in developed countries and 7-7%
in developing countries) in 2020 (Figure 10.7). Tobacco is
also projected to cause about 12% of deaths worldwide
(17-7% of deaths) in developed countries and 10-9% in
developing countries) by 2020 (Figure 10.8). DALYs from
cancers are expected to rise from 5-1% to 9-9% of the world-
wide total in 2020. The proportionate share of the global
burden of disease due to cardiovascular diseases is projected
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to rise from 11-1% to 14-75%.!7 In conclusion, tobacco is
projected to be the leading cause of death and disability
globally.

Community solutions

The relationship between smoking and cardiovascular
morbidity and mortality was extensively documented
throughout the last half of the twentieth century. Therefore,
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Figure 10.7 Tobacco as a cause of DALYs, 1990 and 2020
(WHO Program on Substance Abuse)

the reduction of tobacco use within populations has been a
recommended strategy in the primary and secondary preven-
tion of cardiovascular diseases for many years.?! However, the
development and testing of specific strategies to implement
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Figure 10.8 Tobacco as a cause of death, 1990 and 2020
(WHO Program on Substance Abuse)

this recommendation has proceeded more slowly. During
this interval, there has been a paradigm shift from an indi-
vidual or clinical approach to smoking prevention and
cessation to a more public health or population-based
approach.?22* Community-based cardiovascular prevention
trials started in the early 1980s were conducted during this
shift in paradigm.?® Results from all of these trials showed
significant declines in the prevalence of smoking overall;
however, the declines in the intervention communities did
not exceed the declines in the comparison communities by
a statistically significant amount in several of the trials?®28
nor in a joint analysis of the three US community trials.’

The community-based cardiovascular prevention trials ini-
tiated in the 1980s recognized that the critical behaviors
related to cardiovascular risk (for example, diet, exercise,
smoking) all involved individual choices but also involved
societal or cultural barriers and enticements, monetary and
opportunity costs, local and regional policies, and other com-
munitywide factors.?> The intervention methods which were
developed in these trials shared many common elements, but
largely were restricted from applying an ecological and policy
oriented health promotion approach that combines educa-
tional, political, regulatory, and organizational supports for
changes in the target health behaviors.*® Green and Richard
posit that the early community-based cardiovascular preven-
tion trials could rely on an expansion of the traditional
health education models which would initiate change in
early adopters in societies.3® However, as the rate of diffu-
sion of the adoption of heart-healthy lifestyle changes
(including smoking cessation) accelerated, these more tradi-
tional approaches lost efficacy.

The smoking cessation results from the community-based
cardiovascular prevention trials initiated in the 1980s must
be viewed as modest at best. While the Stanford Five-City
Project observed a significantly greater decline (+13%) in
smoking rates in the intervention communities among

the cohort samples,?®3! no effect on smoking rates was
observed in the cross-sectional surveys by end of treat-
ment?®3! or at the follow up during which the comparison
communities were declining somewhat, but not signifi-
cantly, more rapidly than the intervention communities.3?
In the Minnesota Heart Health Project, the long-term
smoking cessation results were mixed, with evidence of
an intervention effect only for women in cross-sectional
survey data.?®33 Unexpectedly strong secular declines in
smoking prevalence, especially among men, were observed
in comparison communities. In the Pawtucket Heart Health
Program, the prevalence of cigarette smoking declined
slightly, but not significantly, more in the comparison
community.%’

More recently, the German Cardiovascular Prevention
Study has reported more encouraging treatment effects for
smoking, observing a 6-7% decline in smoking, with the
strongest effect in men.3* Among men, the prevalence of
smoking among 25-69 year olds declined from 41-8% in
1985 to 39-2% in 1991 in the national reference sample, in
comparison with the significantly greater decline from
44-5% to 37-4% in the intervention regions. This result is
consistent with the diffusion model posited by Green3° that
the largely individually oriented health educational
approaches applied in the community-based cardiovascular
prevention trials initiated in the 1980s have their largest
impact among populations who are at the earlier stages of
adoption of the recommended preventive lifestyle.

In addition to the community-based cardiovascular
prevention ftrials initiated in the 1980s, the Community
Intervention Trial for Smoking Cessation (COMMIT)
was started in the late 1980s. COMMIT focused solely on
smoking cessation and built upon the initial experience in
the ongoing cardiovascular prevention trials. Additionally,
COMMIT was planned as a randomized community trial
with 11 pairs of communities and had adequate power to
detect relatively small intervention effects.>® The modest
effects observed in this trial were very sobering for the
public health community. No cessation effect was observed
for the “heavy” smokers (defined as smoking 25 or more
cigarettes per day at baseline) for whom the trial was specif-
ically designed. Among the evaluation cohorts of light-to-
moderate smokers, a significantly greater quit rate (30-6% v
27-5%) was observed over the 4 year intervention period,
with the effect strongest among the less educated residents
of the communities.3®3” Overall, the prevalence of smoking
declined slightly, but non-significantly, more in the interven-
tion communities (3-5 percentage points) than in the com-
parison communities (3-2 percentage points). While the
COMMIT intervention protocol sought to apply the best
smoking cessation strategies available, investigators were
limited in their ability to be involved in many of the ecolog-
ical and policy oriented health promotion strategies which
Green and others?>% recommend due to the federal sources
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of funds for the study. While an intervention “receipt index”
of the strategies applied significantly correlated with quit
rate differences across the 11 community pairs among the
light-to-moderate smokers, process data showed that imple-
mented protocol did not change many important intermedi-
ate variables (for example, MD/DDS counseling rates,
worksite smoking bans, public attitudes toward smoking).

Several reviewers have provided some perspectives on
the modest smoking cessation effects which have been
observed in these community trials.>®*° Common themes
are: (1) the difficulty in observing intervention effects relative
to the large secular declines in cardiovascular risk factors,
including smoking, occurring during the period when the
trials were implemented, and (2) the need for a more com-
prehensive health promotion approach to be applied.
Concurrent with the implementation of these intervention
trials, a broader national movement to reduce tobacco use
emerged with a focus on the principles of health promotion.
This concept, which included an organized approach to
changing social, economic, and regulatory environments,
emerged as a more effective mechanism for population
behavior change than traditional health education, and
included mobilization at the national, state, and local
level.*!

In 1991, the National Cancer Institute launched the
American Stop Smoking Intervention Study for Cancer
Prevention (ASSIST) program as a 7 year demonstration
project. ASSIST included 17 states, and was the largest
tobacco control project in the United States ASSIST was
predicated on a coalition model, and was designed to
demonstrate that a comprehensive, coordinated interven-
tion effort could significantly reduce smoking and tobacco
use. [n 1993, CDC began the Initiatives to Mobilize for the
Prevention and Control of Tobacco Use (IMPACT) program,
which provided funding for 32 states to build capacity in
state health departments to conduct effective tobacco con-
trol. Based on the lessons learned from ASSIST, IMPACT,
and large state programs such as those of California and
Massachusetts, the National Tobacco Control Program
(NTCP) was developed to support all 50 states, seven terri-
tories, and the District of Columbia plan, establish, and
evaluate comprehensive tobacco prevention and control
programs.*!

Through evidence-based analyses of California and
Massachusetts, in-depth involvement with settlement
States, and published evidence of effective tobacco control
strategies, the federal government has set forth “best prac-
tices” recommendations for state-based programs which
contain the following elements*:

e community programs to reduce tobacco use

e chronic disease programs to reduce the burden of
tobacco-related diseases

e school programs

enforcement

statewide programs
counter-marketing

cessation programs

surveillance and evaluation
administration and management.

Because tobacco use is ultimately an individual behavior,
educational and clinical public health approaches have his-
torically been individually focused. In the area of tobacco use
prevention among youth, this has been particularly true. In
the past two decades, however, excellent social-psychological
approaches have been applied to school-based prevention
programs.*! Evidence shows that school-based smoking pre-
vention programs that identify social influences to smoke
and teach sKkills to resist those influences have demonstrated
consistent and significant reductions in adolescent smoking
prevalence, and that larger-scale implementation of intensive
interventions can achieve long-term reductions in cigarette
smoking among young people.*! The durability of this effect
is enhanced by community wide programs that involve
parents, mass media, community organizations, and other
elements of an adolescent’s social environment.*?
Educational strategies, conducted in conjunction with com-
munity and media-based activities, can postpone or prevent
smoking onset in 20-40% of adolescents.*! Unfortunately,
the full range of recommended community wide efforts to
modify the social environments of adolescents,*? including
removal of pervasive imagery-based pro-tobacco advertising,
significant tobacco tax increases, enhanced enforcement of
minors’ access laws, and well financed and sustained youth
oriented counter-advertising campaigns, need to be applied
in conjunction with experimentally tested school-based
tobacco use prevention curricula and tobacco-free school
policies.

The efficacy of a comprehensive approach to youth
tobacco use prevention was originally demonstrated in
Massachusetts and California, who funded their programs
with dedicated excise tax dollars. During the period of the
1990s when smoking rates among the youth in the United
States were consistently increasing, rates in Massachusetts
and California appear to have risen more slowly*® and even
declined among 7-8 graders in Massachusetts.** With the
influx of revenues resulting from state settlements with the
tobacco industry and increases to state tobacco excise taxes,
additional states, such as Minnesota, Florida, Arizona, and
Oregon have also been able to implement comprehensive
tobacco control programs.*!

In many ways, efforts to assist adult smokers to quit smok-
ing have made the slowest progress in the paradigm shift from
the clinical to the public health model. However, advance-
ments in treating tobacco use and nicotine addiction were
summarized in a recent guideline: 7reating tobacco use and
dependence: a clinical practice guideline, published by the
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US Public Health Service. The guideline provides a blueprint
to healthcare professionals and health insurance providers
for implementing appropriate medical services that will help
treat nicotine addiction. Less intensive interventions, as sim-
ple as physicians advising their patients to quit smoking, can
produce cessation rates of 5-10% per year. More intensive
interventions, combining behavioral counseling and pharma-
cologic treatment, can produce 20% to 25% quit rates in one
year.** The most significant and sustained declines in popula-
tion levels of cigarette consumption have been observed in
states where changes in the social environments rather than
enhanced clinical services have been the focus of the pro-
grams.*® For example, studies have found that moderate or
extensive laws for clean indoor air are associated with a
lower smoking prevalence and higher quit rates.*! There is
clear and compelling scientific evidence which demonstrates
that increasing the price of cigarettes is an effective way to
prevent smoking initiation among youth, promote smoking
cessation among adults, and reduce cigarette consumption
among continuing smokers.*! Therefore, because increased
excise taxes increase the price of cigarettes, they provide a
cost effective short-term strategy to reduce tobacco use.
Research indicates that for every 10% increase in price, over-
all smoking rates would decrease by 3-5%, and as high as 7%
among youth.*! Studies of smokeless tobacco products sug-
gest that increasing their prices would reduce the prevalence
of smokeless tobacco use as well.*! Even greater decreases
can be achieved when an adequately funded comprehensive
tobacco prevention and control programs are combined with
a price increase.

This has been demonstrated in California, where a tobacco
control program has been funded by excise tax revenues
since 1989, and tobacco rates have declined at rates two or
three times faster than the rest of the country. California also
has the distinction of being the first state to demonstrate a
reduction in tobacco-related deaths. The incidence of lung
cancer in California has declined significantly faster than in
other parts of the United States and this state has also seen
dramatic declines in cardiovascular disease death rates.*”

Tobacco products have been largely unregulated in com-
parison to other consumer products. While the importance
of nicotine addiction is now well recognized as a factor
maintaining tobacco use behaviors,*® regulatory efforts to
decrease the addictiveness of the product are only now
emerging.*’ Smokers receive very little information regard-
ing chemical constituents when they purchase a tobacco
product. Without information about toxic constituents in
tobacco smoke, the use of terms such as “light” and “ultra
light” on packaging and in advertising may be misleading to
smokers. Also, because cigarettes with low tar and nicotine
contents are not substantially less hazardous than higher-
yield brands, consumers may be misled by the implied
promise of reduced toxicity underlying the marketing of
such brands.*!

Currently all 50 states and the District of Columbia have
tobacco control programs in place that have the potential to
achieve positive results in reducing tobacco use. CDC has
synthesized an evidence-based comprehensive framework
for statewide programs to reduce tobacco use. The frame-
work integrates four program goals with four program
components; optimally, each of the goals would be fully
addressed in the implementation of each of the compo-
nents, within each of the Best practices guidelines. The
program goals for reducing tobacco use statewide include:

Prevent initiation among young people.

Promote quitting among adults and youth people.
Eliminate exposure to environmental tobacco smoke.
Identify and eliminate disparities among population

groups.

The program components for reducing tobacco use
statewide include:

e community interventions

e counter-marketing

e program policy and regulation
e surveillance and evaluation.

Aggressive and comprehensive tobacco control programs
in a number of states have produced substantial declines
in cigarette use. The findings from multiple states were
reviewed by the US Surgeon General in the report,
Reducing tobacco use.*! For example:

e In California, home to one of the longest-running tobacco
control programs, the overall prevalence of tobacco use
has declined at nearly twice the rate of that in the United
States. The declines in the rates of lung cancer and heart
disease have also been significantly faster than in other
parts of the country. California is also the first state to
experience a decrease in tobacco-related deaths.

e In 1992, Massachusetts initiated a comprehensive
statewide tobacco control program. From 1992-2000,
per capita consumption declined by 36%, when the rate
of decline in the remaining 48 states was only 16%.
A decline in smoking prevalence among adults was also
greater than in the rest of the country (excluding
California). From 1995-1999  smoking declined by
70% among 6th graders, and by 38% among 7th and
8th grade students.

e Florida’s tobacco control program, which combined a
counter-marketing media campaign, community-based
activities, education and training, and an enforcement
program, in concert with a state excise tax increase, has
effectively reduced teen tobacco use. Among middle
school students, tobacco use declined by 47%, from
18:5% in 1998 to 9-8% in 2001. Among high school
students, current cigarette use declined by 30%, from
27-4% in 1998 to 9-0% in 2001.
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e  With the support of a dedicated excise tax, Arizona was
able to begin funding a comprehensive tobacco control
program in 1996 that includes all nine Best practices
components. From 1996 to 1999, the proportion of
healthcare providers encouraging patients to quit smok-
ing increased significantly. Also during this time, smok-
ing prevalence has declined significantly in women and
men, whites and Hispanics, and people with low
income and low education.

e With the support of a dedicated excise tax, Oregon
launched a comprehensive statewide tobacco control
program in 1997. From 1997-1999, Oregon experi-
enced a 2-3% decline in consumption from 1996 to
2001, and in prevalence of smoking among adults,
pregnant women, and youth. By following the lessons
learned by more experienced states, Oregon was able to
operate more efficiently, and has seen reductions in
prevalence in spite of spending less than the Best
practices minimum guidelines. This “Oregon Model” is
now being quickly diffused out to other states to guide
the development of newly funded programs.

The Oregon program included an implementation
of CDC’s Guidelines for school health programs to
prevent tobacco use and addiction in 30% of their
schools. This demonstration found that a comprehensive
school-based tobacco prevention program that includes
tobacco-free school policies and community involve-
ment as one component of a statewide tobacco program
may contribute to reductions in current smoking among
8th graders. Also, the significantly greater declines in
smoking prevalence in the schools that rated high and
medium on implementation criteria emphasize the
importance of monitoring activity in funded programs
and the need for on-going assistance to facilitate imple-
mentation of evidence-based recommendations.

As results are obtained from these most recent states as
well as continuing data from California and Massachusetts,
our understanding of the potential effectiveness of the full
multicomponent population-based approach to tobacco pre-
vention and control will be expanded. However, the data
already sufficient for the US Surgeon General to conclude
that if the recommended intervention strategies were fully
implemented, rates of tobacco use in the US could be cut in
half by the year 2010.%!
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1 Tobacco and cardiovascular disease:
achieving smoking cessation

Godfrey H Fowler

Worldwide, there are about one billion current smokers and
about three million die annually from their smoking, half
before the age of 70; this includes about 150000 annually
in the UK and half a million in the USA.! Even in countries
where the health hazards of smoking are widely acknowl-
edged, it remains a common behavior: in the USA and
Canada, for example, about a quarter of all adults smoke,
and, in the UK, the situation is worse with about one third
of adults smoking.

Cardiovascular disease, in particular ischemic heart dis-
ease, is the commonest smoking-related cause of death in
developed countries.? This is because, although the relative
risk of death from cardiovascular disease in smokers, com-
pared with non-smokers, is much lower than the relative
risk from cancer (in particular lung cancer) and chronic
obstructive lung disease, ischemic heart disease is much the
commonest cause of death in these countries. Overall, the
relative risk of death from cardiovascular disease in smokers
compared with non-smokers is roughly doubled, though
this varies with the different cardiovascular diseases and is
greater at a younger age. Passive smoking also increases the
risk of cardiovascular disease but the extent of this increase
remains uncertain.>*

Strategies for tobacco control

Strategies for reducing the health consequences of smoking
should aim to:

reduce the uptake of smoking by young people;
increase the numbers of smokers stopping smoking;
encourage a shift to less harmful tobacco use;
decrease exposure to environmental tobacco smoke.

Reducing the uptake of smoking by young people is a pri-
ority in many countries. Laws to ban tobacco sales to those
below a certain age and to prohibit tobacco advertising and
promotion are common in developed countries but are fre-
quently contravened. Other measures include restrictions
on smoking in public places, fiscal policies to increase the
cost of smoking, and a variety of educational programs. In
spite of these, smoking prevalence in teenagers has remained
remarkably resistant to change over the last decade, and in

the UK about a quarter of young people are regular smokers
by the age of 16 years.

Modification of cigarettes, particularly with regard to tar
yield, over the last two or three decades has undoubtedly
contributed to less harmful tobacco use, but it should be
emphasized that this is no substitute for tobacco avoidance.
However, although such changes have certainly contributed
to a decline in lung cancer, possible benefits from these
changes relating to cardiovascular disease have not yet been
established with certainty.”

Decreased exposure to environmental tobacco smoke is
a desirable objective in itself but, again, the contribution this
might make to reducing cardiovascular disease risk is very
difficult to estimate.

For established smokers, smoking cessation is the most
important step for safeguarding future health, and this chap-
ter will consider evidence-based methods of achieving this
objective.

Evidence of benefits from smoking cessation

Many observational epidemiologic studies have investigated
the effect of stopping smoking on smoking-related diseases,
and there is a wealth of evidence that, not only is tobacco
smoking a major risk factor for cardiovascular disease,
but also stopping smoking reduces this risk. Grade B
However, there is less agreement about the rate at which
the risk attenuates after smoking cessation. In the 20 year
follow up of the British Doctors Study, for example, excess
risk was halved within 2 or 3 years of smoking cessation,
and by 10 years the risk had returned to that of a non-
smoker (Figure 11.1).°

However, follow up of the cohort men in the British
Regional Heart Study indicates that attenuation of risk is
much slower, and even men who had given up smoking for
more than 10 years still had an increased risk, compared
with non-smokers (Figure 11.2).

Following myocardial infarction (MI), smoking cessation
confers substantial benefits and is particularly important.
In one observational study, stopping smoking halved both
the number of non-fatal recurrences and the number of
cardiovascular deaths (Figure 11.3).8
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Figure 11.1 Diminished risk of death from coronary heart
disease in former light and heavy smokers. Both light and
heavy smokers show a steady decline in risk after stopping
until, after 10—20 years, it is little different from the risk of non-
smokers. (Source: Royal College of Physicians. Smoking or
health? London: Pitman Medical, 1977.)
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Figure 11.2 Relative odds of a major CHD event in relation to
years since stopping smoking cigarettes. (Source: Cook et al.”)

In another study, follow up over 13 years of post-MI
patients showed a 37% mortality in those who had stopped
smoking, compared with 82% mortality in those who con-
tinued smoking.® Furthermore, a UK trial of smoking cessa-
tion advice in smokers with evidence of ischemic heart
disease showed a (non-significant) 13% difference in cumu-
lative CHD deaths over 20 years in those given smoking
cessation advice, compared with those who were not.'°

The mechanisms through which tobacco smoking medi-
ates its adverse cardiovascular effects are largely unknown
and certainly multiple. There is evidence that smoking
contributes to both the atherosclerotic and the thrombotic
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Figure 11.3 Cumulative mortality for 498 survivors of a
coronary attack by smoking habit. Life-table curves start
2 years after attack. Average annual mortality was 6.5% in
non-smokers, 3.7% in those who stopped smoking, and 10.2%
in those who continued smoking. (Source: Daly et al®)

processes; free radical damage to vascular endothelium has

been demonstrated, as have effects on platelet survival,
platelet aggregation, and fibrinogen levels.!!~13

The nature of tobacco smoking

Before individual smoking interventions and cessation
methods are considered, it is helpful to review briefly the
nature of tobacco smoking and the consequent implications
for interventions.

Tobacco smoking is a complex behavior to which psycho-
logic, social, and pharmacologic factors contribute.' Its acqui-
sition is almost invariably in adolescence, as the result of
desire for experimental rebellious behavior, which is per-
ceived as adult and encouraged by peer group pressure.
However, pharmacologic addiction usually then becomes a
factor determining persistence of the behavior, making it diffi-
cult to stop because of the addictive effects of nicotine and the
discomforts associated with withdrawal. Although the balance
between psychologic factors and pharmacologic addiction
varies from smoker to smoker, there is now increasing aware-
ness of the importance of nicotine addiction in maintaining
smoking behavior, and the powerful nature of this addiction
has been compared with addiction to heroin or cocaine.

The evidence basis for smoking cessation

Emphasis on smoking cessation in individual established
smokers is a vital component of any tobacco control strategy
and should complement efforts to prevent the uptake
of smoking by young people. Individual approaches to
both cessation and avoidance can only be supplementary
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to “whole population” approaches, including legislation
(banning sales to “minors” and controlling advertising
promotion), restrictions on smoking, public information and
campaigns, tax measures, and so on. Grade A

For many established smokers, stopping smoking is very
difficult, for both behavioral and psychopharmacologic rea-
sons, and only a minority of established smokers ever suc-
ceed in stopping for good. Most of those who succeed in
stopping find the process of stopping is a dynamic one rather
than a single discrete event (Figure 11.4).

Thinki Deciding
Inking to tr :
about — y Trying to
stopping stop
A
Stopping
“Contented” )
smokers  Relapsing
Staying
stopped

Figure 11.4  Stopping smoking is a process

Relapses are common and eventual success is usually the
outcome of many attempts. Motivation to stop and confi-
dence in the ability to succeed are important predictors of
success. Relapse in the first few weeks is a common pattern,
but the tendency to relapse declines as time progresses and
most of those who manage to avoid relapse for a year are
then able to achieve sustained abstinence.

The great majority of those smokers who do achieve long-
term smoking cessation do so on their own without any spe-
cial aids or assistance, but research has shown that smoking
cessation advice and support from a health professional and
the use of smoking cessation aids can enhance the chances
of success.!”

As already indicated, motivation to stop smoking is
critical to success and this motivation may be determined by
a variety of concerns — personal health, family health, finan-
cial anxieties, social pressures, and so on. The so-called
Stages of Change model acknowledges different levels of
motivation and activity, from precontemplation through
contemplation, preparation and action, to maintenance or
relapse.!® Identification of the stage at which an individual
smoker is can enable motivational or interventional methods
to be targeted more appropriately (though the evidence basis
for the effectiveness of such targeting is currently lacking).

A favorable factor is that the majority of smokers in many
countries report that they want to quit smoking and have
tried to do so, often many times. They also cite advice from
a health professional as being important to them in influ-
encing their motivation to quit. Surprisingly perhaps, only
a minority of smokers say they have ever been asked by
a doctor about smoking and advised to stop.'*

Community interventions

Community- or population-based smoking cessation inter-
ventions have been implemented in a number of settings.
Typically, they involve use of mass media to promote public
awareness and education, to encourage health professionals
to raise smoking as an issue in consultations with patients,
and to offer self-help materials. Evaluation of the effective-
ness of such programs is difficult and they are discussed in
Chapter 10.

Individual advice

Nicotine addiction is now acknowledged as a treatable
condition'® and there is substantial scientific evidence of the
effectiveness of behavioral and pharmacologic interventions.
Individual smoking interventions by health professionals
have been extensively studied.!” An early and influential
trial in the UK was conducted by Russell and colleagues in
general practices in London in the 1970s. In this study,
over 2000 smokers attending their general practitioners for
routine consultations were randomly allocated to a non-
intervention control group and three intervention groups:

e Grade B completion of a brief smoking questionnaire;

e  Dbrief (1-2 minutes) smoking cessation advice; and

e Drief advice supplemented with a simple self-help smok-
ing cessation leaflet.

Smoking cessation rates achieved at 1 month and sustained
for 1 year were 1-6%, 3-:3%, and 5-1% respectively in the
three intervention groups compared with 0-3% in the
control group (Figure 11-5).1°

Many similar randomized controlled trials of simple, brief
smoking cessation advice in medical settings have subse-
quently been conducted and this finding of a small percent-
age of biochemically validated long-term smoking cessation,
resulting from such interventions, has been replicated.?

28 GPs (5 London practices) 5:1%
Approx. 2000 patients
Random allocation to four groups

Questionnaire
+
advice to
stop
+

3:3%

Questionnaire leaflet

1-6% . +
0-3% advice to warning of
Non-intervention Questionnaire| stop follow up
control only

% = proportion who stopped smoking during the first month and
were still not smoking 1 year later (P <0.001)
Equivalent to 25 long term successes per GP each year

Figure 11.5 Effect of GP's advice against smoking. (Based
on Russell et al.'®)
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Nicotine replacement therapy (NRT)

The advent of nicotine chewing gum in the 1970s provided
the first specific pharmacologic “treatment” for smoking ces-
sation. Grade B Subsequent development of transdermal
nicotine patches, nicotine nasal sprays, and nicotine oral
inhalers has increased the range of products available. The
objective in using these “nicotine replacement” products is to
provide a temporary alternative source of nicotine to allay
withdrawal symptoms and so enhance the potential for smok-
ing cessation. Large placebo-controlled trials have clearly
demonstrated that the use of such products as an adjunct to
advice from a health professional can approximately double
smoking cessation rates, compared with placebo.?!?? Several
systematic reviews of the many trials that have now been
conducted with them have confirmed the benefits and shown
that all preparations are effective, but the evidence is particu-
larly substantial for nicotine gum and nicotine patches.?3%*
Both appear to have similar effectiveness but, because of
greater social acceptability, ease of use, and simpler compli-
ance, transdermal patches have been found by many to be
preferable, though gum appears more effective for the most
dependent smokers. A summary of the effectiveness of
NRT and estimates of the number needed to treat (NNT)
to achieve one success are provided in Table 11.1.

Table 11.1 Nicotine replacement therapy preparations
and abstinence

NRT preparation % Quitting OR (95% CI) NNT

(n of trials) .

Active Control
Gum (39) 182 106 16 (1-6—1-8) 18
Patches (9) 2065 108 21 (16-26) 10
Nasal spray (1) 259 99 29 (1:-6-57) 6
Inhaler (1) 152 50 30 (1:4-66) 10

Abbreviations: NRT,nicotine replacement therapy; OR,
odds ratio

Concern has been expressed about the use of NRT in
patients with cardiovascular disease because of the potential
adverse effects of nicotine on the cardiovascular system.
In considering this issue, it is important to be aware that use
of NRT is advocated only as a temporary substitute source
of nicotine in those already self-administering this drug
through tobacco smoking. It is also important to bear in
mind that blood levels of nicotine achieved with NRT are
substantially lower than those achieved by moderate or
heavy smoking. Furthermore, there is no evidence that
nicotine itself contributes to the atherogenic or thrombotic
processes, unlike tobacco smoking.

In a placebo-controlled randomized trial specifically
investigating the safety of transdermal nicotine patches in

patients with cardiac disease, no increase was found in rates
of arrhythmia, MI, or death in high-risk patients (with a his-
tory of MI or coronary revascularization procedure, or of
angina, heart failure, arrhythmia, peripheral vascular dis-
ease, or cerebral vascular disease) in those using nicotine
patches compared with those using placebo patches.?
A review of the potential adverse effects of NRT in patients
with cardiovascular disease concluded that there is no
evidence to justify the withholding of these products in such
patients who smoke and are motivated to stop.?’

Bupropion (Zyban)

Originally developed as an antidepressant, bupropion
(which is an inhibitor of neuronal uptake of norepinephrine,
dopamine and serotonin) was found to apparently aid smok-
ing cessation. Subsequent evidence from placebo-controlled
trials®® has confirmed this and indicate that it is at least as
effective as NRT. Although side effects are rare, there is a risk
of seizures in about 1 in 1000 users. It should not therefore
be used by patients who have a past history of seizures and
who are on drugs known to lower the threshold for seizures;
this includes antipsychotics, antidepressants, antimalarials,
theophylline, quinalones, and sedating antihistamines.
There is no evidence of other adverse effects in patients
with cardiovascular disease and it may therefore be used by
such patients. Whereas NRT should be started only when
stopping smoking is actually attempted, bupropion treatment
needs to be initiated 2 weeks before the attempt is made. The
limited evidence currently available suggests that the combi-
nation of NRT and bupropion may be more effective than
either alone, but more research is needed to elucidate this.

Review of cessation studies

Grade A In a comprehensive systematic review of 188 ran-
domized controlled trials of the efficacy of a wide range of
interventions aimed at helping people to stop smoking, it was
concluded that simple advice, even on one occasion only,
given by a doctor in general or family practice or in a hospital
clinic to all smokers who consulted, resulted in sustained ces-
sation of about 2% and that additional encouragement and
support (additional visits, exhaled CO measurement, letters,
etc.) further enhances this effect.?® Whether similar interven-
tions delivered by nurses are equally effective remains uncer-
tain,® although there is evidence that nurse support,
subsequent to doctor advice, can enhance the effect of this.

This comprehensive review? also endorsed the use of
nicotine replacement therapy but concluded that a variety
of other smoking cessation interventions — hypnosis,
acupuncture, aversion therapy, and pharmacologic agents
other than nicotine, which are sometimes advocated — have
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Table 11.2 Summary estimates of randomized controlled trials of interventions to help people to stop smoking

Intervention % Estimate of Statistical Subjects (trials) Comment
efficacy (95% CI) significance (n)

Simple physician advice (once) 2 (1-3) <0001 14438 (17) Effective

Physician advice with additional 5(1-8) <001 6466 (10) Effective

encouragement/support

Nurse advice 1(—=1-3) >0:10 3369 (2) Unproven

Advice in infarct survivors 36 (23-48) <0-001 2923 (1) Important

Advice in healthy men at high CHD risk 21 (10-31) <0001 13 205 (4) Important

Hypnosis 24 (10-38) <0-001 646 (10) No trials with
biochemical
validation

Acupuncture 3(—1-6) >0:10 2759 (8) No trials with
biochemical
validation

Adapted from Law et a/?®

not been shown by rigorous scientific evidence to be effec-
tive, although it must be acknowledged that the method-
ologic problems associated with attempts to evaluate these
have yet to be overcome. A summary of estimates of effec-
tiveness is provided in Table 11.2.

Specialist smoking cessation clinics

Specialist smoking cessation clinics have been shown to
deliver effective interventions and can make a useful contri-
bution to the provision of individual interventions, usually
by providing regular group treatments. There is some evi-
dence that they can achieve enhanced attendance and absti-
nence rates as high as 20% or more, but interpretation of
their success should take account of the fact that they
recruit widely and participants are generally highly moti-
vated to stop, compared with the majority of those express-
ing an intention to do so. When available, they offer a
self-referral and secondary referral service and can provide
valuable opportunities for smoking cessation research.’!
However, as they are relatively few in number in relation to
the huge need for such interventions, their overall contribu-
tion will inevitably be small.

Practical aspects of smoking cessation in
clinical practice

The essential features of individual smoking cessation inter-
ventions in medical practice are to:

e assess in any medical consultation the smoking
status of the patient, whether a non-smoker, smoker or
ex-smoker;

e advise all smokers about the desirability and importance
of stopping smoking because of health hazards, espe-
cially those who already have smoking-related diseases;

e assist smokers to stop smoking, particularly those with
smoking-related diseases and especially if expressing
interest to do so;

e follow up at subsequent consultations to assess the
outcome and, if necessary, further assist those trying to
stop smoking while encouraging ex-smokers to main-
tain their non-smoking status.?

Assessment

The smoking status of all patients should be recorded in
medical records in such a way that the information is easily
accessible in future consultations. Assessment of smoking
should include a brief history of the patient’s smoking,
including attempts to stop and their current tobacco con-
sumption. Assessment of nicotine addiction should also be
made by inquiring how soon after waking they smoke their
first cigarette and some assessment of their motivation to
stop smoking,

Advice

Grade B All patients with smokingrelated diseases
should be advised to stop smoking and any reasons that
patients put forward for wanting to stop smoking should be
strongly reinforced.

Assistance

Specific help with smoking cessation should be strongly
influenced by patients’ preferences and patients should
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themselves be active in deciding what to do. There is no
set “prescription” for how to go about stopping smoking,
but it is possible to provide guidance, which experience has
shown to be useful. It is important to adopt an individual
approach but guidance might include:

e Grade A setting a target date for stopping;

e some preparation for stopping, review of motivation
and reasons for stopping;

e awareness of times when a particular need is felt for
a cigarette, and attempts to change routines to avoid
association of these times with smoking;

o eliciting support for cessation from friends and colleagues
and, ideally, recruiting a fellow smoker (particularly a
spouse) to join in the attempt to give up smoking.

Generally, sudden complete withdrawal is likely to be
more successful than attempts to gradually reduce smoking.
Strategies need to be planned for coping with withdrawal
symptoms and other difficulties likely to be encountered
immediately after cessation; avoidance of other smokers and
smoking environments is likely to be important, particularly
at “danger times”, like teabreaks and after meals or when
having a drink.

A number of self-help leaflets are available from a variety
of sources to supplement and reinforce such simple guid-
ance. These leaflets have particular value and effectiveness
when handed out by health professionals as an adjunct to
brief advice.

Ask about smoking and record in notes
!

Encourage to remain [ Wants to stop | [Contented smoker
v v

non-smoker

Assess motivation Give information

l N;Amotivate
Ready to stop
Not ready to stop

Give advice,
leaflets,
offer support &
follow up

|Stops smoking| | Fails to stop |

Assess timing of first cigarette
and nicotine dependence &
suggest gum, patches, inhaler
or nasal spray if appropriate

|Stops smoking| | Fails to stop |

Try again later

Figure 11.6 Smoking cessation protocol for doctor/nurse
intervention

Use of NRT should be encouraged in all those (except
perhaps the lightest smokers) for whom advice and self-help
are not enough. Assessment of nicotine dependence is most
simply done by asking how soon after waking the first ciga-
rette is smoked. If this is within half an hour, this is evidence
of at least moderate dependence and suggests likely benefit
from using NRT.

As already indicated, although there is debate about the
safety of using NRT in patients with cardiovascular disease,
evidence of harm from doing this is lacking but there is
some evidence that suggests that it is safe. This is likely to be
so if nicotine gum or patches are used (as they should be) as
a temporary substitute for smoking. A combination of smok-
ing and nicotine replacement may well be potentially harm-
ful and should be strongly discouraged. A simple smoking
cessation protocol is illustrated in Figure 11.6.

Key points

e Tobacco smoking is a critically important, modifiable
cardiovascular risk factor (especially in those with estab-
lished cardiovascular disease).

e Smoking cessation attenuates cardiovascular risk and
early benefits accrue (again, especially in those with
established cardiovascular disease).

e There is good evidence for the effectiveness of simple,
brief smoking cessation advice and the use of NRT as
an adjunct to this. NRT is effective and safe.

e Smoking and smoking cessation should be routinely
addressed by health professionals in any consultations
with patients who smoke.

e  Simple cessation advice and support should be routinely
offered by healthcare professionals in any consultations
with patients who smoke.

e NRT — chewing gum, transdermal patches, nasal spray,
or oral inhaler — should be recommended to all smokers
trying to quit. Encouragement and support should
accompany this, and compliance for 2 or 3 months
should be encouraged in those who achieve short-term
abstinence with it.

e Bupropion (Zyban) is a proven alternative to NRT.
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2 Lipids and cardiovascular disease

Malcolm Law

For many years the issue of lipids and cardiovascular disease
was seen as controversial and difficult to resolve, yet the
high-fat diet typical of many western countries over the
greater part of the 20th century has proved to be the major
underlying factor in the epidemic of ischemic heart disease,
and modern cholesterol lowering drugs can reduce risk
more than any other single intervention.!

Serum total and low density
lipoprotein cholesterol

Typical values of serum total and low density lipoprotein
(LDL) cholesterol in western countries are high in compari-
son to those in agricultural and hunter—gatherer communi-
ties, because of the high saturated fat content of the western
diet. Average serum cholesterol concentration (in men aged
45-60) is about 3-3-5mmol/1 in hunter—gatherer societies
and rural China (where heart disease is rare), 5-0 mmol/1 in
Japan, 5-5mmol/1 in Mediterranean populations and a little
higher in the USA, and 6 mmol/l in Britain and several
other European countries.? Average levels of LDL choles-
terol are about 2mmol/1 lower.? Use of the term “normal”
in reference to usual or average western cholesterol values
may therefore be misleading,.

Of the average total serum cholesterol in western popula-
tions, two thirds is low density lipoprotein (LDL) cholesterol
and one quarter is high density lipoprotein (HDL) choles-
terol. The atherogenic properties lie in the LDL fraction
(sometimes measured as its carrier protein, apolipoprotein
B, with which it is highly correlated). Many of the large epi-
demiological studies and randomized trials measured only
total serum cholesterol, and results based on total serum
cholesterol have been taken to estimate effects of LDL cho-
lesterol. Fortuitously, the approximation is a good one. The
absolute reduction in total serum cholesterol produced by
diet and by most drugs (including statins') is similar to the
reduction in LDL cholesterol. Observational differences in
total cholesterol between individuals are close to the corre-
sponding differences in LDL cholesterol, because HDL
cholesterol is independent of total serum cholesterol.>* This
arises because the tendency for HDL cholesterol to be posi-
tively associated with total cholesterol (as HDL cholesterol
is part of total) is offset by the small inverse association
between HDL and LDL cholesterol. Much epidemiologic

and clinical trial data are therefore available to estimate
quantitatively the effect of lowering serum LDL cholesterol
on the risk of ischemic heart disease.

Serum cholesterol and ischemic heart disease

Evidence from genetics, animal studies, experimental pathol-
ogy, epidemiologic studies and clinical trials indicates con-
clusively that increasing serum cholesterol is an important
cause of ischemic heart disease and that lowering serum
cholesterol reduces the risk,>° and the results of six large
randomized trials of statins have ensured that this is now
widely accepted.!””"!! Three important practical questions
arise: the nature of the dose—response relationship, the size
of the effect, and the speed of the reversal of risk. To answer
these questions data from both observational epidemiology
(cohort studies) and randomized controlled trials are neces-
sary. The two are complementary; examining trial data
alone is misleading. Table 12.1 summarizes the advantages
of each. In cohort (or prospective) studies serum cholesterol
is measured in a large number of individuals and subsequent
heart disease mortality (or incidence of myocardial infarc-
tion) is recorded. Cohort studies are easier to conduct than
trials (as there is no intervention) and can therefore be
much larger. Accordingly, their statistical power is greater
and they can examine the association across a wider range
of serum cholesterol values and a wider range of ages than
trials have done. Most of the cohort studies and trials of
cholesterol and ischemic heart disease recruited men, for
reasons of economy, as ischemic heart disease is more com-
mon in men. The more limited data from women indicate a
similar effect as in men.!

The nature of the dose-response relationship:
is there a threshold?

Figure 12.1 shows mortality from ischemic heart disease
plotted according to quintile groups (fifths) of the ranked
serum cholesterol measurements in a large cohort study of
serum cholesterol and ischemic heart disease (MRFIT
Screenees).!? With ischemic heart disease plotted on a loga-
rithmic scale, the relationship is described almost perfectly
by a straight line linking the proportional change in
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Table 12.1
cholesterol and ischemic heart disease

Relative advantages of cohort studies and randomized trials in assessing the relation between serum

Objective

Advantage (comment)

Statistical power

Cohort studies (recorded about three times more ischemic heart

disease events than the trials)

Dose-response relationship
Wide age range

Cohort studies (observation across wide range of cholesterol values)
Cohort studies (ischemic heart disease events at age 35-85, but

mostly 55-65 in trials)

Long-term effects of cholesterol differences

Cohort studies (on recruitment the serum cholesterol was the same in

intervention and control groups)

Short-term effects of cholesterol differences

Randomized trials (on recruitment serum cholesterol was the same in

intervention and control groups)

Avoid bias

Randomized trials (not a major advantage — bias in cohort studies can

be allowed for)

Ischemic heart disease mortality
per 10000 man years
|
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=
o

|
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Figure 12.1  Mortality from ischemic heart disease (with 95%
confidence intervals) according to serum cholesterol in a large
cohort study'?

ischemic heart disease to the absolute difference in serum
cholesterol (r=0-997). Other cohort studies show the
same relationship.® The 95% confidence limits of the risk
estimates in each quintile group do not overlap, establishing
that there is no threshold below which a further decrease in
serum cholesterol is not associated with a further decrease
in risk of ischemic heart disease. The exponential relation-
ship indicated by the straight line means that a given
absolute difference in serum cholesterol concentration from
any point on the cholesterol distribution is associated with
a constant proportional difference in the incidence of
ischemic heart disease.

This absence of a threshold has been contentious; many
published guidelines on lowering cholesterol invoke one,
commonly advocating cholesterol lowering drugs only in
patients whose serum cholesterol exceeds 5mmol/1, yet
the evidence is firmly against any threshold. The data in
Figure 12.1 (which alone are conclusive) are supported by
data from other large cohort studies,® including an impor-
tant study from China which shows that the continuous
relationship extends below serum cholesterol values of
4mmol/1.'3 The results of a subgroup analysis in one statin
trial® showing no reduction in coronary events in persons
with the lowest serum cholesterol levels have been misin-
terpreted, because the confidence interval on the result was
consistent both with no reduction in coronary events and
with the expected reduction from the continuous associa-
tion shown in cohort studies. Large randomized trials have
now confirmed the result from cohort studies that the con-
stant proportional reduction in risk extends below
5mmol/1.%!114 Experimental data on the transfer of choles-
terol from the blood into atheromatous lesions exclude a
threshold as low as 1 mmol/1.!> Patients at high risk of an
ischemic heart disease event (especially those with existing
disease) should be offered a statin irrespective of their exist-
ing level of total or LDL cholesterol.

The size of the effect

Cohort studies provide the best estimates because they
cover a wide age range and have high statistical power, and
because the serum cholesterol differences between individ-
uals recorded on entry to a cohort study will have been
present on average for decades beforehand (so cohort stud-
ies show long-term associations). Trials, on the other hand,
show the effect of short-term differences. Cohort studies are
subject to bias, but this can be corrected. The major bias is

the so-called “regression dilution bias”.3
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Table 12.2 Estimates (from 10 cohort studies) of the

percentage decrease in risk of ischemic heart disease

according to extent of serum cholesterol reduction and
6

age

Age (years) Estimated percentage decrease in
risk for a serum cholesterol
reduction (mmol/I) of
0-3 0:6 1-2 1-8
(5%) (10%)  (20%) (30%)

40 32 54 79 90

50 29 39 63 77

60 15 27 47 61

70 11 20 36 49

80 10 19 34 47

Table 12.2 shows estimates of the long-term percentage
decrease in the risk of an ischemic heart disease event
according to the decrease in serum cholesterol concentra-
tion and age at event. The estimates are taken from an
analysis of the 10 largest cohort studies, corrected for the
regression dilution bias and for the minor distinction
between differences in total and in LDL cholesterol dis-
cussed above.® A reduction in total or LDL cholesterol of
0-6 mmol/1 (about 10%) is associated with a decrease in risk
of ischemic heart disease of about 50% at age 40, 40% at 50,
30% at 60, and 20% at 70-80. The proportional decrease
in risk decreases with age, but the absolute benefit increases
because the disease becomes more common with age.
The increasing reduction in risk with greater reduction in
serum cholesterol shown in Table 12.2 follows from the
exponential dose—response relationship described above. For
a 0-6mmol/1 cholesterol reduction at age 60, for example,
the reduction in risk is 27% and the relative risk is therefore
0-73; with a serum cholesterol reduction three times as great
(1-8 mmol/1), the relative risk is 0-73% (0-73 X 0-73 X 0-73)
or 0-39, and the reduction in risk is 61%.

Speed of reversal and consistency of
observational and trial data

Data have been analyzed from the “old generation” of 28
randomized trials in which the average serum cholesterol
reduction was about 0-6 mmol/1 (10%).° Figure 12.2 shows
the reduction in incidence of ischemic heart disease in all
trials combined according to time since entry. In the first
2 years there was little reduction in risk. From 2 to 5 years
the average reduction in risk was 22%, and after 5 years the
reduction was 25%. The ischemic heart disease events in
these trials mostly occurred at an average age of about 60,
and at this age the estimate of the long-term effect from the
cohort studies is 27% (Table 12.2). The similarity of the esti-
mates of effect from the cohort studies and from the trial

0% —
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L 10% —
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X
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= 20% —
e
o
: /—
3 30% —
&
L Randomized trials —— Cohort
// studies
40% T T T T /1
0 2 4 6 8 10 Long term

Time after cholesterol reduction (years)

Figure 12.2 Reduction in the incidence of ischemic heart dis-
ease (IHD) per 0.6mmol/I (about 10%) decrease in serum
cholesterol, as estimated from randomized trials according to
time since entry and from cohort studies (which reflect the long
term association)®

data from the third year onwards therefore indicates that
the reversal of risk is near maximal after 2 years — a surpris-
ingly rapid effect.

The trial data show that the proportional reduction in risk
from lowering serum cholesterol is similar in persons with
and without previous myocardial infarction or other clinical
evidence of coronary artery disease.

The six large trials of statins’»”~!! have achieved signifi-
cantly larger reductions in total and LDL cholesterol. These
trials too showed a relatively small reduction in ischemic
heart disease events in the first 2 years, but a reduction after
2 years that is close to the maximum indicated by cohort
studies. Most of these trials achieved an average reduction
in total and LDL cholesterol of about 1 mmol/1 in treated
relative to placebo patients. The reduction in ischemic heart
disease events was about 40% from the third year onwards,
similar to the long-term estimate corresponding to this cho-
lesterol reduction at age 60 (the average age at the time of
the events) from the cohort studies. With relatively little
reduction in risk in the first 2 years, the average reduction
over the entire duration of the trials (5 years or so) was
about a third. Importantly, however, the randomized trials
of statins do not show their full potential for preventing
ischemic heart disease events because of “contamination” —
some patients allocated to the treated group leave the trial
and stop taking the tablets, whereas some patients allocated
to the placebo group take statins. Atorvastatin and simvas-
tatin can reduce serum total and LDL cholesterol by about
1-8mmol/1, but no trial has maintained this difference
between all patients allocated to the treated and placebo
groups over the 5 year duration of a trial. Two trials have
maintained a difference of about 1-6 mmol/l — one statin
trial' and a trial in which serum cholesterol was reduced by
ileal bypass surgery.® A long-term reduction in ischemic
heart disease events of about 55% at age 60 would be
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expected from the cohort study data in Table 12.2, and this
was approximately the observed reduction after 2 years in
these two trials. With a serum cholesterol of 1-8 mmol/1 a
reduction in heart disease events of about 60% would
be expected in the longer term, as Table 12.2 shows. The
randomized trials therefore confirm the dose-response rela-
tionship shown in the cohort studies (the greater the choles-
terol reduction the greater the reduction in heart disease
events) and confirm the estimates from the cohort studies in
Table 12.2 of the reduction in risk. We can therefore be con-
fident that using atorvastatin or simvastatin in doses of
around 20 mg/day to reduce cholesterol by 1-8 mmol/1 will
reduce risk by about 60% in the longer term.

Dietary fat and serum cholesterol

The relationship between dietary saturated fat and serum
cholesterol is shown by the data from Japan and Britain in
Table 12.3. This comparison is a useful one because dietary
saturated fat differs greatly, yet dietary polyunsaturated fat
and cholesterol are similar in the two countries. As in other
situations (salt and blood pressure, for example) the size of
the association varies with age, yet there has been a ten-
dency to generalize to older age groups the results of studies
conducted in younger age groups. Many dietary trials, for
example, have been conducted in people under 30. The few
that have been conducted in people over 50 tend to support
the above Japan-Britain comparison.® In older people a
reduction in dietary saturated fat equivalent to 10% of calo-
ries will lower serum cholesterol by about 1 mmol/1, which
in turn will reduce ischemic heart disease mortality in the
long term by about 40%.

The chain lengths of saturated fatty acids influence the
extent to which they increase blood cholesterol. Palmitic
(Cy6.0) and myristic (Cj 4.) acids have the major effect, lauric
acid (Cyy.0) some effect, and stearic acid (Cg.9) and medium
chain fatty acids have little or no effect.

Table 12.3 Serum cholesterol and dietary saturated
fat in Japan and Britain. Data compiled from national
surveys in each country?

Age Japan Britain Difference

Dietary saturated fat (% calories)

All ages 6% 16% 10%
Serum cholesterol (mmol/1)

20-9 4.5 5:0 05
30-9 50 56 06
40-9 51 6:0 09
50-9 52 62 10
60-9 5:0 62 12

Trans unsaturated fatty acids are also important: random-
ized trials show that they increase serum total and LDL cho-
lesterol by about as much as these longer chain saturated
fatty acids.'®!” They are scanty in naturally occurring fats
but are generated by the hydrogenation of vegetable oils for
use as hardening agents in manufactured foods. They consti-
tute 6—-8% of dietary fat, or 2% of calories, in western diets.

Naturally occurring cis unsaturated fatty acids reduce
serum cholesterol by approximately half as much as longer
chain saturated fatty acids increase it. Reduction in dietary
cholesterol has a small effect on blood cholesterol concentra-
tion.” Substitution of cis unsaturated for saturated fats in the
western diet is thus the most appropriate change in lowering
the high levels of blood cholesterol in western populations.

The reduction in serum total or LDL cholesterol that can
easily be attained Dby individuals trying to alter their diet
in isolation from family, friends and workmates is rela-
tively small (about 0-3 mmol/1, or 5%). A larger serum cho-
lesterol reduction, about 0-6 mmol/1 (10%), is realistic on a
community basis, as the availability of palatable low-fat food
increases when other family members or the community
alter their diet, and the dietary change is perceived more pos-
itively. A reduction by about 7% of calories, a realistic target
for a high-fat population, would lower serum cholesterol by
0-6 mmol/1, which in turn would reduce the mortality from
ischemic heart disease at age 60 by 25-30%. Reductions
in serum cholesterol of about 0-6 mmol/1 through dietary
change have occurred in entire western communities, in the
United States and Finland for example.? Measures that facili-
tate such a change include wider public education, labeling
of foods sold in supermarkets, and the provision of informa-
tion on the fat content of restaurant meals. Most important is
the implementation of national and international policies on
food subsidies that are linked to health priorities.

Serum cholesterol and circulatory diseases other
than ischemic heart disease

Table 12.4 shows the death rates from all circulatory diseases
according to total serum cholesterol concentration, observed
in the same large cohort study (MRFIT Screenees'®) as
shown in Figure 12.1. Apart from ischemic heart disease,
serum cholesterol is associated with stroke and with other
circulatory diseases.

Stroke

The data from the large cohort study of the MRFIT
Screenees (Table 12.4) are useful because thrombotic and
hemorrhagic stroke were distinguished. For deaths from
thrombotic stroke the data are consistent with a continu-
ous dose-response relationship with serum cholesterol,
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Table 12.4 Death rates per 100000 man years (number of deaths) from circulatory diseases according to serum

cholesterol in a large cohort of men'8

Cause of death (IDC-9 code)

Serum cholesterol (mmol/I) (% of all men)

<4-1 (6%) 4-1-5-1 (31%) 5-2-6-1 (39%) =6-2 (24%) P (trend)
Ischemic heart disease (410-4) 65 (160) 98 (1239) 169 (2731) 289 (2804) <0:001
Stroke
thrombotic (433-8) 6 (14) 6 (73) 8 (135) 13 (126) <0:001
intracranial hemorrhage (431-2) 9 (22) 4 (Bb) 5 (86) 6 (57) -
Other circulatory diseases 31 (77) 39 (483) 41 (B70) B7 (5656) <0-001
All circulatory diseases (390-459) 110 (273) 147 (1850) 224 (3622) 365 (3543) <0-001

analogous to that shown for ischemic heart disease in
Figure 12.1. For hemorrhagic stroke (intracranial and sub-
arachnoid), however, there is an excess risk at lower serum
cholesterol levels.'®!9 Cohort studies that have distin-
guished thrombotic and hemorrhagic strokes are fairly con-
sistent in showing a positive association of serum
cholesterol with thrombotic stroke mortality but an inverse
association with hemorrhagic stroke mortality, and cohort
studies that do not distinguish the two types of stroke tend
to show little or no association between cholesterol and
stroke mortality, consistent with the two associations can-
celling each other out.?? Whether the inverse association is
cause and effect is uncertain. It is more difficult to see how
a spurious (non-causal) association with intracranial hemor-
rhage might arise through the disease (or predisposition to
the disease) lowering serum cholesterol than is the case
with depression and suicide or cancer. It is also difficult to
see any mechanism by which the inverse association might
be cause and effect, although experimental data lend some
support to an interpretation of a causal effect of low choles-
terol in that the endothelium of intracerebral arteries might
be weaker at very low serum cholesterol levels.!?

The randomized trials of serum cholesterol reduction, espe-
cially the statin trials, have shown a lower incidence of stroke
(all types combined) in treated than control patients:?~11:2!
statins reduced stroke by about 26%.2! However, these were
nearly all non-fatal strokes. Thrombotic stroke has a lower
case fatality than hemorrhagic stroke, so the majority of non-
fatal strokes (recorded in the trials) will be thrombotic but lit-
tle more than half of fatal strokes (recorded in the cohort
studies) will be thrombotic. Also, the randomized trials
tended to recruit patients in the upper half of the serum cho-
lesterol distribution, where thrombotic stroke will be more
common because of its positive association with serum cho-
lesterol. These observations can probably reconcile the reduc-
tion in the incidence of stroke in trials (where most of the
strokes will have been thrombotic) with the absence of an
association between serum cholesterol and stroke mortality
in cohort studies. Grade A Trials that distinguished throm-
botic from hemorrhagic stroke showed that the risk of

thrombotic stroke was significantly reduced by a statin,!!
but there are too few data on hemorrhagic stroke to confirm
or refute the inverse association with cholesterol shown in
cohort studies.

Even if the association between low cholesterol and hem-
orrhagic stroke is cause and effect, however, the increased
mortality from hemorrhagic stroke due to very low choles-
terol concentrations is small compared to the lower mortal-
ity from other vascular diseases. For example, in Table 12.4
the mortality from all circulatory diseases at the lowest
serum cholesterol (<4-1mmol/l) was 110 per 100000
man years, lower than the rate of 147 per 100000 man
years in the next highest cholesterol group.

Patients who have had a thrombotic stroke are at high
risk of a recurrent event and should receive statins, as
should patients with carotid artery disease and others at
high risk. Patients who have had a hemorrhagic stroke
should not receive statins.

Peripheral arterial disease

Observational data show the expected association between
peripheral arterial disease and serum cholesterol. In a large
case—control study the association was equivalent in magni-
tude to an increase in risk of intermittent claudication of
about 24% for a 0-6 mmol/1 increase in serum cholesterol??
(uncorrected for regression dilution bias), similar in magni-
tude to the association of serum cholesterol with ischemic
heart disease. In the 4S trial (serum cholesterol reduction
1-8 mmol/1) the incidence of intermittent claudication was
reduced by 38% (95% confidence interval 12%, 56%; 52 v
81 cases).?

Abdominal aortic aneurysm

The pathology of the condition is complex, but abdominal
aortic aneurysms are associated with atheromatous disease
and tend to coexist with coronary artery or peripheral arte-
rial disease. Abdominal aortic aneurysms are associated with
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a higher serum LDL cholesterol and triglyceride and a lower
HDL cholesterol.

Other circulatory diseases

Table 12.4 shows a strong association between serum cho-
lesterol and all circulatory diseases other than ischemic
heart disease and stroke. Deaths from peripheral arterial dis-
ease and abdominal aortic aneurysm are too infrequent to
account fully for this association. It is probably attributable
also to poorly certified ischemic heart disease: deaths certi-
fied due to atrial fibrillation, heart failure, myocardial degen-
eration and atherosclerosis, for example, are in many cases
due to ischemic heart disease.

Safety of cholesterol reduction

The uncertainty concerning the excess mortality from hem-
orrhagic stroke at low serum cholesterol concentrations is
unresolved, as discussed above. This apart, there are no
material grounds for concern about hazard. Trials of “statin”
drugs, particularly informative on safety because of the large
reduction in serum cholesterol that they achieve, have
resolved the issue of safety because they show no excess
mortality from non-circulatory causes.’””!! The excess mor-
tality from cancer and accidents and suicide at very low
serum cholesterol in observational studies is attributable to
cancer or depression lowering serum cholesterol, not the
reverse.'? Further reassurance on safety is provided by the
condition of heterozygous familial hypobetalipoproteinemia,
in which serum cholesterol levels are as low as 2-3 mmol/1.
Life expectancy is prolonged because coronary artery disease
is avoided, and no adverse effects from the low cholesterol
are recognized®*?> — an important natural experiment.
Statins as drugs are safe, with few adverse effects. The rare
complication of rhabdomyolysis, with severe muscular pain
and myoglobulinuria, has received attention with the with-
drawal from the market of cerivastatin, but this is thought to
affect only about one in 250000 patients using the other
statins. It is commoner with concomitant therapy with
cytochrome P450 metabolized drugs, of which erythromycin
and fibrates (especially gemfibrozil) are the most common.

Why was cholesterol reduction contentious?

occurs in the first year after lowering cholesterol. Cross-
sectional studies of dietary saturated fat and serum choles-
terol showed little or no relationship, an observation that
was wrongly interpreted as indicating that lowering dietary
saturated fat did not reduce cholesterol, until randomized
trials established that it did. (The weak cross-sectional asso-
ciation arises because the inaccuracy in measuring individ-
ual dietary saturated fat is large in comparison to the small
degree of variation between individuals in true saturated fat
consumption.?’) Clinicians were reluctant to accept that
there was benefit in lowering average levels of serum cho-
lesterol in high-risk patients: the notion that the average
serum cholesterol in entire western populations is high
appeared counterintuitive. The issue of safety caused con-
cern, as discussed above. Lastly, it has seemed inconsistent
that serum cholesterol is a poor screening test yet an impor-
tant cause of heart disease, as discussed below. All these
issues are now satisfactorily resolved.

Dietary fat and coagulation

Dietary fat increases blood levels of coagulation factor VII
and hence increases the risk of thrombosis, myocardial
infarction and cerebral thrombosis.?®% Saturated and unsat-
urated fat increase factor VII equally, and the increase
appears directly related to the extent of postprandial
lipemia. The importance of this effect in increasing the risk
of cardiovascular death is difficult to quantify. However,
analyses of differences in serum cholesterol and ischemic
heart disease mortality between different populations
(so-called “ecological” comparisons), such as the Seven
Countries Study, yield significantly larger estimates of the
relationship than obtained from the cohort studies and trials
discussed above, and differences between populations in
serum cholesterol are largely attributable to differences in
dietary fat, whereas genetic differences account for over half
the variation in serum cholesterol between individuals in a
cohort. At age 60, for example, the ecological estimate is a
38% difference in risk for a 0-6 mmol/1 cholesterol differ-
ence, compared to a 27% difference in the cohort studies
(Table 12.2).3 The difference may partly reflect the effect of
dietary fat on heart disease risk.

Triglycerides

A few years ago many clinicians regarded serum cholesterol
reduction with uncertainty or suspicion. Until the early
1990s unfavorable evidence had been reported at regular
intervals over the previous 30 years. The earliest trials used
toxic agents to lower serum cholesterol, notably estrogen
(in men) and thyroxine. Some early trials were short in
duration?® and showed no reduction in risk, because none

Serum triglyceride concentration was associated with the
risk of ischemic heart disease in many cohort studies, but
the association is subject to confounding by serum LDL and
HDL cholesterol, diabetes and other factors.*3? The effect
of dietary fat increasing factor VII will also produce an indi-
rect association between triglycerides and heart disease
mortality. Whether an independent association exists is
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contentious. Very high serum levels of triglyceride caused by
genetic defects (familial lipoprotein lipase deficiency, for
example) are not associated with atheroma or coronary
artery disease, and this observation, together with the
potential for confounding in cohort studies, suggests that a
material cause and effect relationship between serum
triglyceride and heart disease is unlikely.

High density lipoprotein cholesterol

double the population average.3® The 5% of men with high-
est LDL cholesterol (or its carrier protein, apolipoprotein B)
experience 17% of the heart disease deaths.’’ Grade A

Including HDL cholesterol improves this poor detection by
only about one percentage point. Lipids cannot identify a
small minority of the population in whom the majority of
future heart disease deaths will cluster.

Appropriate policy

There is an inverse association between HDL cholesterol (or
apolipoprotein Al) and ischemic heart disease. An absolute
increase corresponding to 0-12mmol/1 (about 10% of the
average value) is associated with about a 15% decrease in
the risk of ischemic heart disease at age 604 or a 20%
decrease with adjustment for the regression dilution bias.*°
The effect of alcohol in increasing HDL cholesterol is the
major mechanism for the lower risk of heart disease in
drinkers.3! The effect of smoking in decreasing HDL choles-
terol contributes to the excess risk of heart disease in smok-
ers. The statin cholesterol lowering drugs increase HDL
cholesterol relatively little. Certain other cholesterol lower-
ing drugs (such as fibrates and niacin) increase HDL choles-
terol more, but even in persons with relatively low HDL
cholesterol the overall protective effect of these drugs is
smaller because they reduce LDL cholesterol less, and so
they should not be preferred to statins.

Lipids as screening tests

Serum cholesterol reduction is important in reducing the
risk of ischemic heart disease, but cholesterol and other
lipids are poor population screening tests for ischemic heart
disease. The reason for the apparent discrepancy is that the
screening potential of a factor depends not only on the
strength of its relationship with disease, but also on its vari-
ation in magnitude across individuals in a community. In
the case of lipids, the high average values in western soci-
eties place everyone at risk, and the variation between indi-
viduals is too small for use in population screening. By
analogy, if everybody smoked between 15 and 25 cigarettes
per day, cases of lung cancer would not cluster in the minor-
ity who smoked 25 cigarettes a day to the extent that those
who smoked 15 or 20 could be ignored. Moreover, the
Gaussian distribution of serum cholesterol means that many
people have values around the average and few have rela-
tively high values, so that most ischemic heart disease
events will occur in people whose serum cholesterol is
about average.

Among men aged 35-64, the 5% with the highest serum
total cholesterol experience only about 12% of all deaths
from ischemic heart disease — their risk is little more than

In a small proportion of the population, notably persons
with familial hypercholesterolemia, the absolute risk of
death from ischemic heart disease at a young age is so great
that affected persons should be identified and treated, even
though the condition accounts for a fraction of all heart dis-
ease deaths in a population. Grade A The most appropriate
screening strategy has not yet been devised; measuring
lipids in relatives of known cases will not identify all cases.

Because screening cannot identify a group who would
notbenefit from a reduction in dietary fat and serum choles-
terol, such measures should be directed at the entire popu-
lation. Serum cholesterol reductions of 0-6 mmol/1 (10%),
as discussed above, have occurred in entire western com-
munities, facilitated by health education, the wider avail-
ability of healthy food in restaurants and supermarkets,
and a positive image of healthy eating. A reduction of
0-6mmol/1 is less likely when an individual attempts
dietary change in isolation. The most important measures to
lower cholesterol in healthy people therefore involve wider
public education, encouragement of labeling of the nutrient
content of foods, and the widespread availability of palatable
low-fat foods.

Clinicians need to direct their activities towards high-risk
patients, and the most important high-risk group (based on
the proportion of all heart disease deaths that can be antici-
pated) are patients who have had a myocardial infarction.
As a group, these patients face a risk of death from ischemic
heart disease of about 5% per year (untreated), a risk that
varies relatively little with age or sex. As in healthy people,
serum cholesterol testing cannot identify a substantial group
at either materially higher or materially lower than average
risk of death. Also, the evidence strongly indicates that
there is no threshold below which serum cholesterol reduc-
tion is not effective. It follows that serum cholesterol
should be reduced in all survivors of myocardial infarction.
Simvastatin and atorvastatin can lower serum cholesterol by
1-8 mmol/1 (30%) and this, as discussed above, will reduce
mortality from heart disease by about 60% after 2 years, a
substantially larger reduction in risk than can be achieved
by any other single intervention. Other high-risk groups
include patients with angina, patients who have had a
thrombotic stroke, patients with carotid artery disease,
patients with peripheral arterial disease and claudication,
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and diabetics. All these patients should receive statins
routinely.

The “population” and “high-risk” approaches are comple-
mentary — the first primarily a public health issue aimed at
altering the population diet and hence the incidence of
ischemic heart disease, the second primarily a clinical activ-
ity, identifying and treating with statins patients with coro-
nary artery disease.

Conclusions

The high levels of serum cholesterol found in western popu-
lations are a major cause of the high mortality from ischemic
heart disease and, to a lesser extent, stroke and other circu-
latory diseases. Realistic dietary change in a community can
lower serum cholesterol by 0-6 mmol/1 (10%) and reduce
heart disease mortality by about 25-30%. Simvastatin and
atorvastatin can lower cholesterol by 1-8 mmol/1 (30%) and
reduce the risk of heart disease death by about 60% from
the third year onwards, and should be offered to all high-risk
survivors. Despite the importance of lowering cholesterol,
lipids are poor screening tests of individual risk, because the
average risk is high and the range across a population is
relatively narrow.

Serum cholesterol and ischemic heart disease

Grade A

e The effect of serum cholesterol reduction on ischemic
heart disease mortality is large and important.

e There is little reduction in risk in the first year, but the
expected reduction in risk is largely attained from the
third year onwards.

e There is no threshold across the range of cholesterol val-
ues in western countries below which reducing serum
cholesterol reduction is not worthwhile. In particular
there is no justification for withholding statins from high
risk patients whose serum cholesterol is below 5 mmol/I.

o The greater the reduction in serum cholesterol, the
greater the reduction in risk.

e Simvastatin and atorvastatin can lower cholesterol by
1.8 mmol/I (30%) and reduce the risk of heart disease
death at age 60 by about 60% from the third year
onwards; their use should be routine in high-risk
patients.

o Realistic dietary change in a community can lower
serum cholesterol by 0.6 mmol/I (10%) and reduce the
risk of heart disease death by 256—30% at age 60. In an
individual acting alone, the realistic change is half this.

e  The benefits are similar in men and women.

Serum cholesterol and other circulatory
diseases

o  Statins reduce the risk of thrombotic stroke and peripheral
arterial disease and should be used in high-risk patients.

e  Cohort studies show excess mortality from hemorrhagic
stroke at very low cholesterol levels. The interpretation

is uncertain. The possible hazard, however, is greatly
outweighed by the benefit of low mortality from heart
disease at very low cholesterol levels.

Screening

e Lipids are poor screening tests for predicting heart dis-
ease death in an individual: it is not possible to identify a
small minority in @ community who will experience the
majority of heart disease deaths.

e The B% of men with highest total serum cholesterol
experience only about 12% of heart disease deaths.

e In the extremity of the distribution, familial hypercholes-
terolemia is important to detect because the absolute
risk of heart disease death at a young age is high, even
though the condition accounts for only a small proportion
of heart disease deaths.
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Jeffrey L Probstfield

Introduction

According to the most recent data from the American Heart
Association, 12600000 American adults have coronary
heart disease (CHD).! CHD is the leading cause of death
among US adults, responsible for one of every five deaths in
the United States in 1999. Although the age adjusted death
rate from CHD decreased by 24% from 1989 to 1999, the
actual number of deaths decreased by only 6-8% over this
same time.!

The associated morbidity, treatment of related conditions
and preventive approaches for CHD are reviewed in other
chapters of this book. Discussed here is the practical use
of lipid lowering agents to prevent hypercholesterolemia —
a well-established risk factor for the development of CHD.

Major trials have clearly demonstrated that decreases in
low density lipoprotein cholesterol (LDL-C) are associated
with reductions in total mortality,>~* CHD mortality,> fatal
and non-fatal CHD as well as strokes.”™ Other major trials
have also shown that lowering LDL-C can retard the pro-
gression of coronary artery atherosclerosis® and carotid ath-
erosclerosis’ and may even cause their regression, as well as
slow the progression and occlusion of atherosclerosis in
saphenous vein bypass grafts.? In both primary® and second-
ary>* CHD prevention settings, decreases in total and cause-
specific mortality have been demonstrated, and these
benefits have been shown in both subjects with elevated,>3
average,® and normal LDL-C levels. Evidence of the benefits
of statins in reducing the risk of stroke and observations con-
cerning their pleiotropic effects are also reviewed.

This chapter’s primary purpose is to review the evidence
regarding plasma lipid-altering medications, their mecha-
nisms of action, dosages and dosing schedules, effects on
lipid and lipoprotein variables, adverse effects, and clinical
uses. The evidence for cholesterol lowering in such sub-
groups as the elderly, women, diabetic patients, and those
with small-dense LDL particles will also be summarized.

The 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitor agents (statins), which are highly effec-
tive LDL-C lowering agents, are reviewed, as are niacin, bile
acid sequestering agents (resins), fibrates, and ezetimibe.
A brief review of the costs/1% LDL-C lowering/year and
cost effectiveness concludes this chapter.

Use of lipid lowering agents in the
prevention of cardiovascular disease

The National Cholesterol Education Program (NCEP) has
been instrumental in developing and promulgating guide-
lines for initiating LDL-C lowering. These guidelines, devel-
oped on the basis of the patient’s established baseline LDL-C
and presence or absence of CHD or its risk factors, recom-
mend treatment goals to attain desired levels of plasma
LDL-C. To date, the NCEP has issued three Adult Treatment
Panel (ATP) reports. ATP I emphasized primary prevention
of CHD in persons with high (>160mg/dl) or borderline-
high LDL levels (130-159mg/dl) and >2 risk factors for
development of CHD. In ATP II, persons with established
CHD were targeted for intensive lipid lowering therapy.

ATP 1II, disseminated in 2001, continues to identify ele-
vated LDL-C as the primary target of cholesterol lowering
therapy and to maintain attention on intensive treatment of
patients with CHD.? It expands the indications for intensive
therapy to lower levels of cholesterol in clinical practice.
A major new feature is that intensive LDL-C lowering
treatment is a primary prevention measure for persons with
multiple risk factors for developing CHD, as identified by
the estimated 10 year CHD risk score developed from the
Framingham data. ATP III sets the optimal LDL-C level as
<100mg/dl and defines low HDL-C as <40 mg/dl (previ-
ous cutpoint was <35mg/dl).?

ATP III also recommends that persons with the metabolic
syndrome — a constellation of major lipid and non-lipid risk
factors, life-habit risk factors, and emerging risk factors —
should be targeted for intensive therapeutic lifestyle changes.
Characteristics of the metabolic syndrome include abdomi-
nal obesity, elevated blood pressure, insulin resistance, and
atherogenic dyslipidemia — elevated triglycerides, small LDL
particles, and low HDL-C. Atherogenic dyslipidemia should
be treated with lipid-altering agents.” Boxes 13.1-13.4 sum-
marize the major new recommendations of ATP III and
classifications of cholesterol levels.’

Use of individual lipid-altering agents

In this short evidence-based overview, we focus on docu-
mented activities of known lipid- and lipoprotein-altering
drugs on lipid and lipoprotein variables, and their related
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Box 13.1 New features of adult treatment panel Il

Focus on multiple risk factors

® Raises persons with diabetes without CHD, most of
whom display multiple risk factors, to the risk level of
CHD risk equivalent.

® Uses Framingham projections of 10 year absolute
CHD risk, (that is, the per cent probability of having a CHD
event in 100 years) to identify certain patients with mul-
tiple (2+) risk factors for more intensive treatment.

® Identifies persons with multiple metabolic risk factors
(metabolic syndrome) as candidates for intensified ther-
apeutic lifestyle changes.

Modifications of lipid and lipoprotein classification

® Identifies LDL-C <100 mg/dl as optimal

® Raises categorical low HDL-C from <35 to <40 mg/dI

® Lowers the triglyceride classification cutpoints to give
more attention to moderate elevations

Adapted from Third Report of the National Cholesterol Education

Program (NCEP) Expert Panel on detection, evaluation, and

treatment of high blood cholesterol in adults (Adult Treatment

Panel lll)°

Box 13.2 ATP lll classification of LDL, total and HDL
cholesterol
LDL cholesterol:

<100 Optimal

Near optimal/above optimal

Borderline high

High

=190 Very high
Total cholesterol:

<200 Desirable

Borderline high

=240 High
HDL cholesterol:

<40 Low

=60 High
Reproduced from Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on detection, evaluation,
and treatment of high blood cholesterol in adults (Adult Treatment
Panel Ill)°

adverse effects. We identify those issues that remain more
speculative as such. The interested reader is referred to the
excellent and more complete reviews by Lousberg et al,'°
as well as the recent ATP III guidelines.’

HMG-CoA reductase inhibitors (statins)

These agents have a powerful LDL-C lowering and those
currently approved for use differ only in their dose-response
curves and unit cost.

Mevastatin was first isolated in 1976 by Endo and
colleagues as a natural product from Penicillium species.
A related natural product, lovastatin, was approved by the
FDA for cholesterol lowering in 1987. Subsequently,

Box 13.3 Major risk factors (exclusive of LDL

cholesterol) that modify LDL goals*

® Cigarette smoking

® Hypertension (blood pressure >140/90 mmHg or on
antihypertensive medication)

® Low HDL cholesterol (<40mg/dl)*

® Family history of premature CHD (CHD in male first-
degree relative <b5 years; CHD in female first-degree
relative <65 years)

® Age (men >45 years; women >55 years)

*Diabetes is regarded as a coronary heart disease (CHD) risk equiv-

alent. LDL indicates low density lipoprotein; HDL high density

lipoprotein.

THDL cholesterol <60mg/dl counts as a “negative” risk factor; its

presence removes 1 risk factor from the total count.

Adapted from Third Report of the National Cholesterol Education

Program (NCEP) Expert Panel on detection, evaluation, and

treatment of high blood cholesterol in adults (Adult Treatment

Panel )¢

Box 134 Three categories of risk that modify LDL
cholesterol goals

Risk category LDL goal (mg/dl)
CHD and CHD risk equivalents <100
Multiple (2+) risk factors* <130
0—1 risk factor <160

*Risk factors that modify the low density lipoprotein (LDL) goal are
listed in Box 13.3. CHD indicates coronary heart disease.

Adapted from Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on detection, evaluation, and
treatment of high blood cholesterol in adults (Adult Treatment
Panel [ll)°

simvastatin, pravastatin, fluvastatin, atorvastatin, and
cerivastatin were developed and approved for use in the
US.!! Cerivastatin was withdrawn later because of adverse
effects.

Mechanism of action: lipid-altering effects

Brown and colleagues demonstrated that lovastatin inhi-
bits HMG-CoA reductase, the rate-limiting enzyme in cho-
lesterol biosynthesis.!? Total body cholesterol synthesis is
reduced by at least 20%. Ultimately a critical reduction in
cholesterol concentration occurs in the liver cell leading to
enhanced production of hepatic LDL receptors,'® and
increased cellular uptake of LDL-C. Further, reduced
very(V) LDL biosynthesis occurs. Although speculative, it
appears that the mechanism by which an increased removal
of VLDL from the plasma occurs best fits with the upregula-
tion of LDL receptors and an enhanced removal of VLDLs
from the plasma due to an alteration in VLDL structure
(specifically apo B-100).'
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Pleiotropic effects

In addition to reducing cholesterol biosynthesis, other poten-
tial antiatherogenic mechanisms of action for the statins are
under current, intense investigation. Their exact role and
importance remains speculative. Inhibition of 3-HMG-CoA
reductase may be pleiotropic.!> Pleiotropic effects of statins
on the vascular system and the arterial walls — affecting
endothelial function, inflammation, coagulation, plaque sta-
bilization, and smooth muscle cell migration — have been
identified.!>!” Several statins have been shown to decrease
smooth muscle cell migration and inhibit cholesterol accu-
mulation in macrophages.'> The small GTP-binding protein,
Rho, has membrane localization and activity affected by post-
translational isoprenylation. Its role in mediating the direct
vascular effects of statins is also under intense study.?°

The Pravastatin Inflammation/CRP Evaluation (PRINCE)
provides clinical evidence of anti-inflammatory properties of
a statin.?! In this prospective, randomized, cohort study,
pravastatin lowered levels of C-reactive protein (CRP), an
inflammatory biomarker that is predictive of cardiovascular
risk. Decreased CRP levels were seen as early as 12 weeks
in pravastatin-treated participants (P<<0-001). Pravastatin
lowered the median CRP level by 16-9% versus placebo
(P<0-001) at 24 weeks. The decreases occurred in both
the primary and secondary prevention groups and occurred
regardless of sex, age, smoking, body mass index, baseline
lipid levels, diabetes, and use of aspirin or hormone replace-
ment therapy.?!

Results of the recently completed Prospective Pravastatin
Pooling (PPP) Project — a meta-analysis of three large,
placebo-controlled, randomized trials including almost
20000 patients and 102559 person-years of follow up —
provide further clinical evidence that statins may be anti-
inflammatory and/or antithrombotic. In particular, statins
may be beneficial in reducing strokes.?? Pooled data from
two of the trials, CARE and LIPID, involving more than
13000 patients, showed a 22% reduction in total strokes
and a 25% reduction in non-fatal stroke.?> WOSCOPS, the
third trial pooled for analysis, had a similar, but smaller,
trend for reduction in total stroke. Pravastatin reduced the
risk of non-hemorrhagic stroke over a wide range of lipid
values in patients with documented CHD.?? These results
contrast importantly with those of a 1995 meta-analysis,
which found no effect of lipid lowering on stroke in earlier
non-statin clinical trials.?®

The Myocardial Ischemia Reduction with Aggressive
Cholesterol Lowering (MIRACL) trial provides clinical evi-
dence of an anti-ischemic effect with statins. Atorvastatin
reduced early recurrent ischemic events in patients with
acute coronary syndromes.?* The statin (80 mg/day) was
initiated 24 to 96 hours after an acute coronary syndrome to
over 3000 adults with unstable angina or non-Q-wave
myocardial infarction (MI). In the atorvastatin group, 14-8%

of patients had a primary end point (death, non-fatal acute
MI, cardiac arrest with resuscitation, or recurrent sympto-
matic myocardial ischemia requiring emergency rehospital-
ization) versus 17-4% in the placebo group (P= 0-048).23
The MIRACL investigators suggest that patients with acute
coronary syndromes begin statin therapy before hospital dis-
charge, regardless of baseline LDL-C levels.

Atorvastatin Versus Revascularization Treatment (AVERT)
compared the efficacy of aggressive cholesterol lowering
therapy versus percutaneous transluminal coronary angio-
plasty in low-risk, stable patients with CHD. Results favor
the use of aggressive lipid lowering over angioplasty in
patients with mild to moderate CHD. In addition to signifi-
cantly reducing LDL-C levels, atorvastatin was associated
with a 36% reduction in ischemic events and a significant
delay in time to first ischemic event.?

Dosage

The recommended dosages of these agents have been
described and are shown in Table 13.1.!! Statins are to be

Table 13.1 Dose response lipid and lipoprotein changes
(% change)

Total dose (mg/d) 5 10 20 40 80
Total cholesterol reductions
Lovastatin BID 19 24 29 34
Simvastatin 19 8 28 31 36
Pravastatin 16 24 25 27
Fluvastatin 17 19 25
Atorvastatin 29 &8 87 45
LDL cholesterol reductions
Lovastatin BID 28 34 40 492
Simvastatin 26 30 38 41 47
Pravastatin 22 &2 34 37
Fluvastatin 22 25 85
Atorvastatin 39 43 50 60
Triglycerides
Lovastatin BID 7 16 19 27
Simvastatin 12 15 19 18 24
Pravastatin 15 11 24 19
Fluvastatin 12 14 19
Atorvastatin 19 26 29 87
HDL cholesterol
Lovastatin BID 8 9 10
Simvastatin 10 12 8 9 8
Pravastatin 7 2 12 18
Fluvastatin 8 4 7
Atorvastatin 6 9 6 5

From Physicians’ Desk Reference’’

132



Use of lipid lowering agents in the prevention of cardiovascular disease

taken with the evening meal or if they are taken twice daily
with the morning and evening meals. Higher dosages of
both simvastatin and pravastatin have been approved by the
FDA and are now on the market.

Impact on lipid levels

All of these agents except atorvastatin will lower plasma
total cholesterol between 20 and 40% and LDL-C by 25 to
45% at maximum approved doses. Fluvastatin appears to
lower cholesterol by up to 20% and LDL-C by 25% at maxi-
mum doses. To achieve 35-45% LDL-C lowering, daily
doses of 40mg of simvastatin or 80mg of lovastatin are
required. Triglycerides are reduced between 10 and 30%.
HDL-C plasma levels are frequently increased by 5-10%,
but the increases may be more modest or absent in those
with inherently low levels. Lp(a) levels are not affected.'!
Statin therapy alters small dense LDL particles to a larger
more buoyant form and also normalizes the responsiveness
of coronary vessels to vasoactive stimulus.? E-selectin, a
cell adhesion molecule with increased expression in athero-
sclerotic states, is reduced with simvastatin or atorvastatin
as monotherapy or in combination with colestipol.?’

Atorvastatin is a more powerful member of the statin
class. Reductions in total cholesterol of 45-50%, LDL-C
of up to 60%, and triglycerides of 35-45% are seen at
80 mg/day doses. Reductions in apo B levels of 35-40%
have been observed.!! Changes in plasma levels of Lp(a) are
small, if they occur.?® Increases in HDL-C are inconsistent
but may reach 12%.2” Table 13.1 summarizes the effects of
approved statins.

Adverse reactions

Overall adverse reactions occur in less than 2% of individu-
als. From 1 to 3% of persons taking a statin will have dose-
related, elevated, hepatic enzyme levels.® Most of these
abnormalities are seen within the first 3 months of begin-
ning treatment and require monitoring.>® In patients who
abuse alcohol, there is an increased risk of hepatic toxicity.
An extremely low incidence of adverse events (not signifi-
cantly different from placebo) has been documented over
5.5 years in the Heart Protection Study (HPS),* to be dis-
cussed in more detail below.

Statins compete with other drugs for specific metabolic
pathways of the cytochrome P450 system,?! whose
enzymes act as a major catalyst for drug oxidation in the
liver.3* Lovastatin and simvastatin undergo extensive first-
pass metabolism by CYP3A4, and caution is urged in using
them with cyclosporin (a known inhibitor of CYP3A4), par-
ticularly when other inhibitors of the cytochrome P450 sys-
tem, such as azole-derived antifungal drugs, erythromycin
and clarithromycin, are in use, as well as nefazodone and
many HIV protease inhibitors. Atorvastatin is also at least

partially metabolized by CYP3A4 but inhibitors of this
enzyme only mildly increase serum concentrations.

Fluvastatin is metabolized mostly by CYP2CO and few
drug—drug interactions have been noted. Pravastatin has
less potential for drug interaction with other substrates,
inhibitors, or inducers of the CYP3A4 and CYP2C9 systems
than the other statins because it is metabolized by sulfation,
not the cytochrome system.>?

From 5 to 10% of individuals taking statins may develop
muscle enzyme elevations. However, one should consider
discontinuing statin therapy if CPK increases by more than
threefold. Rare (less than 0-1%) and reversible increases
of greater than 10-fold in CPK levels have been described.
The causes of CPK elevation remain unexplained. Statin
monotherapy or combination therapy can cause myopathy,
which, although rare, can progress to rhabdomyolysis.?
This effect can be seen with any statin; however, cerivas-
tatin was voluntarily withdrawn from the world market in
2001 because of an increased rate of rhabdomyolysis com-
pared with other statins. Rhabdomyolysis occurred more
often in patients taking full-dose cerivastatin (0-8 mg/day)
and with concomitant gemfibrozil, and it led to kidney
failure and death in 52 cases.3*

Clinical use

Although the biggest proportional reduction in LDL-C levels
occurs at low doses, the clinical response to statins is dose-
dependent, and it appears to be independent of patient char-
acteristics, such as age, gender, smoking status and initial
lipid and lipoprotein levels.>> ATP III calls for LDL-C lower-
ing drug therapy in persons with CHD and CHD risk equiv-
alents when the LDL-C is =130mg/dl.” In persons with
two or more risk factors for the development of CHD, ATP
[T suggests that lipid lowering drug therapy also begin at
LDL-C levels =130mg/dL.’

ATP 1II also recommends that LDL-C be measured, either
at admission or within 24 hours, in all patients hospitalized
with a major coronary event.? Lipid lowering drug therapy
should be initiated at hospital discharge in a person with
a coronary event or procedure if LDL-C is =130 mg/dl.’
Treatment initiation at hospital discharge takes advantage of
patients’ likely higher motivation to comply with therapy at
that time and may avoid the “treatment gap” that can occur
if outpatient follow up is less consistent. ATP III still recom-
mends lifestyle changes, including reduced cholesterol and
saturated fat diets, weight loss if overweight, and physical
activity in hyperlipidemic patients.’

Novel agents

The newest statin, rosuvastatin, has been submitted for
approval to both the FDA and regulatory authorities in Europe.
Called a superstatin because of its potency, rosuvastatin
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rapidly lowers total C and LDL-C while increasing levels of
HDL-C.3® A long half life (20 hours) and lack of metabolism
via the cytochrome P4503A4 isoenzyme have also been
demonstrated.?” In a phase II study, rosuvastatin across a
dose range of 1-80mg lowered LDL-C by 34-65%. Phase
III trials demonstrated greater reductions in LDL-C for rosu-
vastatin versus atorvastatin as well as greater increases in
HDL-C. A starting dose of 10mg will reduce LDL-C by
approximately 50%. The drug appears to be well tolerated at
doses up to 80 mg/day.

Nicotinic acid

In the early 1950s Attschult noted profound reductions in
plasma total cholesterol and triglyceride levels in association
with use of nicotinic acid. Nicotinic acid has the most
marked clinical effect on triglycerides and HDL,*® and is the
only lipid-altering agent to consistently lower Lp(a) plasma
levels.® It also can alter small, dense LDL particles to larger,
more buoyant forms.3?

Mechanism of action

Nicotinic acid’s predominant effect on plasma lipid levels
is to reduce production of very low-density lipoprotein
(VLDL) particles*® with subsequently reduced production
of intermediate density lipoprotein (IDL) and LDL particles.
Nicotinic acid’s major effect on VLDL metabolism results
from an inhibition of hormone-sensitive, lipase-induced
lipolysis in adipose tissue, and decreased triglyceride esteri-
fication in the liver. HDL-C increases, to a greater extent
with niacin than with other drugs, and appears to be related
to reduced apo A-I clearance and increased production of
apo A-Il. How Lp(a) levels are reduced is unknown, but
early nicotinic acid induced hepatotoxicity may play a role.

Dosage

Crystalline nicotinic acid is available in 0-1 and 0-5g tablets.
There is a sustained-release form in dosages of 0-125, 0-25 and
0-5g. The maximum daily dose is usually 3 g (Table 13.2).*!
A new extended-release form of niacin, available since
2000, has relatively mild hepatic effects and can be taken at
bedtime to lessen cutaneous flushing.*? Extended-release
niacin is essentially equivalent to immediate-release niacin
in increasing HDL-C.*3

Results

Regardless of the patient’s clinical lipoprotein abnormality,
dose-dependent reductions in total and LDL-C and plasma
triglycerides have been achieved with use of nicotinic acid.
HDL-C levels may increase 15-40%; the average increase is
25%, with increases commonly plateauing at a dosage

between 1-5 and 3-0g/d. Reductions in Lp(a) of 25-30%
are achieved.** As noted above, small-dense LDL particles
become larger and more buoyant during nicotinic acid ther-
apy.* In certain patients, optimal responses may be formu-
lation- and dosing regimen-dependent.*

Adverse reactions

Even at very low doses (0-05-0-10g), nicotinic acid often
causes cutaneous flushing (>80%) and pruritus (50%).
Other frequently noted adverse effects are gastrointestinal
symptoms (5-20%), liver enzyme elevations (3—-10%), and
uric acid increases (5—-10%). Liver enzyme elevations occur
more commonly with slow-release preparations and rapid
dose increases. The clinical picture of mild liver function
abnormalities usually resolves with continued therapy or
reduced doses.

Some 5 to 10% of patients who are taking nicotinic acid
will have abnormal glucose tolerance tests or fasting blood
sugar levels. A flu-like syndrome that can include hepatitis-
like findings on liver biopsy, a secretory defect with profound
decreases in LDL-C, decreases in HDL-C and a prothrombin
time abnormality may occur. This clinical picture is dose-
dependent and resolves when the agent is stopped.*” Blurred
vision with macular edema occurs very rarely. Prednisone is
contraindicated for use with nicotinic acid; co-administration
can result in patients manifesting clinical diabetes.

Clinical use

Many prescription and non-prescription forms of nicotinic
acid are available in the US. Although non-prescription
forms are usually less expensive, bioavailability may be a
problem. Niaspan, Nicolar and Rugby brands are highly
effective prescription nicotinic acids, and the latter is also
available as an overthe-counter formulation. The larger
crystalline-form tablets are scored, which allows easy tailor-
ing of the therapeutic regimen starting with a single low
dose of either 0-1 or 0-25g/d. Dosing with the crystalline
form requires three or four administrations a day. No prepa-
ration or dosing regimen has been shown to be superior to
multiples of 0-1 g crystalline tablets administered four times
a day. Many patients will have little or no effect from two
administrations a day, unless using sustained-release prepa-
rations. Increases in the dosage are implemented only every
few days.*® Clinicians commonly reduce the number of
administrations to three times per day and use 0-5 g tablets
starting with 0-25 g qd for the first week. Sustained-release
preparations should be used only in those patients with a
documented response to immediate-release forms.
Nicotinic acid should always be taken with food. Hot
drinks and alcoholic beverages should be avoided at time of
administration and dosages should be reduced or perhaps
restarted if several successive doses are missed. Cutaneous
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Table 13.2 Summary of effects of non-statin lipid-altering agents

Agent Lipid/ Dosage and Response Common Comments
lipoprotein dosing expected adverse
indication effects
Nicotinic 1 Triglyceride 1-3g/d | TGs 20-80% Cutaneous Start low dose
acid (TGs) | LDL-C 25-40% flushing, Advance slowly
1 LDL-C 6-8g/d 1 HDL-C 25% pruritis, Gl Relative contraindications:
| HDL-C maximum | Lp(a) 10-30% symptoms, 1 FBS, 1 Liver
1 Lp(a) dose “Flu-like” function test (LFTs)
3-4 admin/d syndrome
Bile acid 1 LDL-C 4-249g | LDL-C 25-35% Gl symptoms ~ Premix, slow admin
sequestrants cholestyramine at maximum dose Alters absorption of
5-30g 1 TGs 15-20% other drugs, for
colestipol 1 HDL-C 4-7% example, glycosides,
warfarin, etc.
| HDL-C 2 admin/d, 1 Contraindicated in
at major meal hypertriglyceridemia
Fibric acid 1 TGs Clofibrate 1g | LDL-C 10-20% Gl symptoms ~ Will 1 LDL-C in
derivatives bid | TGs 40-55% hypertriglyceridemic
| HDL-C 15-20% patients
Gemfibrozil Contraindicated in those
06 g/bid with gall stones
Fenofibrate Marked dose alteration
0-4gqd in those with chronic
renal failure
Selective } LDL-C Ezetimibe | LDL-C 16-19% No common
cholesterol 1T HDL-C 5mg/d 1 HDL-C 3-36% AEs shown to
absorption 10 mg/d date
inhibitor

flushing and pruritus will occur routinely if these precau-
tions are not followed. If symptoms occur, they are the most
severe during the first administration. Pretreatment with
aspirin or ibuprofen may lessen cutaneous reactions.

Although nicotinic acid may profoundly alter glucose
metabolism in some, many diabetic patients have had their
lipid disorders successfully managed with this agent. A
fasting blood sugar >115mg/dl predicts subjects who will
lose the acute insulin response with an intravenous glucose
tolerance test.*® A fasting blood sugar level <100mg/dl
should identify those patients who can take nicotinic acid
without development of clinical diabetes.

Bile acid sequestering agents (resins)
(Table 13.2)

This class of agents was first developed for the treatment of
cholestasis-related pruritus by Carey and Williams in 1960.
Hashim and Van Itallie subsequently demonstrated that
cholestyramine lowered plasma cholesterol and it has been

in clinical use for 30 years. Other agents in this class are
colestipol and the recently approved colesevelam.

Mechanism of action

The enterohepatic circulation of bile acids allows for only
6 or 7% of them to be excreted each day. These polymers
with a molecular weight of over 10° are not absorbed and
function by binding bile acids in the gastrointestinal lumen.
Since an increase in bile acid excretion from the body and
an increased production in the liver occur, relative depletion
of cholesterol from the liver cells occurs inducing an
increased level of hepatic LDL-receptor activity.*>>° The
net effect is an increase in the catabolism of LDL-C and
decreased plasma levels.

Dosage

Resins are dispensed in individual packets and are also avail-
able in a cost effective bulk formulation. Scoops, equivalent
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in size to the number of grams in one packet, are used to
dispense from the parent container. The newest resin, cole-
sevelam, has a hydrogel tablet formulation.

Results

Resins are associated with significant reductions in plasma
total and LDL-C and with small increases in plasma HDL-C
levels.”! Plasma triglycerides are inconsistently affected, but
substantial increases may occur, if used in those with already
elevated plasma triglyceride levels.”? In familial dysbeta-
lipoproteinemia (type III or remnant removal disease) plasma
triglyceride levels may increase by more than threefold.

Adverse reactions

No longterm adverse effects have been demonstrated.>!
Drugs that are highly charged, including the cardiac glyco-
sides, the anticoagulant warfarin, diuretic agents, as well as
thyroid hormone, will have their absorption affected®® if
taken in close proximity to resin administration. Concomitant
warfarin and resin therapy may be extremely challenging,

If a resin’s effect on the absorption of a specific medica-
tion is not known, the resin should be taken at least 4 hours
before or 2 hours after other medications. In clinical situa-
tions of existing gastrointestinal malabsorption, the absorp-
tion of fat-soluble vitamins may also be reduced.

Clinical use

The biggest proportional reduction in lipid levels occurs at
low doses and in those who have moderately elevated levels
of cholesterol.>* Careful selection of the vehicle and logistics
used in resin administration will promote long-term patient
adherence. Premixing with cold water (taking advantage of
the resin’s hygroscopic nature) and drinking the preparation
slowing is by far the most frequent and successful method of
administration. Still, some patients prefer mixing with a
heavily textured juice. Pre-existing gastrointestinal symp-
toms should be addressed before resin therapy is started.
Bloating, belching and increased flatus are related to rapid
ingestion. Dyspepsia and increased stool consistency or
frank constipation can be managed with increases in fluids
or dietary fiber intake.

The newest agent in the resin class is colesevelam, avail-
able for use in the US since 2000. It is a polymeric, high-
potency, water-absorbing hydrogel with a non-systemic
mechanism of action.>® Based on data from approximately
1400 subjects, colesevelam reduced LDL-C by a median
of 20%; the reduction is dose-dependent. When combined
with lovastatin, simvastatin, or atorvastatin, colesevelam will
reduce LDL-C levels by 8 to 16% over that seen with the
statin alone.> Colesevelam has also been shown to increase
HDL-C up to 9%; however, increases in triglycerides, as much

as 25%, have also been reported.>® Colesevelam does not
cause constipation, which is likely to improve patient adher-
ence,” and is formulated as a tablet, which should eliminate
the palatability problems that some patients have with
resin powders.®® In druginteraction studies, colesevelam
was coadministered with digoxin, warfarin, sustained-release
metoprolol and verapamil, quinidine and valproic acid, and
no clinically significant effects on absorption were reported.>’

Fibric acid derivatives (Table 13.2)

The fibrates currently marketed in the US are clofibrate,
gemfibrozil, and fenofibrate. Fibrates available in other coun-
tries include bezafibrate, fenofibrate, ciprofibrate, becla-
fibrate, etiofibrate and clinofibrate. In a WHO study clofibrate
was shown to reduce modestly (P<<0-05) all cardiovascular
events. However, increases in non-cardiovascular morbidity
and mortality and total mortality occurred.®® In the Helsinki
Heart Study, gemfibrozil was associated with a 35% reduc-
tion in MIs, particularly in those with elevated levels of
plasma LDL-C and triglycerides and low levels of plasma
HDL-C. Increases in non-cardiovascular deaths and no
reduction in total mortality was observed,> leading to con-
cerns about the use of fibrates. No fibrate trial has yet
shown a significant decrease in total mortality. These agents
are approved for use primarily in those with hypertri-
glyceridemia. Clofibrate can be toxic; in some early studies
there was a high mortality rate from malignancy and gas-
trointestinal disease in association with its use. Therefore,
its use should be restricted to patients with severe hyper-
triglyceridemia unresponsive to other fibrates, niacin, or a
combination of niacin and fibrate.

Gemfibrozil has been shown to lower the risk of
CHD and stroke in men with previous CHD, and low
HDL-C and low LDL-C levels. In the Veterans Affairs HDL
Intervention Trial (VA-HIT),%® 2531 men with CHD (mean
HDL-C 31-5mg/dl and mean LDL-C 111 mg/dl) were ran-
domized to receive gemfibrozil 1200 mg/day or placebo.
There was a 22% reduction in CHD over 5 years.®® A more
recent VA-HIT study describes the effect of therapy on
stroke. There were 134 confirmed strokes (90% ischemic),
76 and 58 in the placebo and gemfibrozil groups, respec-
tively (P=0-03). Risk reduction was evident after 6 to
12 months of gemfibrozil use. Adjusted for baseline vari-
ables, the relative risk reduction with gemfibrozil was
31%.51 Attributing the reduction in CHD to a change in
HDL-C levels has been questioned by some. Clearly the
reduction in CHD may more properly be associated with
changes in other lipoprotein particles®® than with modest
changes in HDL-C levels. Although the number of strokes in
the study are modest,°! this is the first suggestion that stroke
can be reduced with a form of lipid-altering therapy that has
little effect on LDL-C.
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Mechanism of action

Decreased synthesis of VLDL with more efficient lipolysis
and increased VLDL triglyceride catabolism has long
been speculated as the mechanism of action of fibrates on
lipid metabolism. Schoonjans et a/ in 1996 offered direct
evidence that fibrates and fatty acids work as ligands for a
class of compounds called peroxisome proliferator-activated
receptors, of the nuclear receptor superfamily.% Peroxisome
proliferator-activated receptor alpha partially mediates the
inductive effects of fibrates on HDL-C levels by regulating
the transcription of HDL apolipoproteins, apo A-1 and apo
A-II. Four specific actions are noted:

1. increased hydrolysis of plasma triglycerides due to
induction of LPL and reduction of apo-CIII expression

2. stimulation of cellular fatty acid uptake and conversion to
acyl-CoA derivatives due to increased expression of genes
for fatty acid transport protein and acyl-CoA synthetase

3. increased peroxisomal and mitochondrial beta-oxidation

4. decreased synthesis of fatty acids and triglycerides with
a concomitantly decreased production of VLDLs.

Gemlfibrozil was associated with a greater reduction in clini-
cal events than the amount of cholesterol lowering or
increase in HDL would predict.®* This suggests that its
effects on CHD are mediated by a different mechanism, pos-
sibly related to its effects on triglycerides or other lipopro-
tein particles and HDL. Fibrates also shift the size of LDL
particles from smaller, denser forms to larger, more buoyant
forms, which could be less atherogenic.

Dosage

Table 13.2 lists dosing information for the three fibrates
marketed in the US. Bezafibrate, 0-2 g, is given tid. (0-4 g,
sustained-release qd), fenofibrate, 0-3-0-4g, is given qd,
and ciprofibrate, 0-1-0-2 g, is given qd.

Results

In patients with familial combined hyperlipidemia, LDL-C
levels may be reduced by fibrates, but, particularly in those
with elevated baseline levels of plasma triglycerides there
will almost uniformly be an increase in LDL-C levels as
VLDL-C levels decrease.®® Gemfibrozil and clofibrate had
similar impact on lipids and lipoproteins in a double-blind
crossover study.%® In patients with moderate to severe forms
of hypertriglyceridemia, reductions in plasma triglycerides of
40-60% may occur with concomitant increases of 12-30%
in HDL-C levels, but 100% increases in LDL-C may occur.%”

Adverse reactions

Fibrates are associated with adverse effects in 5-10% of
patients. GI side effects (5%) are the most common, but only

rarely are these sufficient to warrant discontinuation of the
medication. The increased incidence of hepatobiliary disease
(particularly gallstones) occurs with all agents in this class.®®
Minor alterations in several plasma biochemical values may
occur, but these are dose-dependent and usually transient.
The effective non-toxic dose-range is narrow, and at high
doses fibrates cause myositis. They may potentiate the effects
of oral anticoagulants and oral hypoglycemics and might also
interact with statins to raise the risk of rhabdomyolysis.

Clinical use

The primary indication for the use of these agents has
shifted to treatment of severe hypertriglyceridemia and
more specifically for familial dysbetalipoproteinemia, or
remnant removal disease. They are preferred by those who
are less experienced in the use of nicotinic acid in clinical
circumstances with increases in both plasma LDL-C and
reductions in HDL-C levels. Because of the long-term
adverse effects on hepatobiliary function and the potential
for increases in LDL-C levels, liver function tests and LDL-C
levels must be monitored closely. Chronic renal failure
requires a 50% reduction in gemfibrozil dose.%”

Novel agents

Cholesterol lowering agents with different mechanisms of
action are in development. Ezetimibe is a novel cholesterol
absorption inhibitor that selectively and potently inhibits intes-
tinal absorption of dietary and biliary cholesterol.”® In phase II
clinical trials, ezetimibe at 10mg/day reduced LDL-C by
=15% in 68% of patients and by =25% in 22% over 12 weeks.
HDL-C increased by 3-5% and the drug was well tolerated.”®
Ezetimibe may have additive effects if given in combination
with a statin. When given in a fixed combination tablet with
simvastatin, LDL-C was reduced by 52%.”! Policosanol is a
phytochemical that is a mixture of higher primary aliphatic
alcohols isolated from sugar cane wax.”? At dosages of 10 to
20 mg/day, it decreased total-C by 17 to 21% and LDL-C by
21 to 29%, while raising HDL-C by 8 to 15%.7? Policosanol
appears to have an acceptable safety/tolerability profile.

Combination therapy

Combination drug therapy should be used when diet and
single drug therapy do not reduce LDL-C levels to the
desired levels. Verification of adherence to and the efficacy
of a prescribed regimen should be made on at least two
occasions at monthly intervals before adding to the regimen.
Table 13.3 describes a stepped approach to combination
therapy depending on the lipid or lipoprotein variable(s)
that are the therapeutic objective. Recall that reduction in
LDL-C is the only alteration in lipid(s) or lipoprotein(s) that
has been unequivocally demonstrated to reduce risks for CHD

137



Evidence-based Cardiology

Table 13.3 Stepped approach to lipid medication alter-
ing therapies

Elevated Elevated TG/LDL Elevated Markedly
LDL-C decreased HDL-C Lp(a) elevated
TGs
1. Statin Niacin Niacin Fibrate/
niacin
9. Statin+ Niacin+resin
resin
3. ] Statin+ 1 Niacin+resin
resin
4. 1 Statin+ 1 Niacin+statin or
resin+
niacin or Statin+fibrate
ezetimibe

in clinical trials. Epidemiologic data demonstrate an increased
risk associated with reduced levels of HDL-C,%* increased
plasma Lp(a) (usually in association with increased LDL-C lev-
els), and, to a lesser extent, increased plasma triglyceride lev-
els (usually in association with other risk factors). Intervention
studies demonstrating reduction in CHD risk with changes in
other lipid and lipoprotein particles have yet to be done.

Guidelines for selecting combination therapy

Practitioners should review four questions before adding
other agents to initial diet and lipid-altering drug therapy
regimens.”3

1. Has adherence to and efficacy of the initial regimen
been verified?

2. Does the patient have fasting hypertriglyceridemia?
(Bile acid sequestering agents should be used as second
or third agent only.)

3. What contraindications are present mitigating addition
of other lipid-altering agents? (Other diseases or clinical
conditions, or other lipid-altering agents.)

4. What are the total costs of additional drug therapy to
the patient?

Efficacy of various combinations

Selected examples of maximum lipid and lipoprotein alter-
ations are given in Table 13.4. Prior to the development of
atorvastatin the maximum lowering of LDL-C was demon-
strated with a combination of lovastatin (40 mg/day), coles-
tipol (30g/day) and nicotinic acid (5-5g/day) at 70%.
Triglyceride reductions of 80% can be effected with nicotinic
acid alone with little to be gained in efficacy by adding another
agent. Lp(a) levels are affected substantially only by nicotinic

Table 13.4 Efficacy of selected combination of hyperlipidemic drug therapy
in modifying plasma concentrations of total, LDL and HDL cholesterol levels

Drug combination % change Reference
Total LDL HDL
Cholestyramine
+niacin —26 =32 23 Angelin et al, 1986
+lovastatin =B —61 +21 Leren et al, 1988
+pravastatin —36 —43 +18 Jacob et al, 1993
Colestipol
+niacin —41 —48 +25 Packard et al, 1980
+lovastatin —45 —54 -2 lllingworth et al, 1981
+niacin =515 —66 +32 Malloy et al, 1987
+simvastatin —41 —-50 +9 Simons et al, 1992
+fenofibrate -39 — 54 115 Heller et al, 1981
Lovastatin
+gemfibrozil —34 —40 =7 llingworth et al, 1989
Simvastatin
+gemfibrozil —54 —58 +18 Feussner et al, 1992
Atorvastatin Hunninghake et al, 2001
+colesevelam =3 —48 +11
Ezetimibe
+fenofibrate =27 —36 —19 Bays et al, 2001
+atorvastatin —38 =55 =141 Bays et al, 2001
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acid. HDL-C can be consistently raised by 25% with nicotinic
acid alone with little further gain by adding other agents.

Adverse effects

The important adverse effects of the single agents are
described in Table 13.2. As noted previously, the most seri-
ous interaction is seen when a statin drug is used in combi-
nation with cyclosporin and myopathy develops. While
cessation of the statin allows symptomatic myopathy and
elevated muscle enzymes to resolve, continued therapy at
the same dose may lead to frank rhabdomyolysis necessitat-
ing hemodialysis. Statins have also been associated with
myopathic syndromes in patients using erythromycin, niacin
and gemfibrozil. Reduced levels of any statin should be used
in transplant patients in association with niacin and gemfi-
brozil with careful monitoring of muscle enzyme levels.
Erythromycin use should be absolutely contraindicated
in transplant patients already on cyclosporin and a statin.
If erythromycin is used the statin must be temporarily
discontinued.

Clinical use

Although single-drug therapy offers a simple regimen, com-
bination therapy with low-dose statin and low-dose bile acid
sequestrant has been investigated.”#”®> Since the largest
portion of lipid alteration is effected at low doses of both of
these classes of agents and they work by very different
mechanisms, an additive or synergistic response may occur.
Low-dose combinations provide a good clinical alternative
for patients who have symptoms at higher statin dosages
and for organ transplant patients. They also appear to be
more cost effective than using a statin as a single agent.

The newest resin, colesevelam, has been studied in com-
bination with statins. Low-dose colesevelam and low-dose
lovastatin were given in a double-blind, placebo-controlled
study to 135 hypercholesterolemic patients.”® The combina-
tion lowered LDL-C by 34% and 32% (the agents were either
taken at the same time or colesevelam was taken at dinner,
lovastatin at bedtime). Both combinations were superior to
either agent alone, and both decreased total-C by 21%.
Neither combination treatment significantly changed HDL-C
or triglycerides. All treatments were well tolerated.”® The
resin was also studied alone or in combination with low-dose
atorvastatin in hypercholesterolemic men and women.
Combination therapy reduced LDL-C by 48%, statistically
different from either low-dose atorvastatin or colesevelam
alone, but did not affect triglycerides.”” All treatment groups
had similar frequency of adverse effects and the combination
was well tolerated.”” Colesevelam was also given in
combination with simvastatin to 251 hypercholesterolemic
patients in a randomized, double-blind, placebo-controlled
format. All groups, including the placebo-treated patients,

had decreased LDL-C levels versus baseline. Among all com-
bination treatment groups (given different dosages of cole-
sevelam and simvastatin), the mean decrease in LDL-C was
42%; this exceeded the decrease with either simvastatin or
colesevelam alone.”® Combination therapy was not signifi-
cantly different from simvastatin monotherapy in effects on
HDL-C and triglycerides. Side effects were similar among all
treatment groups.”®

Informed decisions about “gray zones”

Data have now accumulated on the use of lipid lowering
drugs in previously less-well-studied subgroups such as the
elderly, women, and diabetic patients. How and when
should we use lipid lowering drugs in the following groups?

The elderly

If one lives until age 80 in the US, the average additional life
expectancy is 8 years. Older individuals appear to be at least
as responsive to cholesterol lowering agents as those in
younger age groups. While some have suggested that risk
attenuates for those who have hypercholesterolemia at
older age, the absolute risk for developing CHD outcomes in
the elderly over a short time interval is much higher than it
is in younger individuals.

ATP III notes that most new CHD events and most coro-
nary deaths occur in persons older than 65 and that a high
LDL-C/low HDL-C level still has predictive power for devel-
opment of CHD in an older person.’

WOSCOPS,® (primary intervention, or PI) included
patients up to the age of 64 years, 4% (secondary interven-
tion, or SI) up to the age of 70 years, Post-CABG® (SI) up to
74 years and CARE” (SI) previously provided limited data for
those up to 75 years. All except Post-CABG showed benefit
on CHD and CVD mortality. WOSCOPS and 4S showed ben-
efit on total mortality, although statistical significance of the
data from WOSCOPS was marginal. All of these studies
included limited analyses by age group. When data from
WOSCOPS were pooled in the PPP, pravastatin significantly
reduced relative risk of coronary events in older patients.”®

More recently, the Heart Protection Study (HPS) enrolled
over 20000 participants — including 5082 women, 3982
type 2 diabetic patients and 1263 elderly patients between
the ages of 75 and 80 years. It also enrolled 3421 subjects
with low baseline LDL-C levels, and follow up lasted for
5-5 years.* Recently reported results show that a dose of
40mg simvastatin once daily yielded striking results in
terms of reduced events: 12% reduction in total mortality,
17% reduction in vascular mortality, 22% reduction in CHD
events, 27% reduction in all strokes, and 16% reduction in
non-coronary revascularizations.* Statin therapy appeared to
be beneficial at all cholesterol levels — even in participants
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whose baseline levels were well below the currently recom-
mended target levels of 100 mg/dl.*8°

Other ongoing trials that will provide needed information
on lipid therapy in the elderly are the Antihypertensive and
Lipid Lowering Treatment to Prevent Heart Disease Trial
(ALLHAT) and the Women’s Health Initiative (WHI).8!
Complete ALLHAT results, involving 10000 participants
without an upper age limit, are expected in 2002.8! WHI
will evaluate the effects of diet and lowering of fats in
48 000 female participants, aged 79 or younger, with com-
pletion expected in 2007.8!

According to ATP III, “hard-and-fast” age restrictions do not
appear to apply to the use of lipid lowering drugs in elderly
persons with established CHD.? For primary prevention, ATP
[T recommends therapeutic lifestyle changes, including low-
fat diet, exercise, and weight loss if overweight, and LDL
lowering drugs if older persons are at increased risk because of
multiple risk factors or advanced subclinical atherosclerosis.’

Women

Women were not included in early cholesterol lowering
trials because of concerns about confounding hormonal
effects on lipids, specifically in premenopausal women. Yet
the relationship between increases in plasma cholesterol
and CHD exists for women at all ages.

Based on recent secondary and primary prevention trials
that did not convincingly show that hormone replacement
therapy reduced CHD risk in postmenopausal women and
did show benefits with statins, ATP III recommends a cho-
lesterol lowering drug over hormone replacement for CHD
risk reduction in women.” The later onset of CHD in
women should be factored into clinical decision making
regarding cholesterol lowering drugs.’

Of the “older” major clinical trials, CARE (Cholesterol and
Recurrent Events) enrolled a fairly high percentage of
women, 14%. It reported a 46% reduction in major coronary
events among women participants versus a 20% commensu-
rate risk reduction in men.* In the PPP, which included
analysis of pooled data from CARE, pravastatin significantly
reduced relative risk of coronary events in women.??

The first CHD primary prevention trial of statins to
include women was the Air Force/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TexCAPS).8?
Among 997 postmenopausal women who received either
placebo or lovastatin (20 to 40mg/day), statin therapy
showed consistent numerical decreases in first acute coro-
nary major events and in all prespecified secondary end
points (for example coronary revascularization, MI). The
study was insufficiently powered, however, to detect signifi-
cant differences between treatment groups.®?

In HPS, 34% of participants enrolled were women, and
benefits were consistent regardless of sex.* Male and female
participants experienced similar reductions in risk.

Diabetic patients

Although aggressive control of blood glucose levels in type 2
diabetic patients reduces microvascular clinical outcomes, its
effect on macrovascular disease outcomes remains unknown.
Other traditional CHD risk factors are believed to increase
dramatically the risk for clinical CHD events in these patients.
Inherent in the diabetic disease process is an abnormality of
lipoprotein lipase activity that is partially but not completely
corrected by optimal glucose control. Any additional lipid and
lipoprotein disorder(s) present in diabetic patients because of
either inherited or secondary causes (obesity, alcohol con-
sumption, etc.), accelerate atherosclerotic progression and
increase the risk of clinical CHD events. Treatment of lipid
disorders in diabetic patients with commensurate lowering of
blood cholesterol levels suggests a similar treatment benefit in
diabetic as in non-diabetic patients.>%?

The use of niacin in diabetic patients has traditionally not
been recommended because of concerns about adverse effects
on glycemic control. In the Arterial Disease Multiple Inter-
vention Trial (ADMIT), however, niacin was given to diabetic
patients in a prospective, randomized, placebo-controlled
study enrolling 468 subjects, 125 of them with diabetes and
diagnosed peripheral arterial disease.?® Niacin was given at
3000mg/day or to maximally tolerated dose, for up to 60
weeks. Niacin significantly increased HDL-C and decreased
triglycerides and LDL-C in all participants (P<<0-O1: niacin v
placebo for all). It modestly raised glucose levels in all partici-
pants while HbA;. was unchanged from baseline through
follow up.83 ADMIT investigators conclude that lipid-modify-
ing doses of niacin can be safely used in patients with diabetes
and that niacin may be considered an alternative therapy in
such patients who do not tolerate statins or in whom statins
do not correct hypertriglyceridemia or low HDL-C levels.®3

In CARE, 586 normocholesterolemic diabetic patients
with CHD (14% of total sample) were given pravastatin or
placebo for 5 years. In the diabetic patients given pravastatin,
there were 8% and 25% reductions respectively in absolute
and relative risks of coronary events.®® Pravastatin also
reduced the risk for revascularization procedures among dia-
betic patients by 32%. In subjects who were not diabetic but
who had impaired glucose tolerance, pravastatin also sub-
stantially lowered the risk of recurrent coronary events.?
According to the pooled data in PPP, pravastatin significantly
reduced relative risk of coronary events in diabetic patients.”®

The HPS trial included 3980 persons with diabetes and
2930 of these had no CVD. As noted above, the event
reductions seen with simvastatin occurred in diabetic
patients as well. There was a 24% decrease in CVD and a
25% decrease in total CHD.*

Peripheral vascular disease

In the Rancho Bernardo studies, patients with peripheral
vascular disease had a several-fold increased risk of dying of
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CHD. Greater than 80% of these individuals have CHD
although some will manifest few symptoms. It is reasonable,
but unsubstantiated, to treat these individuals as if they
have CHD.

Small dense LDL-C particles (phenotype B)

The entire population may be generally divided into two
categories on the basis of predominant LDL species present
in plasma. People with a predominance of smaller, more
dense LDL particles exhibit an increased propensity for
oxidative susceptibility of these species.®> These individ-
uals have a higher risk for CHD, which may be associated
to interrelated changes in plasma lipids, specifically an
increase in triglycerides and reduced plasma levels of HDL.
Alternatively, this pattern may be related to the insulin
resistance syndrome, or syndrome X, which consists of
impaired glucose tolerance, increased insulin levels, hyper-
tension and abnormalities of coagulation factors. No trial of
clinical outcomes and intervention of LDL subspecies has
been done.

Key points

Lipid and lipoprotein alteration for prevention of coronary

heart disease

1. Plasma LDL cholesterol lowering is effective in both
men and women. Grade Ala

2. Plasma LDL cholesterol lowering is cost effective above
the age of 35 years. Grade Ala

3. Plasma LDL cholesterol lowering is effective for ages at
least to age 80 years. Grade Ala

4. Plasma LDL cholesterol lowering extends the patency
survival of coronary artery saphenous vein grafts.
Grade Ala

5. The variables (NIDDM, hypertension, increased plasma
triglycerides, low plasma HDL-C, small-dense LDL and
increased PAI-1 levels) that are components of the
so-called ‘insulin resistance syndrome” appear to
be a marker for individuals with small-dense LDLs.
Grade B2

6. Alteration of plasma lipids (triglycerides) beyond total
plasma cholesterol and LDL-C has not been demon-
strated to affect CHD-cause specific morbidity or mor-
tality. Grade Ala

7. Therapeutic increases in HDL-C may be associated
with reductions in CHD. Associated changes in VLDL-
triglyceride-rich particles appear to have an important
role in CHD prevention. Grade A1a

8. Since it is effective even in high risk individuals with
low initial LDL levels, consider initiation of appropriate
therapy without initial determination of plasma lipid
and lipoprotein levels. Grade A1a Best medical practice
supports monitoring LDL-C levels during treatment.
Grade C5

Costs and cost effectiveness of lipid
alterations for CHD prevention

True benefits for individuals and the public health have only
been demonstrated for alteration of plasma LDL-C. One
method for comparing the costs of cholesterol lowering is
shown in Table 13.5 where the cost of the various statins is
given in terms of the number of dollars per per cent of LDL-C
lowering per year.

Table 13.5 Comparative cost, dose and LDL-C lowering
of statins

Agent Dose LDL-C | AWP Cost/1%/

(mg) (%) ($/day)® LDLR ($/yr)
Lovastatin 102 —21 1:49 11:45

20 —24 2:63 23:09
Simvastatin =~ 102 —-30 2:52 2766

80 —47 4-40 7527
Pravastatin 202 =82 2:78 32:47

80 —37 434 5861
Fluvastatin 202 —22 147 11-80

40 —24 147 12:87
Atorvastatin =~ 102 —39 2:30 32:87

80 —60 364 7971

& Common starting dose, qd.

®From Physicians’ Desk Reference
“From Red Book Update. Montvale, NJ: Medical Economics
Company; 2002

Cost/1%/LDLR was derived as cost/year/1% LDL
reduction.

11

Until the release of results from the 4S study, reductions
in CHD morbidity from plasma cholesterol-related CHD had
been modest and reductions in CHD and total mortality had
not been demonstrated. Since elevated plasma cholesterol is
a major risk factor for CHD and is prevalent in Western
countries, evaluation of the cost effectiveness of plasma
cholesterol lowering is important because of the size of the
potential population for intervention and the associated
healthcare costs of what can be lifelong medical therapy.
In a sensitivity analysis,®® data from 4S demonstrate cost
effectiveness of intervention for both men and women from
35-70 years and at plasma cholesterol levels above 213 mg/dl.
The estimates of treatment costs for benefits observed in the
4S study, indicate that treatment is cost effective, among both
men and women and at all plasma cholesterol levels between
213 and 309 mg/dl and with evidence of vascular disease.

A WOSCOPS economic analysis, comparing pravastatin
with dietary changes alone, showed the economic efficiency
of therapeutic intervention with a statin.?” Caro et al used
a generalized model of cardiovascular disease prevention
and followed hypercholesterolemic men over a given time
period to quantify the effect on cardiovascular diseases
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avoided. Over a broad range of inputs and regardless of
country, cost effectiveness ratios are below $35 000 per life-
years gained. Pravastatin is cost-efficient in preventing
CHD.%” Based on US medical price levels and the clinical
trial evidence up to 1998, Hay et al concluded that statin
therapy is cost effective (that is, cost less than $50 000/year
of life saved) in any patient with an annual CHD risk >1%,
including those with previous CHD or diabetes.?®

In a recent cost-effectiveness analysis of the VA-HIT trial,
the cost per year of life gained with gemfibrozil was estimated.
Using the prices for gemfibrozil negotiated by the VA, gemfi-
brozil was cost-saving.®” Using prices for gemfibrozil paid out-
side the VA system, the cost of a quality-adjusted life-year
saved by gemfibrozil ranged from $6300 to $17 000. The VA-
HIT investigators concluded that gemfibrozil reduced cardio-
vascular events in men with CHD and low levels of HDL-C
and LDL-C at annual drug cost-savings of $100 or less in 1998
dollars. Even at higher drug prices, the cost of a life-year saved
is well below the threshold considered cost effective.®’

Malik et al° provide a graphic demonstration of how cost
effective statin therapy is versus other widely used therapies
for CHD, such as ACE inhibitors, 8 blockers, and non-CV
interventions, such as driver’s side air bags (Figure 13.1).
The cost effectiveness threshold here is £25 000/year of life
saved (US $35000/year of life saved).

o Hemodialysis
Ramipril high risk

&
Ramipril HOPE population | €
Ramipril low risk ‘
ACEI post-MI (AIRE) | ¢
ACEI post-MI (SAVE) | €@
{3 blockers post-MI| | <@
>

Statins (4S)
Statins (WOSCOPS) —
Mild HT treatment e —
Angiography ’7‘—
Post-MI
Driver’s side air bag L3
1 1 1 1 ya
10 20 3 40 50 1000
Cost effectiveness (£/life year saved)

Figure 13.1 Comparison® of cost effectiveness of different
strategies in prevention

*Estimates from previous studies are in 1994-1995 UK pounds.
Adapted from: Malik IS, et al Heart, 2001;85:539-43

Future directions

The benefits of statins beyond the coronary vascular bed
are now being intensively investigated. In addition to their
lipid lowering properties, statins demonstrate pleiotropic
effects on many aspects of atherosclerosis, such as plaque
thrombogenicity, cellular migration, endothelial function,
and thrombotic tendency.'® Whether or not these effects
can be related to a decrease in progression of atherosclerosis
or to reductions in acute coronary syndromes remains to be
seen. Another area for more study is the benefit of moderate

versus aggressive LDL lowering. For example what are the
risks and benefits of lowering LDL-C to 75 mg/dl compared
to about 100 mg/dl? The exact role of manipulation of other
lipoprotein particles also remains to be demonstrated.

Summary

The HMG-CoA reductase inhibitors are an important
advance in the treatment of CHD and there is compelling
evidence that LDL-C lowering with these agents can
decrease the risk of CHD events and total mortality in both
primary and secondary prevention. In addition to their
effects on LDL-C, statins have pleiotropic effects, which may
affect the development and the occurrence of clinical events
of atherosclerosis. Lipid lowering therapy benefits the eld-
erly, women, and diabetic patients, even if these individuals
have normal LDL-C levels. Effective single- and combina-
tion-agent regimens for intervention for other plasma lipid
and lipoprotein variables are also available.

Key points

Cardinal issues for using lipid altering agents

1. Is the diagnosis of hyperlipidemia certain?

2. Are there currently medications in the patient's regi-
men that cause dyslipidemia or offer the potential
for drug interactions with hypolipidemic therapy?

3. ALWAYS start the therapeutic regimen with diet and
other lifestyle modifications. Grade A

4. The statins act as a class of agents, but possess dif-
ferent dose response curves. Some may have sub-
stantial levels of adverse effects. Grade A

5. The currently approved statins have powerful lipid-
altering effects and a very low order of adverse
effects. Grade A

6. Nicotinic acid is a powerful agent which can be
effective in many people including some diabetic
patients when used carefully. Grade A

7. Nicotinic acid is the most effective of any agent on
HDL-C levels and the only one with a possible effect
on Lp(a). Grade A

8. Resin therapy can be effective for lowering LDL-C
plasma levels with careful attention to details of dos-
ing and administration, particularly when added to
low-dose statin or low-dose niacin. Grade A

9. Fasting hypertriglyceridemia is a relative contraindica-
tion to primary or combination resin therapy. Grade A

10. Fibrates are effective agents for lowering triglyc-
eride particularly when extremely high and moder-
ately raising HDL-C levels, but changes in LDL-C
levels need to be monitored. Grade A

11.  Are there contraindications to the specific hypolipi-
demic drug combinations?

12, Consider the direct and indirect costs before initiat-
ing primary lipid-altering therapy and with the addition
of each agent to the combined regimen.
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Definition

A new classification of elevated blood pressure (BP) that
places greater emphasis on systolic BP was introduced in the
1993 Fifth Report of the Joint National Committee on
Detection, Evaluation and Treatment of High Blood
Pressure (JNC V)" and slightly modified in the 1997 JNC
VI.2 Hypertension is defined as systolic blood pressure (SBP)
140 mmHg or greater and/or diastolic blood pressure (DBP)
90mmHg or greater (Table 14.1). The new classification

Table 14.1 Classification of blood pressure for adults
aged 18 years and older?

Category Systolic Diastolic
(mmHg) (mmHg)
Optimal® <120 and <80
Normal <130 and <85
High normal 130-139 or 85-89
Hypertension
Stage 1°¢ 140-159 or 90-99
Stage 2° 160-179 or 100-109
Stage 3° =180 or =110

#Not taking antihypertensive drugs and not acutely ill.
When systolic and diastolic blood pressures fall into different
categories, the higher category should be selected to
classify the individual's blood pressure status. For example,
160/92 mmHg should be classified as stage 2 hypertension
and 174/120 mmHg should be classified as stage 3 hyper-
tension. Isolated systolic hypertension is defined as SBP
=140mmHg and DBP <90 mmHg and staged appropri-
ately (for example 170/82mmHg is defined as stage 2 iso-
lated systolic hypertension). In addition to classifying stages
of hypertension on the basis of average blood pressure lev-
els, clinicians should specify presence or absence of target
organ disease and additional risk factors. This specificity is
important for risk classification and treatment.

®Optimal blood pressure with respect to cardiovascular risk
is <120/80 mmHg. However, unusually low readings should
be evaluated for clinical significance.

¢Based on the average of two or more readings taken at
each of two or more visits after an initial screening.

Adapted from JNC VI?

Blood pressure and cardiovascular

addresses the issue of severity or increased risk by defining
three stages of hypertension, ranging from stage 1 (SBP
140-159mmHg and/or DBP 90-99 mmHg) to stage 3
(SBP =180 mmHg and/or DBP =110 mmHg).

In middle-aged populations, the most common type of
elevated BP is combined systolic-diastolic hypertension. A
second type, isolated systolic hypertension, generally occurs
in older persons, probably as a result of age-related stiffening
of the arteries. A recent Clinical Advisory Statement® rec-
ommends that SBP should be the principal measure for the
detection, evaluation, and treatment of hypertension in both
middle-aged and older individuals.

Hypertension is also classified as complicated or uncom-
plicated according to the presence or absence of target
organ manifestations. These manifestations, which can be
cardiac, cerebrovascular, peripheral vasculat, renal, or reti-
nal, represent complications of hypertension, and they also
increase the risk of other hypertension-related complications
(Box 14.1).

Thus, hypertension is classified by its type (combined
systolic-diastolic or isolated systolic hypertension), its

Box 14.1 Components for cardiovascular risk stratifica-
tion in patients with hypertension
Major risk factors
Smoking
Dyslipidemia
Diabetes mellitus
Age older than 60 years
Gender (men and postmenopausal women)
Family history of cardiovascular disease: women under
age 65 or men under age 55
Target organ damage/clinical cardiovascular disease
e Heart diseases

. Left ventricular hypertrophy

. Angina/prior myocardial infarction

«  Prior coronary revascularization

. Heart failure

Stroke or transient ischemic attack

Nephropathy

Peripheral arterial disease

Retinopathy
Adapted from JNC VI?
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severity (stage 1-3), and by coexisting target organ manifes-
tations (if present, complicated, or uncomplicated). These
classifications are clinically important, since they have risk
as well as treatment implications.

Prevalence

In cohort analysis,* mean SBP increases gradually with age,
regardless of initial BP (Figure 14.1). Mean DBP also
increases until the age of 55-60 years, when it levels off.*
Later in life there is a reduction in mean DBP, especially in
those with high initial levels (Figure 14.1). The age-related
changes in BP explain the increase in overall prevalence
of hypertension with age and the increase in the prevalence
of isolated systolic hypertension with advanced age. The
prevalence of target organ manifestations also increases
with age, as a result of the increasing prevalence and the
longer duration of hypertension.

The prevalence of hypertension is greater for African-
Americans than for non-Hispanic Whites and Mexican-
Americans,” and for less educated than more educated
people.

Natural history

Hypertension is one of the major risk factors for cerebrovas-
cular disease (stroke), coronary heart disease (acute myocar-
dial infarction [MI]), congestive heart failure (both systolic
and diastolic dysfunction), and renal dysfunction. The risk is
directly associated with the BP level and with the presence
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of target organ manifestations and other cardiovascular
risk factors. Ferrucci et al® calculated the cardiovascular
risk score for each participant of the Systolic Hypertension
in the Elderly Program (SHEP) using the Multiple Risk
Factor Assessment Equation.” The simple risk score is based
on age, sex, total and HDL-cholesterol, SBP, smoking, and
diabetes. In the placebo group, the 5 year rates of MI,
stroke, and heart failure were progressively higher with
higher quartiles of risk score in those who were free of
cardiovascular disease at baseline. The relative event protec-
tion conferred by chlorthalidone-based treatment was
similar across quartiles of risk. Thus, the absolute risk reduc-
tion increased by quartile of risk. This was reflected in
a 2- to 10-fold lower “number needed to treat” (NNT) to
prevent hypertensive complications in the highest-risk quar-
tile (Figure 14.2). The authors concluded that hypertensive
patients with additional cardiovascular risk factors should
be the prime candidates for antihypertensive treatment.

Disease burden

Hypertension is one of the most common medical conditions
in the developed world. It has been estimated that as many
as 43 million adult non-institutionalized Americans have
hypertensive BP levels or are taking antihypertensive med-
ications. Another seven million persons may be controlling
their hypertension using non-pharmacologic methods.’

Over the last two decades, the National High Blood
Pressure Education Program has markedly raised the popu-
lation’s awareness concerning the high prevalence and com-
plications of hypertension.! The number of patients taking
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Figure 14.1 Arterial pressure components by age: group averaged data by sex. Averaged blood pressure levels from all available
data for each subject with 5 year age intervals (30-34 through 80-84) by SBP groupings 1 v 4. (Adapted from Franklin et al%)
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Figure 14.2 Rates of new cardiovascular events, relative risks (RR), and 95% confidence intervals and estimates of NNTs by quar-
tile of global risk score for SHEP participants free of cardiovascular disease (CVD). The fifth group of bars in each panel shows data

for subjects with prevalent (prev.) CVD at baseline. (Adapted from Ferrucci et alf)
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antihypertensive medications and having their elevated BP
controlled has increased dramatically. The rates of aware-
ness, treatment, and control for hypertension for the new
definition of =140/90 mmHg in a US population sample in
1991-1994 were 68%, 54%, and 27%, respectively.?

The cost of antihypertensive drugs in the USA alone in
2001 has been estimated as high as $12-3 billion.? Since as
many as half of all hypertensives (defined as =140/90)
remain untreated, the annual drug costs could easily double,
unless we can change lifestyles more successfully or can be
more efficient in allocating resources. During the late 1980s
and early 1990s, the shift away from the less expensive,
often generic diuretics and B blockers (with proven efficacy)
to the newer, generally more expensive, ACE inhibitors,
calcium antagonists, « blockers and angiotensin II blockers
(with unproven efficacy) has been costly to society.”

Prevention of hypertension

Despite the established benefits of antihypertensive treat-
ment, concerns are often raised about the prospect of use of
antihypertensive drugs over decades by 20% or more of the
adult population. All drugs have adverse effects and the cost
of medical care for hypertension is considerable. Also, the
12 year follow up of approximately 350000 middle-aged
men screened for the Multiple Risk Factor Intervention Trial
shows that 32% of the CHD deaths related to elevated BP
occurred below the level at which drug treatment would be
considered.!? Therefore, the prevention of hypertension is a
desirable goal.

The multifactorial etiology of hypertension is reflected
by the large number of non-pharmaceutical approaches that
have been tested.!!"!3 Two types of populations have been
examined. In individuals with above optimal but non-
hypertensive BP levels, lifestyle interventions have been
tested to determine their effect on BP. The outcome has
been either BP reduction in short-term trials or prevention
of BP elevation with age and reduction in the incidence of
hypertension in long-term trials. Trials have also been con-
ducted in hypertensive patients with the objective of deter-
mining the BP-lowering effects of various non-pharmacologic
interventions. One rationale has been that the findings are
likely to be generalizable to non-hypertensive individuals.
Another rationale has been to determine the efficacy of
lifestyle modifications as definitive first-line or adjuvant ther-
apy for hypertension. All treatment guidelines recommend
lifestyle modifications as the first therapeutic approach in
newly diagnosed less severe hypertensive patients, with
pharmacologic treatment to follow only in those who fail to
respond adequately.

Cross-sectional or longitudinal observational studies have
found the following factors to be associated with BP and
prevalence or incidence of hypertension: adiposity, physical
inactivity, alcohol consumption, high intake of sodium, low

intake of potassium, magnesium, calcium, and certain types
of dietary fiber, intake of certain macronutrients, and chronic
stress.

Most of the 100+ published randomized clinical trials
evaluating hypertension prevention and treatment were
small and short term, had follow up periods of weeks or
months, and focused on a single intervention. The interven-
tions required varying amounts of involvement by the
patients. Lifestyle modifications such as weight loss, exer-
cise, or reduced alcohol or sodium intake require substantial
counseling and commitment on the part of patients. Short-
term changes may be accomplished, but whether these are
sustained is often unknown. Other interventions have been
based on supplementation (potassium, magnesium, calcium,
fish oil, or fiber) by taking pills, capsules, or various forms
of wheat bran, although some dietary trials have been
conducted.

Trial results on the efficacy of interventions for prevention
of hypertension are summarized in Table 14.2. Based on lit-
erature reviews, including meta-analysis, evidence of efficacy
is conclusive for weight loss, exercise, diets high in fruits and
vegetables, and reduction in alcohol and sodium intake, and
potassium supplementation. Grade A A weight reduction
of 101b (4-5kg) can be expected to lower the BP by approxi-
mately 4/3mmHg. Since exercise, as part of efforts to
achieve caloric balance, influences weight, distinguishing an
exercise effect on BP from the effect of weight loss can be dif-
ficult, but there is good evidence of BP reduction from fitness
training.'* Low intensity/high frequency activity appears as
effective as or more effective than high intensity exercise.
A sodium reduction of 80-100mmol/day induces an
average BP reduction of 5/3mmHg in hypertensives and
2/1 mmHg in non-hypertensives.'? Similar BP effects were
observed in trials that accomplished alcohol reductions of
about 85% (a mean consumption of three drinks/day
reduced to three drinks/week).!?

The BP effects of lifestyle modifications are modest, but
they appear to be additive under some circumstances.!® A
short-term study recently reported substantial BP reductions
in adults given a diet rich in fruits, vegetables, and low fat
dairy foods, and reduced saturated and total fat.!” A further
reduction of SBP was observed when the sodium intake was
reduced to below 100 mmol per day.'® However, counsel-
ing, if required on an indefinite basis through a traditional
clinical setting, may not be more cost effective than drugs.
Therefore, interventions (such as reducing salt intake by
modifying processed foods) that can potentially be accom-
plished on a population basis are attractive. The efficacy of
supplementation with magnesium, fiber, fish oil, or calcium
has been judged to be limited or unproven at this time.!!
The trial findings are discordant and the effect sizes small.
Potassium supplementation (50—100mmol KCI or equiva-
lent increase from food) moderately reduces BP, especially
in those who have a high sodium intake.'
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Table 14.2 Trial results on efficacy of interventions for primary prevention of hypertension

Intervention References Duration Change in targeted Change in BP, mmHg
(months) factors (systolic/diastolic)

Sodium reduction 16 6 —50mmol/day —2:9/—16

16 18 —43 mmol/day —2:0/—12

16 36 —40 mmol/day —1-2/=07

12 0:5-36 —76 mmol/day —19/-1-1
Weight loss 16 6 —4-5kg =37/=27

16 18 —2:7kg =148/=148

16 36 —19kg -1-3/-09
Exercise 14 1-16 To 65% maximum =01/ 1148}

exercise capacity

Alcohol reduction 115 1/48) —2:6 drinks/day —38/—14
Potassium increase 13 0-3-36 +46 mmol/day =1&/=10
Dietary pattern 17,18 2 Increased fruit, vegetables, —3b/-21

low fat dairy, protein,
lower saturated fat,
dietary cholesterol

Long-term trials in individuals with high-normal BP
have documented that the incidence of hypertension can be
reduced by as much as 50%. Grade A The most impressive
results are from a 5 year trial of a multifactorial intervention.'®
The cumulative incidence of hypertension was 19-2% in the
control group and 8-8% in the intervention group. The main
factors contributing to this BP reduction were weight loss and
sodium reduction.'® Overweight adults with high-normal BP
appear to be prime candidates for this intervention.

Lifestyle modification is an integral part of management
of hypertension. The BP-lowering effects are on average
modest. Some patients do not respond or are unable to
modify their lifestyles, while others respond well. As a con-
sequence, many patients do not have to be placed on anti-
hypertensive drugs and, if they are, lower drug doses or
fewer drugs may be required. The challenge is to sustain the
lifestyle modifications.

Drug treatment

Placebo-controlled trials

Despite efforts at lifestyle modifications, many patients
require pharmacologic treatment. In the USA, almost
23 million civilian non-institutionalized adults are currently
taking antihypertensive medications.”> This high level of
drug use to treat an asymptomatic condition has been justi-
fied by the high population burden of major morbidity and
mortality causally related to untreated hypertension, and by
strong evidence of treatment efficacy and safety from large,
long-term clinical trials. In SHEP?® which enrolled older
adults with isolated systolic hypertension, the 5 year event

rates for the combined end points of CHD and stroke per
100 patients were 13-6 in the placebo group and 9-4 in the
active group. The risk difference of 4-2% means that about
24 older adults need to be treated for 5 years in order to
prevent one coronary or cerebrovascular event. It must be
recognized that calculating the number needed to treat in
this manner from randomized clinical trials produces an
underestimate for several reasons, chiefly the selection or
self-selection of lower-risk patients into trials and the dilu-
tion of effects due to drop-in to active treatment by patients
in the control group. For middle-aged populations, who are
at lower risk, the number needed to treat would be much
higher. Because many people must receive therapy so that a
few will benefit, even uncommon adverse effects may mini-
mize or eliminate the BP-lowering benefits of antihyperten-
sive therapy. Only with large, long-term trials such as SHEP
can we be assured that the health benefits actually outweigh
the health risks of particular therapies.

In a recent meta-analysis,”! the evidence from large,
long-term, controlled clinical trials of antihypertensive
therapy was reviewed. Grade A The 18 randomized trials
included 48220 patients followed for an average of about
5 years. Clinical trials were classified according to the primary
treatment strategy. While most studies used more than one
drug, the agents were generally used in a stepwise fashion,
and it was usually easy to identify the first-line therapy.

Compared with controls,  blocker therapy was effective
in preventing stroke and congestive heart failure (Table 14.3).
Similarly, high-dose diuretic therapy, which typically started
with the equivalent of 50 mg/day of hydrochlorothiazide
and often went to 100mg/day, was associated with a
reduced risk of stroke and heart failure. Despite lowering BP
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Table 14.3 Meta-analysis of randomized, placebo-controlled clinical trials in hypertension according to first-line

treatment strategy

Outcome drug regimen Dose Trials Events, active RR (95% CI) RR (95% CI)
(n) treatment/
control 0-4 0-7 1-0
Treatment |Treatment
better worse

Stroke

Diuretics High 9 88/232 049 (0-39-062) — = —| —

Diuretics Low 4 191/347 0:66 (0:-55-0:78) ——

B blockers 4 147/335 071 (0-69-0-86) —

HDFP High 1 102/158 064 (0-50-0-82) —a—
Coronary heart disease

Diuretics High 11 211/331 099 (0:83-1:18) —

Diuretics Low 4 215/363 072 (0:61-0:85) —a—

B blockers 4 243/459 093 (0-:80-1-09) —a——

HDFP High 1 171/189 090 (0:73-1:10) —
Congestive heart failure

Diuretics High 9 6/35 0:17 (0-07-041)

Diuretics Low 3 81/134 0:58 (0-44-0-76) =

B blockers 2 41/175 0:58 (0-40-0-84) =
Total mortality

Diuretics High 11 2924/382 0-88 (0-75—-1-03) —a—

Diuretics Low 4 514/713 090 (0-81-0-99) —a—

B blockers 4 383/700 095 (0-84—1-07) —a—

HDFP High 1 3497419 0-83 (0:72-095) —
Cardiovascular mortality

Diuretics High 11 124/230 0-78 (0:62-0:97) =

Diuretics Low 4 237/390 076 (0:65—0:89) —

B blockers 4 214/410 089 (0:76—1-:05) =

HDFP High 1 195/240 081 (0-67-0-97) ———

Trials indicate number of trials with at least 1 end point of interest. Abbreviations: RR, relative risk; Cl, confidence interval; HDFPF,
Hypertension Detection and Follow-up Program Study (5484 subjects in stepped care and 5455 in referred care). For these
comparisons, the numbers of participants randomized to active therapy and placebo were 7768 and 12075 for high-dose diuretic
therapy; 4305 and 5116 for low-dose diuretic therapy; and 6736 and 12 147 for B blocker therapy. Because the Medical Research
Council trial included two active arms, the placebo group is included twice in these totals, once for a diuretic comparison and again
for a B blocker comparison. The total number of participants randomized to active therapy and control therapy were 24 294 and

23926, respectively.

Adapted from Psaty et al"

by an average of about 5-6 mmHg, neither 8 blocker ther-
apy nor high-dose diuretic therapy demonstrated significant
reduction of coronary disease events (Table 14.3).
Compared with controls, low-dose diuretic therapy pre-
vented not only stroke and heart failure but also CHD and
cardiovascular and total mortality (Table 14.3). In contrast
to high-dose diuretic therapy, the adverse metabolic effects
of low-dose diuretic therapy are minimal. The safety and
proven effectiveness make low-dose diuretic therapy the
logical first-line pharmacologic treatment for hypertension.
[ blockers, which clearly prevent stroke and heart failure
in hypertensive patients, are an alternative. The current US

guidelines® appropriately identify low-dose diuretics and
B blockers as preferred first-line agents in the treatment of
hypertension.

It is not clear why low-dose diuretic therapy prevents
CHD, but neither high-dose diuretic therapy nor 8 blocker
therapy is associated with a reduced risk of coronary disease.
The low-dose trials (see reference 21 for references) were
conducted mainly in older adults while the high-dose
trials were conducted largely in middle-aged adults.
Evidence from observational studies suggests that, com-
pared with low-dose diuretic therapy, high-dose diuretic
therapy is associated with an increased risk of sudden
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death.?? For high-dose diuretics, the most likely explanation
for this increased risk of sudden death is the dose of the
diuretics rather than the age of patients. Abrupt withdrawal
of B blocker therapy is associated with an increased risk of
MI in patients with high BP.23 It is possible that withdrawal
reactions from non-compliance with 8 blockers may have
minimized the drugs’ ability to prevent CHD in hyperten-
sive patients, who generally represent a low-risk population
group.

The findings for B blocker and high-dose diuretic therapy
provide direct evidence that BP lowering alone is not ade-
quate to predict the effect of an antihypertensive medication
on important health outcomes. “In light of all previous
cardiovascular ftrials...” Topol and colleagues remark,
“surrogate end points cannot be considered authentic
measures of true clinical efficacy and safety.”?* Evidence
from individual comparative trials and meta-analyses of
comparative trials strongly indicates that it matters how ele-
vated BP is lowered (see below). Although average BP
reductions are similar across different classes of drugs,
important differences exist between these classes in terms of
their effects on major morbid events, especially heart failure
and acute MIL?> Yet drug regulatory agencies currently
approve antihypertensive medications primarily on the basis
of their ability to lower BP.

Results from several long-term, placebo-controlled trials
of the newer classes of antihypertensive agents have been
published since 1997 (Table 14.4). A placebo-controlled
trial of nitrendipine, which is not available in the USA,
in isolated systolic hypertension (Syst-Eur) found a statisti-
cally significant reduction in stroke risk and showed trends
for reductions in risks of acute MI and congestive heart
failure.? Two placebo-controlled trials in patients with
type 2 diabetes and nephropathy, the Irbesartan Diabetic

Nephropathy Trial (IDNT)?” and the Reduction of Endpoints
in NIDDM with the Angiotensin II Antagonist Losartan
(RENAAL) Study,?® investigated two different angiotensin 11
receptor blockers. The primary end point in both trials was
a composite renal outcome defined as a doubling of serum
creatinine, development of end stage renal disease, or death
from any cause. The primary results were very similar: the
composite renal outcome was lowered by 20% in IDNT by
irbesartan and by 16% in RENAAL by losartan (P=0-02 in
both trials). IDNT also evaluated the effect of amlodipine,
a calcium-channel blocker, that did no better than placebo
for the renal outcome (RR 1-04). In neither trial did the
active treatments significantly reduce the risk of a composite
cardiovascular outcome in comparison to the placebo
controls.

The Perindopril Protection against Recurrent Stroke
Study (PROGRESS) recently reported that ACE inhibitor-
based treatment reduced the risk of stroke by 28% and the
risk of total major vascular events by 26%.%° Those receiving
the combination of perindopril and the diuretic indapamide
(56% of the population) benefitted the most. In this
subgroup, the mean reduction in BP was 12/5mmHg and
the reduction in stroke risk was 43%. Those assigned to
perindopril alone experienced a small reduction in blood
pressure, 5/3mmHg, with no significant reduction in
stroke risk.

In conclusion, placebo-controlled trials conducted through
the early 1990s documented conclusively that low-dose
diuretics and B blockers used as first-line drugs markedly
reduce the devastating cardiovascular complications experi-
enced by hypertensive patients. Grade A This achievement
had two important consequences. First, it established low-
dose diuretics as the proper control group for comparative
trials. Second, it limited the opportunity for conducting

Table 14.4 Clinical effects of newer antihypertensive agents from recent placebo-controlled trials

Trial Study population First-line treatment Outcome RR (95% CI)
Syst-Eur®® ISH nitrendipine Stroke 0:58 (0:40-0-83)
AMI 0-70 (0-44—-1-09)
Heart failure 071 (0:47-1:10)
IDNT?7 Diabetic nephropathy irbesartan Composite renal 0-80 (0:66-0-97)
Composite CV 091 (0:72-1-14)
amlodipine Composite renal 1:04 (0-86—1:25)
Composite CV 0-88 (0:69-1-12)
RENAAL?® Diabetic nephropathy losartan Composite renal 0:84 (0:72-0-98)
Composite CV 0:90 (NA)
PROGRESS?® Stroke, TIA perindopril alone Stroke 095 (0:77-1-19)

perindopril + indapamide

Major vascular
Stroke
Major vascular

096 (0-80-1-15)
0-67 (0-46-0:70)
060 (061-0-71)

Abbreviations: CV, cardiovascular; TIA, transient ischemic attack
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long-term, placebo-controlled trials, since withholding
active treatment generally became ethically unacceptable.
Only in specific subgroups of hypertensive patients — for
example, those with major comorbidity such as nephropathy
and cerebrovascular disease — were placebo-controlled
designs considered acceptable. The focus of clinical research
in hypertension has shifted from answering the question,
“Is blood pressure lowering beneficial?” to asking, “Does it
matter how elevated blood pressure is lowered?” The latter
question requires comparative or active-controlled trials.

Active-controlled trials

ALLHAT, initiated in 1994, is one of the first major active-
controlled or comparative outcome trial to examine
whether the type of drug used to lower high BP matters.
While the study hypotheses are formally two-sided, the
primary interest is a test of superiority, with the overall
objective being to determine whether each of three drugs
from newer drug classes (ACE inhibitors, calcium-channel
blockers, and « blockers), when used as first-line therapy,
are superior to low-dose diuretics in reducing the risk of
cardiovascular events. The « blocker (doxazosin) arm was
terminated early in 20003 for two reasons — a 25% excess
of major cardiovascular events, primarily congestive heart

failure, and a very small likelihood of observing that it is
superior to low-dose diuretics in reducing major coronary
events (Table 14.5). The fact that excess cardiovascular
events with doxazosin occurred despite BP reduction that
was similar to the diuretic group points to the importance of
drug selection in the treatment of hypertension.

A meta-analysis of nine randomized comparative clinical
trials of intermediate- and long-acting calcium-channel
blockers (CCB) was recently published.3* The comparators
were mostly low-dose diuretics, B blockers, and ACE
inhibitors. The mean BP reduction was almost identical in
the CCB and non-CCB groups. In the database that included
nearly 120000 person-years of treatment, use of CCBs was
associated with approximately 25% excess rates of both con-
gestive heart failure and acute MI (P<<0-005) (Table 14.5).
No differences were observed between the groups for stroke
or all-cause mortality. When the database from a second
meta-analysis®® was used to examine the same question —
CCBs versus non-CCBs — the results were similar and statis-
tically significant.34

In a similar type of meta-analysis, the benefit of ACE
inhibitors was compared to that of non-ACE inhibitors,
primarily CCBs in patients with diabetes.>® The pooled
analysis, supported subsequently by another trial,® strongly
suggested that ACE inhibitors have advantages over

Table 14.5 Clinical effects of newer antihypertensive agents from recent active-controlled trials

Study Study population Treatment Outcome RR (95% CI)
Study Control
ALLHAT3! Elderly, high-risk doxazosin chlorthalidone CHD 1-03 (090-1-17)
Mortality 1-03 (0-90-1:15)
Stroke 1:19 (1:01-1-40)
Combined CVD 1:25 (1:17-1-33)
CHF 2:04 (1:79-2:32)
Angina 1-16 (1:05—-1:27)
Coronary revasc 1-15 (1-:00-1-32)
Pahor et a2 CCBs non-CCBs CHF 1:25 (1-07—1:46)
AMI 126 (1:11-1:43)
Stroke 090 (0:80-1:02)
Mortality 1:03 (0:94-1:13)
Pahor et a/3%2 Diabetics Non-ACEls, ACEls AMI 1-45 (1-12-1-89)
Mostly CCBs Stroke 1-08 (0-80-1-43)
CV event 1-20 (1-00—1-45)
Mortality 1:08 (0-86-1-3b)
AASKS” Non-diabetic amlodipine ramipril Composite renal 1-61 (1:15-2:27)
nephropathy
IDNT?” Diabetic nephropathy amlodipine irbesartan Composite renal 1-32 (1:09-1:568)

Composite CV

0:97 (0-76-1-23)

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; AMI, acute myocardial infarction; CCBs, calcium-channel blockers;
CHD, coronary heart disease; CHF, congestive heart failure; CV, cardiovascular; CVD, cardiovascular disease

@Updated to include reference 36.
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non-ACE inhibitors in reducing the risk of acute myocardial
infarction and major cardiovascular events, in spite of simi-
lar BP reduction (Table 14.5).

The fourth source of evidence concerning the relevance
of how elevated BP is lowered comes from two very recent
trials with similar design in patients with nephropathy
(Table 14.5). The achieved BP levels were similar for the
two therapies — amlodipine versus a drug blocking the
renin- angiotensin system. In the AASK trial,*’ among
patients with non-diabetic nephropathy, the amlodipine
group was terminated early owing to a more rapid decline in
renal function and a 60% higher risk of a composite renal
outcome — renal disease progression, end stage renal dis-
ease, or death compared to the ramipril group. Amlodipine
was also inferior to irbesartan in patients with diabetic
nephropathy in IDNT.? The risk of the composite renal out-
come was 32% higher in the amlodipine group compared to
the irbesartan group. There was no group difference for a
composite cardiovascular outcome.

In conclusion, these reports document that in certain cir-
cumstances it matters how elevated BP is lowered. It appears
that two types or classes of drugs, o blockers and CCBs, are
as effective as other antihypertensive agents in reducing SBP
and DBP in the reviewed trials, but less effective in reducing
the risk of heart failure (both classes) and MI (CCBs). In eld-
erly high-risk hypertensive patients, doxazosin was less effec-
tive than chlorthalidone in reducing risk of congestive heart
failure and stroke. Grade A There was no difference in risk
of major coronary events. It is likely that these observations
from ALLHAT apply to all « blockers. Two thirds of the heart
failure cases were either hospitalized or fatal. Several sources
of data®?=37 show that CCBs are inferior to other agents in
reducing the hypertensive complications of congestive heart
failure and acute MI. These findings may be especially
relevant in patients with type 2 diabetes.3>¢ Since diuretics,
B blockers and ACE inhibitors are effective in the treatment
and prevention of heart failure and most CCBs are con-
traindicated in patients with this condition, these observa-
tions should not be surprising. Similarly, 8 blockers and
ACE inhibitors are beneficial in the prevention of CHD while
the CCBs are not. Additionally, recent trials have reported
that amlodipine is inferior to drugs blocking the renin—
angiotensin system.?”>>” In these small trials, there was no
difference in cardiovascular events.

Genetics, hypertension, and some potential
drug-gene interactions

The phenotype of high BP represents a complex trait influ-
enced by both genes and environment.3®*° While behav-
ioral factors such as obesity and physical inactivity are
clearly important in the etiology, family studies and twin
studies suggest that about 30% of the variation in levels of
BP can be attributed to genetic factors.3? Several monogenic

forms of high BP have been identified, and they include,
for instance, glucocorticoid-remediable aldosteronism and
Liddle’s syndrome.33% These monogenic forms of hyperten-
sion, though sometimes associated with profound elevations
of BP, are rare and do not contribute measurably to the
burden of hypertensive disease in humans.

Essential hypertension, generally mild to moderate eleva-
tions of BP in the population, has been associated with sev-
eral genetic polymorphisms. Halushka and colleagues have
identified 874 single nucleotide polymorphisms in 75 candi-
date genes for BP homeostasis.*! Not surprisingly, the litera-
ture on genetics and hypertension is vast. This section will
illustrate the findings for several leading candidate genes,
including variations in the genes coding for angiotensino-
gen,* the B-2 adrenergic receptor,*® and « adducin,* with
special attention to potential drug—gene interactions that may
in the future affect treatment choices. The genetic studies of
hypertension are immensely important for understanding the
biologic and molecular etiologies of high BP and, potentially,
for the design of new drugs. The public health importance of
variations in candidate genes for hypertension remains to be
determined. While this work has enhanced our knowledge of
molecular biology, the polymorphisms associated with essen-
tial hypertension, though some are common, tend to have
small effects. As Corvol has aptly observed, “Most molecular
variants lead to a low attributable risk in the population or a
low individual effect at the individual level.”*®

Angiotensinogen gene (AGT)

Polymorphisms in the AGT gene, especially the Met235Thr,
have been associated with hypertension.*>*’  The
Met235Thr variant, which is associated with elevated
plasma levels of AGT, is in linkage disequilibrium with the
A-6G promoter polymorphism, and the -6G variant is associ-
ated with increased gene transcription*®*® and aldosterone
production.*” In response to sodium restriction, patients with
the Thr235 variant and the -6A promoter variant have larger
reductions in level of BP than persons with the corresponding
wild type allele.>>°! Patients with the 7hr235 variant also
have more pronounced responses to ACE inhibitors than
those with the Met235 allele.*? In one study,*® the AGT poly-
morphism predicted the BP response to treatment with ACE
inhibitors. The largest fall in BP was associated with the 7235
allele of AGT, which is also associated with higher levels of
AGT* Since subjects with the 7hr235 and -6A variant alleles
appear to be more salt sensitive, and since diuretics are more
effective in salt-sensitive hypertension, diuretics may be espe-
cially effective in subjects with these variant alleles.”*!

B-2 adrenergic receptor (32AR)

Adrenergic receptors are members of a large family of
receptors linked to guanine-nucleotide-binding proteins
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(G proteins). Recent studies in molecular biology have con-
tributed to our understanding of the structure, function and
regulation of adrenergic receptors,®? including their interac-
tion with G-proteins in the heart.>*% In a series of studies,
Liggett and colleagues identified several polymorphisms in
the B-2 receptors and their functional and clinical conse-
quences.”’ Four of the nine point mutations resulted in
changes in the B2AR amino acid sequence, and several
appear to affect agonist-promoted downregulation of
the B2AR.

The B-2 adrenergic receptors are important in BP
regulation. Genetic variation in these receptors may account
in part for variation in the risk of hypertension or variation
in the response to drug treatment.”® In normotensive
African-Americans compared to White Americans, dilation
of forearm resistance vessels in response to the infusion of
a B-2 adrenergic agonist is decreased.>® These findings sug-
gest that alterations in the response to 3-2 adrenergic stimu-
lation may be important in the development of hypertension
in African-Americans. A polymorphism in the B-2 adrener-
gic receptor gene detected by a restriction fragment length
polymorphism (RFLP) is associated with hypertension,
both in Whites and Blacks.® In African-Americans, this
B-2-related RFLP is associated with a salt-sensitive form of
hypertension.®! In African-Caribbeans, the Argl6Gly poly-
morphism of the 3-2 adrenergic receptor is associated with
hypertension®® (OR = 2-74; 95% CI 1-72-4-36).

In one recent study, Dishy and colleagues describe the
association between several B2AR variants and responses to
isoproterenol with particular attention to the desensitization
that normally occurs with prolonged exposure.*® For the
Argl6Gly polymorphism, subjects homozygous for the
Gly16 variant were more resistant to the agonist-mediated
desensitization than subjects homozygous for the Arg/6 as
measured by sustained venodilatation. For the GIn27Glu
polymorphism, subjects homozygous for the Glu2/7 variant
had higher maximal venodilatation in response to isopro-
terenol than those who were homozygous for Gin27.43

Taken together, these findings suggest that genetic
variation in the B-2 adrenergic receptor may be important
in hypertension, and that the risk may vary in subgroups
according to ethnicity or salt sensitivity. High-salt diets
produce hypertension in part by downregulating the B-2
receptors.®? Thus, genetic variation in these B-2 receptors
may influence not only the development of hypertension
but also the response to diuretics as well as B blockers.

« adducin

« adducin is the first example of molecular genetic research
in the rat to provide key insights to human hypertension.*
A series of elegant experimental comparisons between the
Milan Hypertensive Strain (MHS) and the Milan Non-
hypertensive Strain identified « adducin as a candidate

gene.®®%* Adducin, a heterodimer of alpha and beta sub-
units, modifies the cell cytoskeleton and thereby modulates
the cell-surface exposure of the transmembrane proteins.5>:0
This interaction between cytoskeletal proteins and trans-
membrane proteins helps to regulate ion transport. In the
MHS, the number of Na®/K* pump units and their activity
are increased, and Na-K ATPase activity is upregulated.®

In humans, a Gly460Trp polymorphism of « adducin was
recognized and investigated.” The variant 7rp460 allele is
associated with the prevalence of hypertension in Italians
and French (OR=1-6, 95% CI 1-3-1-9).** The variant
Trp460 allele also modifies the response to 2 months of
treatment with thiazide diuretics and to acute salt-sensitivity
testing.** Subjects with one copy of the 7rp460 variant
allele had a larger BP response to thiazide treatment than
those with the wild type (decrease of mean arterial pressure
of 14-7 for Trp460 versus 6-8 mmHg for the wild type).
Similarly, subjects with the 7rp460 variant also had a more
pronounced response to the acute salt-sensitivity testing
(change in MAP of 159 v 7.4mmHg). These findings are
consistent with role of « adducin in controlling renal
transepithelial ion transport in humans.®® The association
with hypertension has been confirmed in some® but not all
clinic-based studies.”®72 In the only population-based study,
the OR for the association of adducin with hypertension was
1-67 (P=0-02).”3 The response of subjects with the variant
Trp460 allele to diuretic therapy is pronounced even in pop-
ulations where the variant allele is not associated with the
risk of hypertension.”*

The a adducin polymorphism is strongly associated with
the salt-sensitive form of hypertension, and individuals with
one or two copies of the variant allele display an increased
rate of renal tubular sodium reabsorption after sodium deple-
tion or loading.” In one large clinical trial of antihyperten-
sive therapy,’® it was observed that there was a reduction in
cardiovascular events, particularly stroke, in the treatment
group — a reduction that could not be completely accounted
for by the attained BP reduction. Among participants with
the adducin variant in a recent case—control study, diuretics
were compared with other antihypertensive drugs. It was
found that in those participants the use of diuretics was asso-
ciated with a 50% reduction in the risk for MI or stroke.””
Treatment with thiazides in people with salt-sensitive hyper-
tension may decrease the incidence of cardiovascular events
through other mechanisms than the direct lowering of BP.

Pharmacogenetics

Over centuries and across communities, large numbers of
polymorphisms have appeared in what are now called drug
receptors, drug effector pathways, and drug-metabolizing
enzymes. Indeed, some variant alleles have become
common in the absence of any exposure to most modern
medications. For instance, the allele frequencies in various
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populations are 11-57% for a adducin, 42-72% for the
B2AR variants at positions 16 and 27, and 36-52% for
angiotensinogen. Interest in pharmacogenetics is often
inspired by the point of view of drug development.
Identifying the genes responsible for variation in or regula-
tion of BP may provide opportunities to design new drugs.”®
While some studies suggest the possibility of drug—gene
interactions on the outcome of level of BP, no studies have
examined the potential for drug—gene interactions on the
occurrence of cardiovascular events. Another perspective is
the point of view of drug safety.”” Thousands of prescription
medications are already on the market. In 1994, 2-2 million
hospitalized persons experienced serious adverse drug reac-
tions, and 106 000 had fatal adverse drug reactions.®® Work
in pharmacogenetics can perhaps also improve the safety
profile of medications already commonly used in the USA.

The studies in molecular biology and genetics are occur-
ring at a breathtaking pace. The identification of polymor-
phisms at once answers questions about genetic variation
and, at the same time, raises questions about their clinical
applications in medical practice — important questions that
need to be answered before these genetic studies can begin
to benefit the health of the public. Many of these genetic
variants are exceedingly common. If screening for genetic
variants such as the 7rp460 allele of a adducin identifies
patients for whom diuretics are particularly effective in pre-
venting cardiovascular events, then genetic screening for
selected polymorphisms might become as useful as renal
function tests in the initial work up of patients with high BP.
Much work needs to be done before genetic screening is
indicated.

Cost effectiveness

It has been estimated that medications account for 50-90%
of the direct cost of hypertensive treatment.?! The 1996
wholesale prices for starting doses of antihypertensive drugs

may vary by at least 40-fold. Thus, the choice of drug(s) has
a major effect on direct treatment costs.

The direct costs of routine outpatient physician visits and
laboratory tests are also substantial. If one assumes three
annual office visits (at $70 each) and two serum chemistry
panels (at $29), these non-drug costs of hypertension man-
agement amount to $268 per patient per year. For every one
million of the 20 million untreated patients in the USA
started on drug treatment, the total cost could be as low as
$450 million or as high as $1 billion annually. The question
from a cost-effectiveness viewpoint is not whether treat-
ment is effective, but whether the benefits justify the costs
in light of competing healthcare needs.

Formal cost-effectiveness analyses are not possible for the
newer antihypertensive agents because of the lack of data
on effectiveness. One has to make assumptions about the
magnitude of effectiveness. Grade A If we assume that
the newer agents are as effective as low-dose diuretics, the
wholesale medication costs to prevent a fatal or non-fatal
coronary event, a fatal or non-fatal stroke, a death from any
cause, and any of these complications among patients with
uncomplicated mild to moderate hypertension are as shown
in Table 14-6. The costs are given for low-dose diuretics and
a prototype of the newer unproven agents, nifedipine GITS.
Recent cost data based on smallest tablet size available show
that retail prices currently vary approximately 20-fold.??

In the context of healthcare systems in which priorities
are being established (fixed budgets), the prime candidates
for antihypertensive drug treatment are:

e elderly patients

e patients with moderate to severe hypertension

e patients with other cardiovascular risk factors, target
organ manifestations.

These patient groups (among others) are at a higher risk
of clinical hypertensive complications. Since clinical trials
have demonstrated similar relative reductions in risk of
stroke, acute MI, congestive heart failure, and mortality in

Table 14.6 Costs (US$) in wholesale medication prices to prevent a fatal or non-fatal CHD event, a fatal or non-fatal
stroke, a death of any cause or any of these events in patients with uncomplicated mild to moderate hypertension

assuming similar efficacy?

Event Hydrochlorothiazide Nifedipine GITS

Middle-aged Elderly Middle-aged Elderly
CHD 21374 3822 1571809 281025
Stroke 7413 2453 545141 180372
Mortality 14826 3931 1090281 289078
Any of above 4730 1588 347 859 116758

& The relative efficacy of calcium blockers compared to diuretics has not been reliably evaluated. These estimates assume similar

impact of the two agents.
Adapted from Pearce et a/®°
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low-risk compared to high-risk patients, the absolute benefit
expressed as number needed to treat to prevent one event
or as number of events prevented per 100 patients treated is
substantially greater in the high-risk groups described above.

Unanswered questions

e In terms of clinical efficacy and safety, how do the
newest agents compare with the proven treatments,
low-dose diuretics, B blockers and ACE inhibitors?
Are they superior, the same, or inferior? This question
and the following one are the key clinical questions
today. The answer to this question depends on large,
long-term trials that include an actively treated control
group. ALLHAT is an excellent example.*

e Compared to the older proven drugs, are the newer
agents cost effective? Regrettably, formal analysis to date
has been limited by a lack of efficacy data for the newer
agents. If, in ongoing trials, they turn out to be superior,
we have to decide whether the degree of superiority jus-
tifies the price differential and, if so, whether the newer
drugs deserve to be considered as first-line agents. If the
newer agents are the same or inferior, their use should
be restricted to second- or third-line agents, and be lim-
ited to patients who do not respond to low-dose diuret-
ics, B blockers, and ACE inhibitors, or who cannot
tolerate them or to specific targeted populations.

e  What is the best method for risk stratification? How can
we implement feasible and acceptable risk stratification
in the clinical setting, thus, allowing treatment deci-
sions to be based on an individual’s overall cardiovascu-
lar risk?

e What is the optimal level of treated BP? Should the
treatment goals be even lower than 140mmHg
(systolic) or 90 mmHg (diastolic) for certain high-risk
subpopulations?

e What are the optimal method(s) for long-term lifestyle
modifications?

e How can we best reduce the incidence of hypertension?

o Wil genetic information improve the efficacy and safety
of drug treatment with specific antihypertensive agents?

Key points

e Hypertension should be classified by its type (diastolic/
combined v isolated systolic hypertension), its severity
(stage 1-3) and by coexisting target organ manifesta-
tions (complicated v uncomplicated). Grade A

o If choices must be made, high-risk hypertensive
patients — that is, elderly patients, those with moderate
to severe hypertension and those with target organ
manifestation — ought to be the prime candidates for
treatment owing to more favorable benefit-risk and
cost-effectiveness ratios. Grade A

Key points Continued

o Lifestyle modification — primarily weight control and
sodium reduction — is an integral part of management of
hypertension. Good evidence on efficacy also exists for
increased physical activity, moderation of alcohol intake,
and ensuring adequate potassium intake. Grade A

e Low-dose diuretics should be the first-line drugs
because of proven efficacy and safety; B blockers and
ACE inhibitors are alternatives. In patients with type 2
diabetes, ACE inhibitors appear to be the drugs of
choice. Grade A Emerging evidence suggests that
angiotension |l receptor blockers convey benefit similar
to that of ACE inhibitors. The use of calcium antago-
nists, and o blockers ought to be restricted to patients
who do not respond to low-dose diuretics, B blockers
and ACE inhibitors or who cannot tolerate them.

e Major differences in direct drug cost between low-dose
diuretics and the newer and heavily promoted agents
ought to be a strong incentive to enhance use of the
former. Grade A
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Glucose abnormalities and
cardiovascular disease:

“dysglycemia” as an emerging
cardiovascular risk factor

Sarah E Capes, Hertzel C Gerstein

Large epidemiologic studies have consistently shown that
patients with diabetes mellitus (DM) have a two-to fourfold
increased risk of cardiovascular disease relative to non-
diabetic patients.'” Patients with both type 1 and type 2
diabetes are at increased risk. For patients with type 1 dia-
betes, who present soon after the disease develops, this
increased risk is not apparent until 20 to 30 years after the
diagnosis is made. For patients with type 2 diabetes, who
constitute over 90% of all patients with diabetes, this
increased risk is apparent right at the time of diagnosis and
is independent of the duration of diagnosed diabetes.*® For
these patients, this observation may be due to a 5-10 year
antecedent history of undiagnosed diabetes, preceded by an
indeterminate period of elevated glucose levels that are
below the diabetic cut off.”

Recent studies suggest that in patients with diabetes, the
degree of glucose elevation is directly related to the risk of
cardiovascular disease. For non-diabetic patients, a critical
overview of the available epidemiologic studies suggests
that this continuous relationship extends below the diabetic
threshold and includes mildly elevated glucose levels that
are generally considered to be normal. There may or may
not be a lower glucose threshold to this risk. Thus, like total
cholesterol or diastolic hypertension, glucose appears to be a
continuous cardiovascular risk factor. Whether or not modi-
fication of this risk factor by interventions that lower glucose
levels will also prevent cardiovascular disease remains an
important and unanswered question.

Definition and epidemiology of diabetes and
impaired glucose tolerance

The diagnosis of DM applies to a heterogeneous group of
disorders that are all characterized by high levels of glucose
in the blood.? This hyperglycemia is due either to absent or
minimal insulin secretion from insulin-producing B cells of
the pancreas, or to insufficient insulin secretion to overcome

a variable degree of “insulin resistance” that is present in a
large proportion of the general population. As insulin is the
primary hormone that prevents hyperglycemia, both by
inhibiting hepatic glucose production and facilitating glu-
cose clearance by muscle, insufficient insulin quickly results
in an elevated glucose level. The clinical classification of dia-
betes and the associated characteristics and suspected
causes of each type are listed in Table 15.1.

For many years it was apparent that patients with dia-
betes had a high risk of developing eye disease, kidney dis-
ease, peripheral nerve disease, and cardiovascular disease
(that is, coronary heart disease, cerebrovascular disease, and
peripheral vascular disease). In 1979 and 1980 it was also
recognized that these complications were occurring in
patients with both diagnosed diabetes and asymptomatic,
undiagnosed diabetes.” On the basis of epidemiologic stud-
ies of the risk of eye and kidney disease according to the
2 hour glucose level (during a 75g oral glucose tolerance
test) in populations at high risk for diabetes, specific glucose
thresholds were defined for the diagnosis of diabetes
(Table 15.2). These specific levels were those above which
patients were at high risk of diabetic retinopathy and
nephropathy; patients with levels below this threshold had
a very low risk for these diabetic complications.”®19 The
fact that these thresholds were not chosen to reflect the
risk of cardiovascular disease is apparent from many studies
demonstrating a high risk of cardiovascular disease in
patients with much lower glucose levels (see below).

At the time that these thresholds were established, it
was clear that a large number of people had glucose levels
that fell below the diabetic threshold but that were
nevertheless still elevated. This led to the classification of
Impaired Glucose Tolerance (IGT), which was defined on
the basis of the glucose level (Table 15.2) and not on the
basis of any particular clinical characteristics.®® Although
people with IGT were at low risk for diabetic retinopathy
and nephropathy, they had a higher risk for developing dia-
betes than people with normal glucose tolerance (defined by
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Table 15.1 Etiologic classification of diabetes mellitus?®

Name Characteristics Etiology Epidemiology
Type 1 Primarily due to pancreatic Autoimmune or ~10% of patients with
islet B-cell destruction; prone idiopathic; genetics diabetes; 0:2% of
to ketoacidosis play a role the general population
Type 2 Results from insulin Genetics play a key role ~90% of patients with
resistance with an insulin diabetes; up to 10% of
secretory defect the adult population
Gestational Diabetes with onset or first Usually a result of Complicates ~4% of
diabetes recognition during pregnancy hormonal changes in pregnancies in USA
pregnancy; usually
resolves after delivery
Other specific Related to a genetic, Examples include Other forms of diabetes

types congenital, pancreatic,
endocrine, or infectious
acquired disease,
or drug-induced

account for ~2% of all
patients with diabetes

hemochromatosis,
pancreatitis,
hypercortisolemia

@ Adapted from reference 8. Note that patients with any form of diabetes may require treatment with insulin at some stage of their

disease. Use of insulin does not in itself classify the patient.

Table 15.2 Diagnostic thresholds for diabetes, impaired glucose tolerance, and impaired fasting glucose?

Classification Random plasma glucose

Fasting plasma glucose

2 hour post-load (75 g glucose)
plasma glucose

Diabetes mellitus =111 mmol/I and classical signs

and symptoms of hyperglycemia®

Impaired glucose N/A
tolerance

Impaired fasting N/A
glucose

=7-0mmol /I°

<7-0mmol/I

=111 mmol/I°

=7-8 and <11:1 mmol/I

=61 and <7-:0 mmol/I N/A

@The diagnostic criteria for diabetes recommended by the Expert Committee of the American Diabetes Association have been
modified from those previously recommended by the National Diabetes Data Group (that is, fasting plasma glucose =7:8 mmol/I
on at least two occasions, or plasma glucose =111 mmol/I at 2 hours and at one other point in the test in an oral glucose toler-
ance test) and the World Health Organization (that is, fasting plasma glucose =7-8 mmol/I, 2 hour plasma glucose =11-1 mmol/I

in a 75 g oral glucose tolerance test, or both).

®Must be confirmed on a subsequent day by any one of the three methods.

a fasting and 2 hour plasma glucose <6-1 and 7-8 mmol/1
respectively®).

Prevalence estimates

Data from both Canada!’'? and the USA'® suggest that
approximately 3-5% of all adults have a known diagnosis of
diabetes. A large survey completed in 1994 in the USA also
showed that one third of all cases of diabetes were undiag-
nosed.!# Thus up to 8% of all adults in North America have

diabetes. This prevalence varies with age, approaching
15-20% of all people over the age of 64 in the USA.!* It also
varies with race and ethnicity, and is higher in aboriginal
populations throughout the world, in East Indians, American
Blacks and Hispanics, and in Chinese and Indian migrant
communities.> The prevalence of impaired glucose toler-
ance varies in a similar pattern; in most populations it is
approximately equal to the prevalence of diabetes (both diag-
nosed and undiagnosed);'® thus in the USA the prevalence of
IGT and diabetes exceeds 20% of people aged 40-74.14
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Relationship between the glucose level and
retinopathy, nephropathy, and peripheral
neuropathy

In patients with diabetes, the risk of retinopathy, nephro-
pathy, and neuropathy is highly correlated with various
measures of glycemia including fasting plasma glucose,
2 hour postprandial plasma glucose (after a 75 g oral glucose
load), and glycated hemoglobin level.!%!617 For example,
the risk of retinal and renal disease is very low below a
fasting and 2 hour plasma glucose of 7-0mmol/l or
11-1 mmol/1 respectively, and increases as these measures
increase within the diabetic range.

Therefore, the plasma glucose level is a continuous risk
factor for these complications in patients with diabetes. It
is also a modifiable risk factor. The Diabetes Control and
Complications Trial'® clearly showed that for patients with
type 1 diabetes, dramatic reductions of the risk of retinopathy
(63% risk reduction [RR]), laser therapy (51% RR), microalbu-
minuria (39% RR), clinical proteinuria (54% RR), and neu-
ropathy (60% RR) can be achieved by “tight” glucose control.
“Tight” glucose control also led to reductions in the risk of
any diabetes end point and microvascular end points in
patients with type 2 diabetes in the United Kingdom
Prospective Diabetes Study (UKPDS) (for example, there was
a 25% RR for the combined end point of renal failure or
death, vitreous hemorrhage, or photocoagulation).!® Thus
achieving and maintaining normoglycemia in patients with
diabetes is beneficial regardless of the etiology of the diabetes.

Relationship between the glucose level and
the risk of cardiovascular disease

Risk of cardiovascular disease in
patients with diabetes

As noted above, diabetes is an independent risk factor for
cardiovascular disease.? People with diabetes have a two- to
fourfold higher risk of coronary, cerebrovascular, and periph-
eral vascular disease than non-diabetic people.! The relative
risk is greater for women than for men.>!” Diabetes is also
a poor prognostic factor post myocardial infarction (MI);
diabetic patients have a higher inhospital mortality, and post-
discharge mortality than non-diabetic patients, and a higher
risk of infarct-related complications.?%2!

Just as the risk of eye, kidney, and nerve disease increases
with the degree of glycemia, a growing number of studies of
diabetic patients suggest that the risk of cardiovascular
disease also rises with the degree of glycemia. For example,
the Wisconsin Epidemiologic Study of Diabetic Retinopathy
followed a population-based sample of 1210 patients with dia-
betes presenting before the age of 30 and 1780 patients with
diabetes presenting at or after the age of 30.2% In both groups
of subjects 10 year mortality increased with the baseline

glycated hemoglobin quartile. After controlling for other risk
factors, a 1% increase in glycated hemoglobin was associated
with a 10% (older onset subjects) to 18% (younger onset
subjects) increase in the hazard of dying from ischemic heart
disease.?? In addition, at least two other smaller population-
based epidemiologic studies noted a higher rate of CHD?? or
total mortality?* in subjects with higher glucose levels than in
those with better glucose control. In the UKPDS, every 1%
increase in hemoglobin A (HbA.) in subjects with type 2
diabetes increased the risk of death by 14%, myocardial
infarction by 14%, and stroke by 12%.%

Glucose levels and the risk for cardiovascular
disease in non-diabetic patients

Many prospective studies have consistently showed that the
relationship between glucose levels and the subsequent risk
of cardiovascular disease extends well below the diabetic
threshold. For example, after 10 years of follow up in the
Whitehall study of 18 050 non-diabetic male civil servants,
there was up to a twofold increase in coronary heart disease
and stroke mortality in subjects whose 2 hour postload cap-
illary glucose value was greater than 5-4 mmol/l compared
to those with lower glucose levels. This increase was inde-
pendent of age, smoking, blood pressure, cholesterol, and
occupation.?®?” The relationship of non-diabetic-range
hyperglycemia and cardiovascular disease was also clearly
noted after 14 years in the Rancho Bernardo study.?? In this
prospective study of 3458 non-diabetic men and women
aged 40-70 with a fasting plasma glucose <7-8 mmol/1, the
age-adjusted ischemic heart disease mortality rates approxi-
mately doubled in men as the fasting glucose rose from 5 to
7mmol/1, and tripled in women as the fasting glucose rose
from 6 to 7-2 mmol/1.

Despite these, and other large cohort and cross-sectional
studies?°3? that showed a graded relationship between
non-diabetic, and even non-impaired glucose tolerance lev-
els of hyperglycemia and cardiovascular disease, some stud-
ies did not support such a relationship, especially with only
moderate degrees of glucose elevation.’33> A systematic
overview and meta-analysis of all published cohort studies
of mainly non-diabetic populations was therefore done in
1998 to resolve these discrepancies, and to characterize the
relationship between glucose levels and cardiovascular dis-
ease.3® This analysis of studies describing more than one
million person-years of follow up found that the risk of
cardiovascular disease increased continuously with glucose
levels above 4.2 mmol/1 (75mg/dl). This finding was sup-
ported by a recent prospective, population-based study of
4662 men aged 45-79, followed for up to 4 years, which
found a continuous relationship between all-cause, cardio-
vascular, and ischemic heart disease mortality and HbA,.
throughout the entire population distribution, with the
lowest rates in those with HbA;. < 5%.%7
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Hyperglycemia occurring at the time of an acute stress
may also increase the risk of mortality in non-diabetic indi-
viduals. Two meta-analyses of prospective studies concluded
that “stress” hyperglycemia increased the risk of mortality in
non-diabetic patients with acute MI (RR 3:9)® and stroke
(RR 3:1).%

Therefore, glucose appears to be a continuous cardiovas-
cular risk factor, similar to cholesterol or blood pressure in
its dose-response relationship.*® We have suggested that the
term dysglycemid*' may be useful for describing this contin-
uous relationship between glucose and cardiovascular dis-
ease. Thus people with dysglycemia alone are at risk for
cardiovascular disease, people with dysglycemia and
impaired glucose tolerance (IGT) are at higher risk for car-
diovascular disease as well as DM, and people with DM are
at even higher risk for cardiovascular disease as well as eye,
kidney, and nerve disease (Figure 15.1).

At risk for...

Dysglycemia + IGT/DM  CVD

=] IGT + DM CVD, DM
_
DM CVD, microvascular
disease

N

6 78 11-1
??
Postprandial plasma glucose (mmol/l)

M~

Figure 15.1 frequency distribution of glucose levels in the
general population. The significance of glucose as a risk factor
for chronic disease depends on the level. Glucose levels above
the diabetic threshold are associated with an increasing risk of
cardiovascular and microvascular disease, levels above the IGT
threshold are associated with an increasing risk of diabetes, and
elevated levels above some as yet undefined “dysglycemic”
threshold are associated with an increasing risk of cardiovascular
disease. CVD, cardiovascular disease; DM, diabetes mellitus; IGT,
impaired glucose tolerance.

Mechanisms relating hyperglycemia to
cardiovascular disease

Possible explanations for a glucose—cardiovascular disease
relationship include:

e direct toxic effects of glucose on cell function and
structure

o indirect effects owing to insufficient insulin secretion to
maintain normoglycemia

e along history of insulin resistance and hyperinsulinemia
prior to glucose elevations

e an association of dysglycemia with other recognized
and unrecognized risk factors for cardiovascular dis-
ease, including dyslipidemia, hypertension, abdominal
obesity, renal damage, and coagulation abnormalities.

Direct toxic effects of glucose

Glycation of a variety of proteins may directly promote car-
diovascular disease.**™*> Glycated albumin promotes albu-
minuria and endothelial cell dysfunction; glycated red cell
membranes are less deformable; glycated LDL apoproteins
are more susceptible than non-glycated LDL uptake by scav-
enger cells (which would increase foam cell formation),
oxidation, and increase platelet aggregation; glycated HDL
is less able to transport cholesterol, and glycated fibrin and
platelet membranes adversely affect vascular homeostasis.
AGE (advanced glycation end product) proteins also
accumulate on vessel walls and in the vessel matrix, and
may adversely affect endothelial cell function and promote
atherosclerosis.*4~40

Glucose metabolism also results in the formation of reac-
tive oxygen species directly,*’ and indirectly through activa-
tion of the polyol pathway and AGE formation.*® Any
increased glucose metabolism owing to higher ambient glu-
cose levels therefore presents an oxidative stress.*® Finally,
increased glucose metabolism to diacylglycerol may pro-
mote vascular cell growth, altered vascular permeability,
smooth muscle contraction, and synthesis of various
prostaglandins through protein kinase C activation.*’

Insufficient insulin production

Glucose is the major stimulus for insulin secretion, which in
turn prevents rises in glucose levels. Therefore an elevated
glucose level implies a lack of sufficient insulin to maintain
normoglycemia. Such a lack of sufficient insulin may occur
in the presence of both low and high absolute levels of
insulin, depending on the degree of insulin resistance.

A number of observations support the possibility that
insufficient insulin secretion may be related to cardiovascu-
lar disease.

o Patients with both type 1 diabetes (with no endogenous
insulin secretion) and type 2 diabetes (who are not able
to make sufficient insulin to prevent hyperglycemia) are
at high risk for cardiovascular disease. Intensified
insulin therapy may decrease this risk, and certainly
does not seem to worsen it (see below).

e Patients with hypertension and other cardiovascular
risk factors are resistant to the antilipolytic effects of
insulin;>® any decrease in the secretory capacity of
insulin would accentuate this and promote free fatty
acid transport to the liver. The ensuing hypertriglyc-
eridemia may promote atherosclerosis.’!
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o Patients with cardiovascular disease have increased
levels of proinsulin and split products®?°3 — a possible
biochemical marker of a failing B cell.>*

e Many patients with atherosclerosis and/or cardiovascu-
lar disease are insulin resistant,”® and require high
insulin levels to prevent hyperglycemia. Such a pro-
longed demand may increase the risk of subsequent
B cell failure and diabetes.>%>7

Hyperinsulinemia

In non-diabetic people, fasting and 2 hour postload insulin
levels rise with fasting and 2 hour glucose levels.*®>° Thus
even mildly hyperglycemic patients have higher levels of
insulin than normoglycemic controls. Moreovet, hyperinsu-
linemia is associated with coronary heart disease,°®®! and
many other cardiovascular risk factors including hyperten-
sion,®? left ventricular hypertrophy,®® elevated levels of
triglyceride,®*% fibrinogen, von Willebrand factor-related
antigen, factor VIII activity, plasminogen activator inhibitor-1
(PAI-1) antigen, and PAI-1 activity,** and depressed levels of
HDL%>% and tPA.%4%7 Insulin may promote hypertension
and atherosclerosis by stimulating renal sodium, water
retention,® smooth muscle proliferation, and vascular
growth factor production,® and sensitizing smooth muscle
to the pressor effects of angiotensin II,°® and increasing
norepinephrine release through activation of the sympa-
thetic nervous system.

Despite these associations, the role of hyperinsulinemia in
cardiovascular disease remains unclear.

e Hyperinsulinemia is not a consistent risk factor in
large epidemiologic studies of non-diabetic patients
with cardiovascular disease.”®

e Patients with insulinomas who are insulin resistant,
hyperinsulinemic, and hypoglycemic have normal lipid
profiles and blood pressure, and no clinical evidence of
cardiovascular disease.”!

e Studies of intensified insulin therapy in patients with
type 1 diabetes taking multiple daily doses of insulin
suggest a reduced, and not an increased risk for the bio-
chemical changes associated with atherosclerosis.”?

e The fact that non-diabetic insulin levels are correlated
with glucose levels suggests that the association of car-
diovascular disease with insulin levels may reflect an
association with glucose. The independent contribution
of insulin and glucose, and any interaction of the two,
to the risk of cardiovascular disease remains unclear
despite multivariate analyses.

Association with other risk factors

Hyperglycemia commonly clusters with hypertension, insulin
resistance, increased visceral fat, hypertriglyceridemia, and

microalbuminuria.® It is also associated with obesity, poor
socioeconomic status, and low birth weight. As such, the
observed association between glucose and cardiovascular dis-
ease may be due to one of these other risk factors or to a
common antecedent, and not because of any direct causal
connection.”>74

Is glucose a modifiable cardiovascular disease
risk factor?

To date, several randomized controlled trials of intensive
versus conventional glucose lowering therapy have been
completed in people with type 1 diabetes (in which different
insulin regimens were used to lower glucose levels) and
people with type 2 diabetes (in which different regimens of
oral agents and/or insulin were used to lower glucose
levels). None of these trials was designed or powered to
determine whether or not glucose lowering reduced cardio-
vascular events. Nevertheless, several trials did report a non-
significant trend in favor of a beneficial cardiovascular effect.
For people with type 1 diabetes, randomized trials of dif-
ferent levels of insulin-mediated glycemic control were
designed to determine the impact of glycemic control on
eye, kidney, and nerve disease (that is, microvascular dis-
ease). As such, they included mainly young people who had
a low annual rate of cardiovascular events. Nevertheless, an
exploratory analysis of results from the Diabetes Control
and Complications trial (DCCT)’? suggested that insulin-
mediated glucose lowering may be cardioprotective.
Moreover, in a recent meta-analysis that included this and
other randomized trials, there was a significant 45% reduc-
tion in the total number of cardiovascular events and a non-
significant 28% reduction in the risk of a first event.”
Clinical trials of different levels of glycemic control
in people with type 2 diabetes also support the hypothesis
that glucose lowering may reduce cardiovascular events
(Tables 15.3 and 15.4). The strongest evidence was reported
in a Swedish study of 620 diabetic MI patients randomized to
conventional coronary care unit (CCU) therapy versus an
insulin infusion followed by intensified insulin therapy for at
least 3 months.”® Total mortality in the treatment group was
reduced by 31% (95% CI 4-51, P=0-028) at 1 year, and
28% at 3 years.” This study needs to be replicated.
Nevertheless, it supports the use of insulin in diabetic
patients with myocardial infaction. Grade Alc All of
the other trials were done in ambulatory populations. The
largest dataset relevant to whether or not glycemic control is
cardioprotective was collected during the United Kingdom
Prospective Diabetes Study (UKPDS), in which MI, stroke,
and total mortality were recorded as secondary outcomes.'®
The main UKPDS study included 3867 people with newly
diagnosed type 2 diabetes who were assigned to either
conventional glycemic control or to intensive glycemic
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Table 15.3 Glucose-lowering trials and cardiovascular events in type 2 diabetes trials

Study Follow up HbA,. Drugs Event Relative risk reduction (95% CI)
(years) difference (%)

Reported (%) Per 1% HbA,,

difference (%)
UKPDS'8 10 09 Insulin/SU Ml 16 (0-29) 18
Stroke —11(=51-9) 12
UKPDS"® 10.7 0:6 Metformin Ml 39 (11-55) 65
Stroke 41 (—18-71) 68
Kumamoto”® 6 2:3 Insulin CV event 46 20
VACSDM®0 2:3 2:9 Insulin/SU CV event —40 —-18
DIGAMI™? 3 08 Insulin Death 28 (8-45b) 35

Abbreviations: ClI, confidence interval; CV, cardiovascular; DIGAMI, Diabetes Mellitus, Insulin Glucose Infusion in Myocardial
Infarction; MI, myocardial infarction; SU, sulfonylurea; VACSDM, Veterans Administration Cooperative Study in Diabetes Mellitus;

UKBS, United Kingdom Prospective Diabetes Study

Table 15.4 Glucose lowering and cardiovascular events in the United Kingdom Prospective Diabetes Study

Participants HbA, . Initial drugs Event Relative risk reduction
difference (%)
Reported (%) Per 1% HbA,
difference
All (n=3867)'8 09 Insulin/SU MI 16 177
Stroke —11 —12:2
Death 8 89
Obese (n=1704)"® 0:6 Metformin Ml 392 65
Stroke 41 683
Death 362 60
Insulin/SU Ml 21 &5
Stroke —14 —9233
Death 8 133
Metformin/insulin/SU Ml 22:5 375
Stroke 0 0
Death 14-3 23-8

& Statistically significant.

Abbreviations: CV, cardiovascular; MI, myocardial infarction; SU, sulfonylurea

therapy starting with either insulin or a sulfonylurea.
Participants assigned to the intensive policy had a median
HbA ;. over 10 years of 7-0%, and had a non-significant 16%
relative risk reduction for MI compared to participants whose
median HbA. was 7-9% (P= 0-052). A small obese subgroup
of these participants was also assigned to either conventional
therapy or intensive therapy with either metformin
(n=342), insulin or a sulfonylurea (n=951). The group
assigned to metformin experienced a 39% risk reduction in
MI compared to the conventional group.”®

These studies, as well as a 6 year Japanese study of inten-
sified versus conventional insulin therapy in patients with
type 2 diabetes,”® and one small pilot study of 153 men with
type 2 diabetes®® are summarized in Tables 15.3 and 15.4.

Taken together they suggest, but do not prove, that
glycemic control may lower the risk of cardiovascular dis-
ease in patients with DM. No large intervention studies of
the impact of reducing glucose levels in patients with ele-
vated glucose levels that are below the diabetic cut off have
been reported to date, and no studies have studied whether
or not targeting postprandial glucose is more or less impor-
tant than targeting fasting glucose levels.

Conclusion

There are a number of direct and indirect biologic pathways
linking dysglycemia to cardiovascular disease. Similar to
dyslipidemia, in which ongoing studies are continuing to
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show the therapeutic value of reducing even minimally ele-
vated lipid levels,®! dysglycemia may be a continuous modi-
flable cardiovascular disease risk factor: therapies that
reduce elevated glucose levels may reduce the risk of car-
diovascular disease.

A number of ongoing studies will address this issue. These
include the ACCORD (Action to Control Cardiovascular Risk
in Diabetes) study, which is testing whether intensive control
of blood glucose and associated risk factors can reduce car-
diovascular disease in people with type 2 diabetes.?? It also
includes the VA Diabetes Trial, which will study the effect of
intensive glucose therapy on cardiovascular outcomes in peo-
ple with poorly controlled type 2 diabetes.?3 The BARI II
(Bypass and Angioplasty Revascularization Investigation) trial
is testing the effect of revascularization plus aggressive med-
ical therapy versus aggressive medical therapy alone for
patients with type 2 diabetes and stable coronary artery dis-
ease. Patients in BARI II are also randomized to an insulin-
providing versus and insulin-sensitizing strategy of glucose
control.?2 For patients with impaired glucose tolerance,
strategies to prevent diabetes may also lead to a reduction in
cardiovascular disease. The Diabetes Prevention Program
showed that healthy lifestyle changes (which included 5-7%
weight loss through a low fat diet and at least 150 minutes of
exercise per week) prevented diabetes in obese adults with
impaired glucose tolerance. The drug metformin was also
effective to a lesser extent.®* Cardiovascular disease is a sec-
ondary outcome in this trial. Other strategies to prevent dia-
betes are being tested in ongoing clinical trials, in which
cardiovascular disease is a documented secondary outcome.
These strategies include ramipril and rosiglitazone (being
tested in the DREAM [Diabetes Reduction Assessment
with ramipril and rosiglitazone Medications] study®);
and acarbose (being tested in the Study to Prevent Non-
Insulin-Dependent Diabetes Mellitus®®). These studies are
likely to shed new light on the relationship between glucose
and cardiovascular disease and may provide ways of prevent-
ing cardiovascular disease in many individuals.
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Physical activity and exercise in
cardiovascular disease prevention and

rehabilitation
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Introduction

The goal of this chapter is to review the scientific evidence
regarding the benefits and safety of physical activity and
exercise with respect to a series of health outcomes. Brief
coverage within this review is aimed at the adult American
population in order to acquaint the physician with the latest
recommendations for primary prevention. The major focus,
however, is on the coronary population with a minor focus
on elderly people, women, and those who are physically
disabled. Existing evidence-based reviews and consensus
documents are used to support the evidence. The recom-
mendations are deliberately kept very brief, but the neces-
sary references are cited to assist the primary care physician,
internist or cardiologist in obtaining such documents.

Evidence for benefits of regular
exercise in adults

An accumulation of scientific evidence provides consistent
substantiation to the assertion that light to moderate phy-
sical activity in healthy adults reduces the risk for all-
cause mortality and cardiovascular disease (CVD) in men
and women.!~ However, approximately 60% of US adults
are not regularly physically active and 25% are inactive.*
Physical inactivity is a serious, nationwide problem. It poses
a major public health challenge with a national burden of
unnecessary illnesses and premature death. Physical activity
and exercise are pivotal in health promotion and disease
prevention, especially now that the evidence for the hazards
of being physically inactive are clear.” These statistics, repre-
senting low levels of exercise in the US population, call for
urgent action by health professionals. Primary care physi-
cians, internists, and cardiologists in particular need to pro-
vide evidence-based physical activity recommendations to
their patients.

Additionally, the Surgeon General’s Report® urges
healthcare providers to counsel their patients to do the
following.

Box 16.1 Benefits and adverse effects in adults®
Grade A/B

Physical activity improves health in the following ways:

e reduces risk of dying prematurely;

reduces risk of dying from heart disease;

reduces risk of developing diabetes;

reduces risk of developing high blood pressure;

helps reduce blood pressure in people who already have
high blood pressure.

Other documented health benefits include:

o reduces the risk of developing colon cancer;

reduces feelings of depression and anxiety;

helps control weight;

helps build healthy bones, muscles, and joints;

helps older adults become stronger and better able to

move about without falling;

e promotes psychological wellbeing.

Adverse effects of physical activity

Types of adverse effects:

musculoskeletal injuries

metabolic abnormalities

hematologic and body organ abnormalities

hazards

infection, allergic, and inflammatory conditions

precipitation of cardiac events.

1. Most skeletal muscular events are preventable by
gradually working up to a desirable level, avoiding
excessive amounts of activity.

2. Serious cardiovascular events can occur with phys-
ical exertion. Net effect is lower risk of mortality
from cardiovascular disease.

Recommendations for adults

Recent recommendations for physical activity from the
Centers for Disease Control (CDC) and National Institutes
of Health (NIH) suggest that American adults should engage
in physical activity at a level appropriate to their capacity,
needs, and interests. Regular exercise is recommended,
preferably daily, of at least 30—45 minutes of brisk walking
(3mph), bicycling or working around the house or yard.
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Activities may include formal exercise such as walking or
jogging or intermittent types of activity that include stair
climbing, gardening or housework.>

A well-rounded exercise program should include both
muscular strength training and joint flexibility exercises in
order to improve one’s ability to perform tasks and to reduce
the potential for injury.>> Upper extremity and resistance
(strength) training can improve muscle function and evi-
dence suggests that there may be cardiovascular benefit in
older patients and those with underlying CVD. This area,
however, is rather new and further evidence is needed before
recommendations can be made to the public. While these
recommendations are especially important for elderly people,
persons who have been deconditioned due to recent inactiv-
ity or illness may benefit as well. People who are already
physically active will benefit even more by increasing inten-
sity or duration of their activity. These recommendations are
intended primarily for the healthy sedentary population.®

Box 16.2 Essentials of physical activity counseling

e All subjects should be asked about their physical activity
status. Questions should address leisure and recre-
ational activities (that is, sports and exercise), as well as
intermittent activity (walking, stair climbing, household
and yard work).

e Assess whether activities meet the current activity rec-
ommendation guidelines (that is, activity should be at
least of moderate intensity or equivalent intensity to a
brisk walk at 3 mph on most or all days).

e Patients should be assisted in planning an appropriate
program of physical activity.

Evidence for benefits from regular exercise in
the coronary population

A recent comprehensive evidence-based review has been
completed on the benefits of exercise in the coronary popu-
lation.® For brevity, this consensus document will be used as
a source of evidence along with other consensus documents.
The major focus of this review was on coronary patients
(including myocardial infarction (MI), coronary artery bypass
surgery (CABG), and percutaneous transluminal coronary
angioplasty (PTCA)), with a lesser focus on heart failure
and cardiac transplantation literature and special populations
such as elderly people, women, and those with physical dis-
abilities (see Figure 16.1 for the criteria guiding this review).

Clinical and physiologic outcomes in the
coronary population

A comprehensive review by the Agency for Health Care
Policy and Research® provides consistent scientific evidence
of the benefits of exercise training on a number of outcomes

that include morbidity, mortality, exercise tolerance, and
symptoms (see summary below). The evidence is less con-
sistent for the benefit of reduced blood lipids, smoking
cessation, psychological wellbeing, social adjustment and
functioning, reduction in excess body weight, and a series of
physiologic measures.

Morbidity and safety issues

Forty-two studies — 15 randomized controlled trials (RCTs),
14 non-randomized studies, and 13 observational studies —
provide evidence that exercise training does not change the
rate of non-fatal re-infarction. The safety of exercise rehabil-
itation is well established; rates of infarction and cardio-
vascular complications are very low.® No study documented
increased morbidity when comparing patients in the inter-
vention group to the control group, with 4578 patients
included in the controlled trials (randomized and non-
randomized reviewed).

Reduced mortality

Thirty-one studies — 17 RCTs, eight non-randomized stud-
ies, and six observational studies — provide evidence that
exercise training programs significantly reduce total and
cardiovascular mortality in patients following myocardial
infarction (MI).0

Exercise tolerance

A total of 114 studies — 46 RCTs, 25 non-randomized stud-
ies, and 43 observational studies — demonstrated that exer-
cise training consistently improved objective measures of
exercise tolerance, without significant cardiovascular com-
plications or other adverse outcomes. Therefore, appropri-
ately prescribed exercise training is recommended as an
integral component of cardiac services, particularly for
patients with decreased exercise tolerance. Maintenance of
continued exercise training is required to sustain improved
exercise tolerance.® A minimum duration and frequency of
exercise has not been definitively determined and more
study is needed in this area.

Strength training (resistance training)

Seven studies — four RCTs and three non-randomized stud-
ies — have shown that strength training improves skeletal
muscle strength and endurance in clinically stable coronary
patients.® In the majority of these studies, weight training
was added as a strength training component to the exercise
regimens of coronary patients, who had already partici-
pated in aerobic exercise training for 3 months or more.
Documented benefits occurred with both low and high
resistance training. Weight carrying tolerance (time) or
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Summary of evidence for cardiac rehabilitation outcomes:? effects of exercise training

Outcome Evidence base
Total number Randomized Non-randomized Observational Grading of
of studies studies studies studies evidence
Exercise tolerance 114 46 25 43 Grade A
Exercise tolerance 7 4 3 0 Grade B
(strength training)
Exercise habits 15 10 2 3 Grade B
Symptoms 26 12 7 7 Grade B
Smoking 24 12 8 4 Grade B
Lipids 37 18 6 13 Grade B
Body weight 34 11 7 16 Grade C
Blood pressure 18 9 6 3 Grade B
Psychological wellbeing 20 9 8 3 Grade B
Social adjustment 6 2 2 2 Grade B
and functioning
Return to work 28 10 9 9 Grade A
Morbidity 492 (+2 survey 15 14 13 Grade A
reports)
Mortality 31 (+2survey 17 8 6 Grade B
reports)
Pathophysiologic 9 5 1 3 Grade A/B
measures: changes
in atherosclerosis
Changes in hemodynamic 5 0 0 5 Grade B
measurements
Changes in 11 6 2 3 Grade B
myocardial
perfusion/myocardial
ischemia
Changes in myocardial 22 9 5 8 Grade B
contractility, ventricular wall
motion abnormalities,
and/or ventricular
ejection fraction
Changes in cardiac 5 4 0 1 Grade B
arrhythmias
Heart failure patients 12 5 3 4 Grade A
Cardiac transplantation 5 0 1 4 Grade B
patients
Elderly patients 7 0 1 6 Grade B

& Number of studies from scientific literature by type of study design.

increases in skeletal muscle strength after completion of
resistance training was reported by all studies. Five of the
seven strength training studies demonstrated that submaxi-
mal and peak resistance exercise, using a variety of resist-
ance training devices, resulted in significantly lower peak
heart rate, pressure rate products, and oxygen consumption
responses than did maximal treadmill exercise testing.®
Moreover, angina, ventricular arrhythmias, and ischemic

ST-segment depression occurred less frequently during
resistance testing than during aerobic exercise testing to the
point of fatigue.”~® These studies therefore provide indirect
evidence of the effectiveness of resistance exercise training
in selected patients with coronary disease.

A meta-analytic review by Buchner!® concluded that high
intensity exercise programs reported much more gain in
strength than did low intensity training. High intensity
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training was well tolerated by older adults, even those who
were frail. Improvements in muscle strength can improve
patients’ performance of activities of daily living.!! However,
most of the studies involved small numbers of “low-risk”
male patients, aged 70 years and younger, with good left ven-
tricular function; also, training was of relatively short dura-
tion (less than or equal to 12 weeks). Hence the application
of this intervention to women coronary patients is at this
time based on an extrapolation.

Recommendation for strength training exercises

The strength training exercise sessions were typically
started 4—6 weeks after MI or coronary artery bypass graft
(CABG) and were carried out each week. The intensity
ranged from 25% to 80% of the one repetition maximal; the
most typical format consisted of three 30-60 minute strength
training exercise sessions per week for 6-26 weeks.

Safety of strength training exercises in
coronary patients

The lack of cardiovascular and orthopedic complications in
the 3 year follow up of strength training was largely attrib-
uted to strict preliminary screening and careful supervi-
sion.!? It is unclear if safety can be extrapolated to other
populations of coronary or cardiac patients (for example,
women, older men and women patients with low aerobic
conditioning, patients at moderate to high cardiovascular
risk) and this requires study. However, regimens designed
to increase skeletal muscle strength can safely be included
in exercise programs of clinically stable coronary patients
when appropriate instruction and surveillance are provided.

Symptoms

Twenty-six studies — 12 RCTs, seven non-randomized stud-
ies, and seven observational studies — showed that exercise
training decreases both angina pectoris in patients with
coronary heart disease (CHD) and symptoms of heart failure
in patients with left ventricular (LV) systolic dysfunction.
Therefore, exercise training is recommended as an integral
component of symptom management for these patients.®

Return to work

Twenty-eight studies — 10 RCTs, nine non-randomized stud-
ies, and nine observational studies — provide evidence that
does not support an improved rate of return to work as a
result of exercise training alone. A likely explanation may
be that exercise training exerts less influence on return to
work than many non-exercise variables including employer
attitudes, prior employment status, economic incentives,
and the like.°

Blood lipid levels

Thirty-seven studies — 18 RCTs, six non-randomized stud-
ies, and 13 observational studies — suggest that exercise
training is not recommended as a sole intervention for lipid
modification because of inconsistent effects on lipid and
lipoprotein levels. Optimal lipid management requires spe-
cific dietary and medically indicated pharmacologic manage-
ment in addition to exercise training.®

Smoking cessation

Twenty-four studies — 12 RCTs, eight non-randomized stud-
ies, and four observational studies — conclude that exercise
training has little or no effect on smoking cessation. Smoking
cessation is achieved primarily by targeted smoking cessa-
tion strategies.® The smoking cessation guidelines developed
by an AHCPR evidence guideline panel provide detailed
guidance on the optimum strategies for smoking cessation. 3

Psychological wellbeing

Twenty studies — nine RCTs, eight non-randomized studies,
and three observational studies — found that exercise train-
ing — with or without other cardiac rehabilitation services —
generally results in decrease in anxiety and depression and
improved physical function.® Exercise is therefore recom-
mended to enhance psychological wellbeing, particularly
when it is one component of a multifactorial rehabilitation
program. Studies of exercise training in a supervised group
setting as a sole intervention do not show consistent
improvement in anxiety and depression. Studies of exercise
training as a sole intervention are confounded by the conse-
quences of group interactions, formation of social support
networks, peer and professional support, and counseling
and guidance, all of which may affect depression, anxiety,
and self-confidence.

Blood pressure

Eighteen studies — nine RCTs, six non-randomized studies,
and three observational studies — allow the conclusion that
exercise training as a sole intervention had no demonstrable
effect in lowering blood pressure levels. A multifactorial
education, counseling, behavioral, and pharmacologic
approach is the recommended strategy for the management
of hypertension according to the fifth report of the Joint
National Committee on Detection, Evaluation, and Treatment
of High Blood Pressure (1993).14

Social adjustment and functioning

Six studies — two RCTs, two non-randomized studies, and
two observational studies — provide evidence that exercise
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training improves social adjustment and functioning and is
therefore recommended in the care of cardiac patients. The
social benefits from participation in exercise and cardiac
rehabilitation are a favorable result. More research is
needed to evaluate the impact of cardiac rehabilitation on
social adjustment and functioning.®

Body weight

Thirty-four studies — 11 RCTs, seven non-randomized stud-
ies, and 16 observational studies — provide evidence that
exercise training alone has inconsistent effects on controlling
excess body weight and is not recommended as a sole inter-
vention for this risk factor. Optimal management of over-
weight patients requires multifactorial intervention including
intensive nutritional education, counseling and behavioral
modification as an adjunct to exercise training. The panel®
concluded that after a review of behavioral therapy literature
involving obese patients, state of the art weight loss pro-
grams were shown to be successful. Results of a meta-
analysis of 70 studies indicated that weight reduction through
dieting can also help normalize plasma lipids and lipoprotein
levels in overweight individuals.' It is essential to note that
the comprehensive use of exercise, education, counseling,
and behavioral interventions as a multifactorial approach has
consistently yielded much stronger evidence, in terms of
health outcomes, than exercise programs alone.

Pathophysiologic measures

Atherosclerosis

Nine studies — five RCTs, one non-randomized study, and
three observational studies — provide convincing evidence
that exercise training as a sole intervention does not result
in regression, limitation or progression of angiographically
documented coronary atherosclerosis. But regression or lim-
itation in progression of atherosclerosis may occur when
exercise training is combined with intense dietary interven-
tion, with or without lipid lowering drugs.°

Hemodynamic measurement

Five observational studies provide evidence that exercise
training has no effect on development of coronary collateral
circulation and produces no consistent changes in cardiac
hemodynamic measurements during cardiac catheter-
ization. Exercise training in patients with heart failure
and depressed ventricular ejection fraction produces favor-
able hemodynamic changes in the skeletal musculature.
Therefore, cardiac rehabilitation exercise training is recom-
mended to improve skeletal muscle function; however, it

does not enhance cardiac hemodynamic function or pro-
mote development of collateral coronary circulation.®

Myocardial perfusion/myocardial ischemia

Eleven studies — six RCTs, two non-randomized studies, and
three observational studies — provide evidence that exercise
training decreases myocardial ischemia as measured by
exercise ECG testing, ambulatory ECG recording, and
radionuclide perfusion imaging. Exercise training is recom-
mended to improve the measures of myocardial ischemia.’

Myocardial contractility, ventricular wall motion
abnormalities, and/or ventricular
ejection fraction

Twenty-two studies — nine RCTs, five non-randomized stud-
ies, and eight observational studies — document that exer-
cise training has little effect on ventricular ejection fraction
and regional wall motion abnormalities. The effect of exer-
cise training on left ventricular function in patients after
anterior wall Q wave MI with LV dysfunction is inconsis-
tent. Exercise training is not recommended to improve
measures of ventricular systolic function.

Other clinical populations

Heart failure and cardiac transplantation

Heart failure patients

Twelve studies — five RCTs, three non-randomized, and four
observational studies — provide evidence for the benefit of
exercise training in the heart failure population. Exercise
training in patients with heart failure and moderate to
severe LV dysfunction improves functional capacity and
symptoms, without changes in LV function. Exercise train-
ing is recommended in these patients to attain functional
and symptomatic improvement but there is a potentially
higher likelihood of adverse events. In summary, although
these studies had small numbers and populations of young
patients, predominantly male, and CAD was the major etiol-
ogy of heart failure, exercise training in patients with heart
failure and diminished ventricular systolic dysfunction
resulted in documented improvement in functional capacity.
The benefits are thought to be due predominantly to adapta-
tion in peripheral circulation and skeletal musculature.®

Cardiac transplantation patients

Seven studies — one non-randomized study and six observa-
tional studies — suggest that exercise training following car-
diac transplantation improves exercise tolerance and is
recommended for this purpose. These trials demonstrated
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that participation in an exercise program produced physio-
logical training responses that included: increased peak oxy-
gen uptake, resting heart rate, decreased peak exercise heart
rate, increased resting blood pressure, and decreased peak
systolic blood pressure compared with normal controls. No
change was observed in peak systolic blood pressure or pres-
sure rate product. However, these studies were uncon-
trolled and therefore these changes could be either the
result of spontaneous improvement or a treatment effect.
While there are few studies in this area and no RCTs, initial
observations demonstrate efficacy of this intervention. In
addition, it is believed that strength training before the
transplantation may help enhance recovery after the opera-
tion. However, more research is needed in this area to iden-
tify the extent of spontaneous recovery versus the added
benefit from exercise intervention.’

Changes in cardiac arrhythmias

Five studies — four RCTs and one observational study —
provide evidence for the role of exercise in patients with
arrhythmias. Two of the four RCTs showed that exercising
patients, but not the controls, had a reduction in ventricular
arrhythmias.!”'® One demonstrated no statistically signifi-
cant difference between exercise patients and controls when
monitoring ventricular arrhythmia frequency or severity
with 24 hour ambulatory ECG.!® One RCT reported more
malignant premature ventricular contractions (PVCs) on 24
hour ambulatory ECG monitoring during exercise training
days in exercise patients compared to control patients.?’ The
one observational study showed no difference in PVCs at
baseline versus after exercise training. Exercise training has
inconsistent effects on ventricular arrhythmias.

Special populations

Elderly patients

Elderly patients constitute a high percentage of those with
MI, CABG, and PTCA and are also at high risk of disability
following a coronary event. Seven studies — one non-
randomized study and six observational studies — provide
the evidence for this review.% Also, the Surgeon General’s
report® concludes that physical activity, including strength
training (resistance) exercise, appears to be protective
against falling and fractures among elderly people, probably
by increasing muscle strength and balance. Elderly coronary
patients have exercise trainability comparable to younger
patients participating in similar exercise rehabilitation.
Elderly female and male patients show comparable improve-
ment, but referral to and participation in exercise rehabilita-
tion is less frequent for elderly patients, especially females.
Physical activity need not be strenuous to achieve health

benefits.!! No complications or adverse outcomes of exer-
cise training in elderly subjects were described in any study.
Although few studies and no randomized controlled trials
specifically addressed the efficacy and safety of exercise
training and multifactorial rehabilitation in elderly people,
the available studies provide important new information of
beneficial functional improvement from exercise training
for current clinical practice. Elderly patients of both
genders should be strongly encouraged to participate in
exercise-based cardiac rehabilitation and special effort
should be taken to overcome the obstacles to entry and pat-
ticipation in cardiac rehabilitation services for elderly
patients.

Women

The scientific evidence was either lacking altogether or
small numbers of women were included in RCTs, making
separate analyses for benefit impossible. This practice
resulted in lack of information at best and confusion at
worst. If indeed women do experience differing responses
than men in exercise training then the effects are likely to
be diluted for men and non-informative for women. The
consensus of the expert panel® was that in most instances
women can benefit from exercise training. However,
women have unique considerations that require special
attention. In studies of CAD patients women tend to be
older, live alone more often (they are widowed or divorced),
and have fewer economic and social resources. These cir-
cumstances require that women be given special attention
to minimize the barriers to enrollment in exercise programs
and to continuation with the program.

The Center for Women’s Health at the National Institutes
of Health has as its primary goal compensation for this scien-
tific deficit regarding women’s health. Until these new initia-
tives have been completed and reported in the literature, only
scant scientific evidence exists to guide the physician regard-
ing specific recommendations for women.?! Many studies are
now in progress or have already been completed since the
formulation of the Center for Women’s Health in 1980.

People with physical disabilities

With the passing of the Americans with Disabilities Act
(1990), physicians in the USA are now required to address
the special exercise training needs of patients with a variety
of physical disabilities. People with physical disabilities
are advised to see a physician before starting a program of
physical activity that is new to them.!! In particular, physi-
cally disabled patients with CVD should be referred to the
cardiologist for physical therapy or exercise prescription.
A recent comprehensive review is available for the reader
who requires greater detail than is possible here.?223
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General safety issues

Patients with chronic health problems, such as heart disease
or diabetes, should first obtain medical clearance before
beginning a new exercise program. Skeletal muscle and
other injury can be avoided by beginning exercises slowly
and gradually building up to the desired amount of exercise
(duration, frequency, and intensity) to give skeletal muscles
and the cardiovascular system time to adapt. It is recom-
mended that men over 40 and women over 50 consult a
physician prior to beginning a vigorous physical activity pro-
gram. This is to ensure that the patient does not have un-
diagnosed heart disease or other health problems that may
place them at increased risk and that may require special
modification in the exercise prescription or the monitoring
of their response to the exercise.> The ACSM,** AHA,* and
AACVPR? have issued guidelines for assessment of an
exercise facility prior to beginning an exercise program.
A medical evaluation, including an exercise test, is recom-
mended for individuals with known coronary risk factors or
a strong family history of CVD. Exercise testing is recom-
mended for persons over 40 years of age, especially if they
have two or more risk factors for CVD. But it is not
recommended for apparently healthy individuals less than
40 years due to the relatively low predictive value of a
positive test.?

Other organizational and clinical issues

Adherence to exercise

The evidence for exercise interventions for cardiovascular
risk reduction has been provided in the preceding pages.
However, the extent to which exercise is effective may
depend in large part on adherence.?’” Burke and col-
leagues,?’ in their comprehensive review on adherence, fur-
ther concluded that non-adherence, whether it occurs early
or late in the treatment course, is one mediator of clinical
outcomes. Hence, specific attention is given to adherence
here. Barriers to exercise are twofold: the lack of physicians’
exercise prescription and patient non-adherence. Since
physicians have had limited clear evidence on reduction of
“hard events” until recently, coronary patients have not con-
sistently received physician recommendations regarding
exercise or have received suggestions that were too general
to be beneficial. Cardiac rehabilitation programs are avail-
able for referral by the physician in virtually every major city
throughout the USA.

Much of the information on adherence is derived
from multifactorial cardiac rehabilitation studies that were
designed not to evaluate or enhance adherence but to
determine the effects of rehabilitation services on other out-
comes. These studies demonstrate a progressive decline
with longer treatment duration, with 20-25% of patients

dropping out within the first 3 months, 40-50% between 6
and 12 months, and little further change occurring during
the next 34 years.?® Although not confirmed, this trend for
high early dropout rates may relate to several factors: cost of
the exercise program, insurance reimbursement, conven-
ience associated with program scheduling and facility
location, return to work or family demands or simply poor
motivation. Alternatively, patients may have mastered their
skills and dropped out because of adequate self-care.
There are differences in adherence with different modes of
delivery of exercise services; what is known about adher-
ence to cardiac rehabilitation is based largely on studies
conducted when cardiac rehabilitation content, duration,
delivery, and goals were considerably different from what
they are at present.

Recommendations to improve adherence

Adherence may be enhanced if the physician understands
the factors that affect exercise behavior and accordingly
devises an exercise program that is tailored to the needs,
preferences, and health status of a given person.?’ Patients,
in general, wish to be partners in healthcare decisions that
affect them or their families and improving communication
may be a potent adherence enhancing strategy. Attention
to the interpersonal relationships between patient and
provider can result in greater cooperation and greater
patient and provider satisfaction, as well as improved adher-
ence.3° For example, increased involvement by the patient
in clinical decision making has been shown to improve
patient satisfaction,?’ patient adherence, and patient out-
comes.?® In addition, limited evidence supports the impor-
tance of involving family members in promoting adherence
to cardiac rehabilitation services.3” If the objective of patient
counseling is to permit the patient to make informed deci-
sions about treatments, then a patient may decide to disre-
gard some or all professional advice. This suggests that what
is inappropriate behavior from the clinician’s perspective
(that is, not following recommendations) may in fact be
rational decision making from the patient’s perspective.
Many patients make the best decisions they can without
considering the importance or even the implications of
adherence and carry out their own risk—benefit analysis for
each treatment they are offered.3

Other factors that may influence patient adherence
include: emotional support; understanding the patient’s
(and family’s) values, viewpoints, and preferences; integra-
tion of the intervention into the patient’s lifestyle, as well as
patient characteristics and demographic characteristics;
aspects of treatment regimens including complexity, dura-
tion, and convenience (such as cost, facility location, time of
day); and disease factors such as severity of symptoms,
among others. Patient perceptions, as well as personal and
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social circumstances, determine patient decisions about fol-
lowing recommendations.

Adherence to exercise is in general lower than that for
pharmacologic interventions; Burke et a/?” suggest that the
increased behavioral requirements for maintaining an exer-
cise program may account for this. In general, adherence to
the exercise program was better in the home exercise pro-
grams than the community-based rehabilitation programs.?’
Most likely, the convenience factor can account for these
improved rates of adherence.?’

Strategies to improve adherence

Improving patient—provider communication with more
information about CVD and its treatments would likely
result in more informed decision making by the patient; pro-
viding culturally sensitive care may also improve adherence
and perhaps patient outcomes and is likely to improve
patient and clinician satisfaction.3”3® Successful strategies
for adherence include:

e (Clear communication between patient (family) and
provider.

e Emotional support and alleviation of fears and anxieties.

e Understandable and practical explanations about regi-
mens that are compatible with the patient’s values,
preferences, and expressed needs, acknowledging the
patient’s social and cultural needs.

e Integration and coordination of patient care to provide
continuity of care between transitions.®

Alternatives to monitored exercise training

Eleven studies — seven RCTs and four non-randomized
studies — informed this question. The evidence suggests that
alternative approaches to the delivery of cardiac rehabilitative
services, other than traditional supervised group interven-
tions, can be implemented effectively and safely for carefully
selected clinically stable patients. Transtelephonic and other
means of monitoring and surveillance of patients can extend
cardiac rehabilitative services beyond the setting of super-
vised, structured, group-based rehabilitation (see Box 16.3 for
guide to ECG monitoring). These alternative approaches have
the potential to provide cardiac rehabilitation services to low-
and moderate-risk patients, who comprise the majority of
patients with stable coronary disease, most of whom do not
currently participate in supervised, structured rehabilitation.
(For risk stratification guidelines, see Box 16.4.)

Box 16.3 Criteria for electrocardiographic monitoring®®
e Two or more Mls

e New York Heart Association class 3 or greater

o Exercise capacity less than 6 METs

Box 16.3 Continued

e Ischemic horizontal or downsloping ST depression of
4 mm or more or angina during exercise

o Fallin systolic blood pressure with exercise

e A medical problem that the physician believes may be
life-threatening

e Previous episode of primary cardiac arrest

e Ventricular tachycardia at a workload of less than 6 METs

Note: MET, metabolic equivalent units

Box 16.4 Minimal guidelines for risk stratification

Risk level Characteristics

Low No significant left ventricular dysfunction
(that is, ejection fraction =500%)

No resting- or exercise-induced myocar-
dial ischemia manifested as angina and/
or ST-segment displacement

No resting- or exercise-induced complex
arrhythmias

Uncomplicated myocardial infarction, coro-
nary artery bypass surgery, angioplasty or
atherectomy

Functional capacity =6 METs on graded
exercise test 3 or more weeks after
clinical event

Mild to moderately depressed left ventri-
cular function (ejection fraction 31-49%)

Functional capacity >5-6 METs on graded
exercise test 3 or more weeks after
clinical event

Patients who consistently exceed the
intensity of their exercise prescription

Exercise-induced myocardial ischemia
(1-2mm ST-segment depression) or
reversible ischemic defects (echocardio-
graphic or nuclear radiography)

High Severely depressed left ventricular func-

tion (ejection fraction =30%)
Complex ventricular arrhythmias at rest or
appearing or increasing with exercise
Decrease in systolic blood pressure of
>15mmHg during exercise or failure to
rise with increasing exercise workloads
Survivor of sudden cardiac death
Myocardial infarction complicated by con-
gestive heart failure, cardiogenic shock,
and/or complex ventricular arrhythmias
Severe coronary artery disease and marked
exercise-induced  myocardial  ischemia
(>2mm ST-segment depression)
MET, metabolic equivalent units
Source: From Guidelines for rehabilitation programs

(p. 14) by the American Association of Cardiovascular and

Pulmonary Rehabilitation, Champaign, IL: Human Kinetics

Books. Copyright 1995 by American Association of Cardio-

vascular and Pulmonary Rehabilitation. Reprinted by permission.

Intermediate
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Recent studies have explored new approaches to deliver
cardiac rehabilitation services, with the goals of increasing
availability and decreasing costs, while preserving efficacy
and safety. Case management approaches to exercise train-
ing, smoking cessation, and diet drug management of hyper-
lipidemia that rely on telephone contact can be provided to
appropriately selected patients with coronary disease.

Guidelines for participation in supervised and unsupet-
vised exercise training programs are published by the
American College of Sports Medicine.?* In brief, supervi-
sion is recommended for patients with two or more major
CAD risk factors and patients with known CAD with
less than 8 MET functional capacity. Supervision is not
suggested in apparently healthy individuals or persons
who have equal or more than 8 MET functional capacity.
The generalizability of these case management systems
to other treatment settings — including university centers,
public and community hospitals, and clinics — will depend
largely on formulas for reimbursement for services and
the extent of physician support for this approach, as well
as the state regulations regarding medical and health prac-
tices. Within each of these settings, managed care programs
seeking optimal methods for coronary risk factor reduction
and exercise rehabilitation may favor case management
systems that provide convenient, individualized health care
at low cost.

Risk stratification

Appropriate risk stratification is recommended to minimize
any adverse effects that patients might experience. This
practice is also valuable in aiding the healthcare provider in
deciding the type and intensity at which an exercise regi-
men will be started and the degree of monitoring and supet-
vision. Furthermore, careful risk stratification also identifies
the frequency of surveillance needed for a given patient,
alerts the practitioner to respond promptly to changes in
patient status, and promotes the safety of exercise training
in any delivery system.®

Focus of further scientific study

Scientific studies should address the following areas:°

e Evaluate exercise training in special populations,
including elderly people, women, members of different
ethnic groups, and those of low educational and socio-
economic status.

o Evaluate exercise therapy following contemporary ther-
apies, including thrombolysis and acute angioplasty.

e Evaluate effects of exercise training using return to
work as a primary outcome.

o Identify factors that promote adherence.

e Identify the optimum degree of supervision and moni-
toring for high-risk groups, such as those with heart fail-
ure, elderly patients, and those with complex medical
problems.

e Evaluate the safety and benefit of exercise training in
patients with compensated heart failure and impaired
ventricular systolic function.

e Evaluate a variety of different delivery models of exer-
cise therapy.

e Evaluate the safety and specific added benefits of resist-
ance training on cardiac patient outcomes.

Summary

Clear evidence exists for the recommendation of exercise
for all individuals for primary preventive purposes. The evi-
dence for patients with CAD is also well substantiated.
Further research is indicated to verify how exercise recom-
mendations are best delivered given the current rapid
change in healthcare practice.
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Key points

There is widespread belief among the general public, fostered
by the media, that psychologic and social factors influence
the risk of disease. Over the last three decades the scientific
community has picked up this interest in psychosocial fac-
tors — that is, those factors (such as work characteristics,
depression, and social support) that link psychologic phe-
nomena to the social environment. Much of this research has
focused on the effect of psychosocial factors on health, in
particular coronary heart disease (CHD), in part because
they may mediate the association between social class and
health. Our previous systematic review of prospective studies
published up until 1997 investigated the association
between psychosocial factors and CHD etiology and prog-
nosis.! Here, in updating this review to June 2001, we have
used better search methods (and identified 71 new papers),
improved summaries of the results and discussed the find-
ings in an explicit framework of causality. Our objective for
this review is to assess the relative strength of the epidemio-
logic evidence for causal links between psychosocial factors
and CHD incidence among healthy populations, and progno-
sis among CHD patients.

Psychosocial factors as coronary risk factors

Over time there have been improvements in the measure-
ment of psychosocial factors, moving away from the general
idea of “stress” to concepts based on theoretical models that
can be tested. These psychosocial factors may relate to per-
sonality factors, such as type A behavior and psychological
disorders (for instance, depression and anxiety), and to fac-
tors more explicitly involving the social environment,
including work characteristics and social support. The valid-
ity and reliability of the questionnaire-based instruments
used to measure the psychosocial factors has been improved
through the use of psychometric techniques; increasingly
studies use identical measurement scales. However, such

standardization is more apparent for some factors, such as
depression, than others, such as work characteristics.

Two aspects of the association between CHD and psy-
chosocial factors have been researched intensively. The first
aspect is the effect of psychosocial factors on CHD incidence,
or newly diaghosed CHD. The second aspect is the impact of
psychosocial factors on survival among people with CHD.
Despite the large literature that has accumulated, the ques-
tion of whether psychosocial factors are causally related to
risk of, and survival from, CHD remains open for debate.
This systematic review aims to highlight key issues in ascrib-
ing causal status to one or more psychosocial factor.

Are psychosocial CHD associations causal?

An initial question to ask of an epidemiologic association
between psychosocial factors and CHD is, Can it be
explained by bias? Most attention has been paid to bias
intrinsic to study design as reported within a publication.
One example is self-report bias that may arise if study partici-
pants tend to report adversely on both the psychosocial
exposures and symptoms of heart disease. Our review
addresses this issue by emphasizing death and non-fatal
myocardial infarction (MI) as outcomes rather than softer
end points, such as angina, which may be more prone to
reporting bias. However, for a systematic review, a poten-
tially more important set of biases lies extrinsic to individual
published reports in the stages between hypothesis specifica-
tion and communication to the scientific community. Of all
the existing psychosocial CHD data, an unknown amount
remains unreported. Positive studies may be more likely to
be published than negative studies; and, once published, pos-
itive studies may have greater impact than negative studies.

However, notwithstanding these potential biases, Bradford
Hill? outlined a set of interrelated criteria for judging an
association to be causal. This is used as a framework for
discussing the results of the studies.
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Consistency. Finding the same association in different
studies, in different populations and under different
circumstances — that is, consistency — strengthens the
evidence for causation. As an example, depression is
related to risk for CHD in Finland,® the USA* and the
Netherlands,” as well as in both men and women.®
However, as our review shows, studies are not unani-
mous for any psychosocial factor. These inconsistencies
in the data may arise from, inter alia, differences in study
designs or ways of measuring the psychosocial factors.
Temporal association. In order to address the require-
ment that exposure should precede the disease, we lim-
ited our review to prospective cohort studies. However,
the presence of effects in shorter term follow up stud-
ies, which are not found in longer term follow up,
raises the possibility that early manifestations of disease
might have caused the psychosocial exposure.
Confounders, mediators, and biologic mechanisms.
Demonstration of biologic pathways linking psychoso-
cial factors and CHD might strengthen the evidence for
a causal association. There are three plausible biologic
pathways by which psychosocial factors could be linked
to the incidence of CHD. These have been reviewed
elsewhere.”8 First, psychosocial factors may influence
health-related behaviors, such as smoking, diet, alcohol
consumption, and exercise, which in turn have patho-
physiologic consequences.”!? If this is true, then studies
that treat health behaviors as potential confounders may
be underestimating the effect of psychosocial factors.
Nearly all studies do this in our review; we are therefore
summarizing the direct effect of psychosocial factors on
CHD events, net of lifestyle variables, and we are not
assessing potential mediation of the association between
psychosocial factors and CHD by health behaviors.
Psychosocial factors themselves may contribute to the
pathway by which social position is inversely associated
with CHD. However, a minority of studies in the review
considered social position. Second, psychosocial factors,
including social support or depression, may produce real
or apparent hurdles to help-seeking behavior and access
to quality medical care, so that the progression of sub-
clinical to clinical disease is more rapid in people with
poor psychosocial characteristics. This possibility awaits
adequate investigation. Third, psychosocial factors may
produce direct or chronic physiologic changes that
increase the risk for CHD.!! Adverse psychosocial char-
acteristics can induce biologic arousal through neuro-
endocrine mechanisms affecting blood lipids, blood
fibrinogen, and blood pressure, or neuroendocrine
mechanisms that increase catecholamines and cortisol.
Strength. Stronger associations are more likely to be
causal. This means that larger relative risks (RR) give
stronger evidence for causality than smaller relative
risks, so an RR of 2-86 (95% CI 1:19-6-89)'2 is more

indicative of an association between type A behavior
and CHD than a RR of 1-43 (95% CI 0-63-3-26).!3

e Dose response. The existence of a dose-response rela-
tionship between the exposure and disease also supports
causation, and an example of this is the higher relative
risks for the association between major depression, than
minor depression, and mortality in people with CHD.!4!>

o  Reversibility. Ultimately the purpose of cardiologic
practice is to intervene and reduce the risk associated
with psychosocial factors.

Methods of systematic review

The methods of this review, which updates our review of
publications to 1997, are similar to the first review in terms
of qualitative data analysis, but are improved as regards
searching for papers and summarizing data. A methodologic
quality filter was used to determine inclusion of papers in
the systematic review, so that the strength of evidence could
be compared across psychosocial factors. For inclusion,
papers had to meet four quality criteria relating to design,
size, psychosocial variable specification, and outcomes.

Study design

Since cross-sectional and retrospective case—control studies
are subject to recall bias, we limited the review to prospec-
tive cohort studies. Nested case—control studies were not
included in this review, because our search methods may not
distinguish nested and retrospective case—control studies.

Study size

This review was limited to studies that included at least
500 participants (etiologic studies in healthy populations) or
100 participants (prognostic studies in populations of
patients with CHD). The number of participants included
was taken as the total number reported after exclusion of
ineligible subjects. Therefore, we do not report the restric-
tion of the cohort for subgroup analyses, which was occa-
sionally substantial.

Psychosocial variable specification

Psychosocial factors were included if they were used in at
least two eligible study populations. Unspecified “stress”
was not considered a valid psychosocial factor, since it was
too vague to be informative.!®!” Papers had to specify pre-
cisely which measurement scale was used.

Outcomes

Valid outcomes were limited to fatal CHD, sudden cardiac
death, incident non-fatal MI, incident angina, incident heart
failure, and, for prognostic studies only, all-cause mortality.
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Searching for eligible papers

The principal method of identifying new papers for updating
the review was through the Science Citation Index (accessed
on the web of science at www.webofscience.com). In June
2001 the Science Citation Index was used to identify papers
that cited any of the 65 papers included in our original
review. This search method yielded more eligible papers, and
missed none, compared to searches on PubMed. Abstracts
of over 280 new papers identified with potentially relevant
titles were extracted and those papers obviously not eligible
were eliminated. Next, two independent researchers
assessed full text versions of over 100 potentially relevant
papers for inclusion criteria, as well as all the papers included
in the first review. Finally, the bibliographies of all retrieved
articles were manually searched to identify further studies,
which lead to the inclusion of four more studies. Multiple
papers from the same study were included if they met the
eligibility criteria. Our search produced 71 new papers in
total for this review, of which 41 were published from 1998
to June 2001.

Summary of effect (Box 17.1)

We used relative risks, where available, to summarize the
association between the psychosocial factor and the out-
come, and this included incidence rate ratios, cumulative
incidence ratios, hazard ratios, and odds ratios (occasionally
these were calculated). Unless otherwise stated, we took

Box 17.1
The extent to which the paper supports the hypothesis that
adverse psychosocial characteristics increase risk of, or mor-
tality from, CHD, is summarized in a single symbol (=, O, + or
++). The description of the summary symbols is as follows:
— Relative risk <075
“finding counter to hypothesis”
Example: One SD increase on the Bortner type A
behavior scale was protective for risk of mortality post
MI (RR = 0-70, 95% C10-561-0-96)'®
0 Relative risk 0:75—1-50
“lack of clear association”
Example: Low social support was unrelated to risk of
fatal CHD (RR = 1:42, 95% CI0:72-2:81) or risk of
non-fatal MI (RR = 1-00, 95% C|0-58—1-71)"°
+  Relative risk =150 and <2-00
“moderate association in line with hypothesis”
Example: Depression increased risk for fatal and non-
fatal MI (RR =1-70, 95% Cl 1:23-2:34)'°
++ Relative risk =2:00
“strong association in line with hypothesis”
Example: Job strain substantially increased the
risk of fatal CHD and non-fatal CHD (RR =495,
P value = 0-03)2°

relative risks comparing the top (highest risk) versus bottom
(lowest risk) category of exposure and statistical significance
was inferred at P value of =0-05, and, unlike the earlier
review, we report confidence intervals (CI). Where several
effect estimates were reported, we took the most highly
adjusted estimate, but avoided effect estimates that adjusted
for other psychosocial factors, as this may reflect overadjust-
ment. Effect estimates were reported separately for men and
women and for different outcomes, data allowing.

Number of citations per paper

In order to explore the extent to which the scientific
influence of each study might relate to the degree of study
positivity, we recorded the number of times that each paper
was cited as of September 2001 using the Science Citation
Index. From this the mean number of citations across
studies by the strength of the reported association was
calculated separately for different years of publication.

Results

Type A behavior pattern (TABP) and hostility
(Table 17.1)

TABP is a personality trait characterized by hard driving and
competitive behavior, excessive job involvement, impa-
tience, hostility, and vigorous speech stylistics and psycho-
motor activity. Early positive findings for the effect of TABP
on CHD risk, reported by the Western Collaborative
Group’s Study and the Framingham Study,?'~23 led to the
National Institutes of Health declaring type A to be an inde-
pendent risk factor for CHD and to the implementation of
intervention trials.?* As more data accumulated, however,
the early positive findings were not confirmed and interest
grew in hostility as the toxic component of TABP.

In the current review 18 etiologic studies were included.
As mentioned above, the three early studies provided mod-
erate support for the hypothesis,2!=23 although two of these
studies were published from the Western Collaborative
Group Study,?!?2 and this association disappeared with
extended follow up.?> Subsequently, 12 studies that did not
show a clear effect were published, including two very large
studies (MRFIT?® and the Scottish Heart Health Study®’),
one of which showed evidence for a protective effect of
TABP on CHD risk in women.?’ Last, the three smallest
studies strongly supported the hypothesis,'??%%° although
for one the association was found only in women?® and for
the other only with respect to angina incidence.??

For the prognostic studies, 10 were not supportive of
the underlying hypothesis that TABP worsened prognosis
in patients with CHD. Three studies actually showed a
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significantly protective effect of TABP on prognosis after
CHD, one of which was the Western Collaborative Group
Study,® although for the Framingham Heart Study the
effect was limited to men.3! There was only one small study
that showed a strong effect of hostility on prognosis, and
one study that showed a moderate increase in sudden car-
diac death among patients post-MI with TABP. Therefore
there was little overall support for an association between
TABP and CHD risk, nor was there evidence, as had been
hypothesized, that hostility alone predicted CHD.

Depression (Table 17.2)

The association between depression and CHD has attracted
a great deal of research interest in recent years, with
20 studies published from 1998 to 2001 meeting our
inclusion criteria. Depression, and anxiety (Table 17.3), dif-
fer from the other psychosocial factors reported here, since
they are defined psychiatric disorders and are amenable to
drug intervention. Furthermore, depression is a frequent
result of CHD and, moreover, depression and CHD may
share a common antecedent (for example, social support or
environmental stressors), so that elucidation of the cause
and effect association becomes particularly difficult.

Table 17.2 shows the results from the 22 prospective
studies that investigated the role of depression in the etiol-
ogy of CHD. Eight of these studies found a lack of clear
association, five studies were moderately and four studies
were strongly supportive of the hypothesis. The remaining
five studies all reported strong effects of depression on
CHD incidence limited to men,3*33 angina incidence3* or
major depression.® Interestingly, the three studies that sep-
arated angina from other outcomes reported stronger effects
of depression on angina,>* 3¢ suggesting the existence of
reporting bias as angina is the CHD event least amenable to
objective corroboration. Both studies that focused on the
degree of depression found that risk of CHD was higher
among people seriously depressed than among those who
were only moderately depressed,*® suggesting a dose-
response association.

There were 34 studies that investigated the effect of
depression on prognosis for patients with CHD. Of these
studies 16 found a lack of clear association, seven were
moderately supportive, and 11 were strongly supportive
studies. There was, therefore, no evidence that the associa-
tion between depression and events differed between prog-
nostic and etiologic studies, although where associations
were observed they were generally of greater magnitude for
the prognostic studies. It is of note that for several prognos-
tic studies depression is predictive of prognosis in the unad-
justed analyses, but adjusting for traditional coronary risk
factors and markers of disease severity explained much of
the relationship, hence the association between depression
and prognosis might be mediated by lifestyle factors, disease

severity, and pharmacologic interventions. Five studies
looked separately at the effect of moderate and severe
depression on prognosis; one found a lack of clear associa-
tion,? three showed a higher risk among patients with
major depression,>!'4!> and the last found a lower risk of
fatal CHD in patients with major depression compared to
those with depressive symptoms.3®

Anxiety and distress (Table 17.3)

Of the eight etiologic studies identified, four studies showed
a lack of clear effect. Two papers, both published from the
[sraeli civil servant cohort, reported strong or moderate
association between anxiety and the incidence of
angina.3**" The remaining two studies gave evidence for an
association between phobic anxiety and fatal CHD, but did
not show a clear effect on non-fatal CHD or of free-floating
anxiety.*1*? Furthermore, the studies with longer follow up
were less likely to find a positive association than the studies
with less extended follow up. This is exemplified by the
Northwick Park Heart Study where the association between
anxiety and fatal CHD found after 10 years of follow up,*!
disappeared when the follow up was extended by another
decade.*® Hence, anxiety may be a result of preclinical CHD
rather than a cause of fatal CHD.

Of the 18 prognostic studies, half found a lack of clear
association and one reported results significantly contrary to
the hypothesis. Four studies showed a strong association
between anxiety and prognosis and the remaining four
studies showed moderate support for an association, either
in the entire group or in relation to a specific subgroup,
exposure or outcome.

Psychosocial work characteristics (Table 17.4)

The Delief that stress at work has a deleterious effect on
health is common among the general public. To combat the
lack of precision in defining job stress, various constructs
have been made to explain how the interaction between
a worker and the job environment causes stress, and how
this affects health. The Karasek and Theorell “job strain”
model**® proposes that high demands at work (the need to
work quickly and hard), in combination with low job con-
trol, produces stress. Thus, workers cannot moderate the
pressure caused by high job demands by organizing their
time, making new decisions or learning new skills, and this
stress has deleterious effects on health. Another model for
psychosocial work characteristics is Siegrist’s effort-reward
imbalance model.*® Here the mismatch between high work-
load and low payback (in terms of money, esteem, promo-
tion prospects, and job security) produces a condition of
emotional distress, which increases risk for CHD.

Despite these models, work characteristics have been
measured with a lesser degree of standardization than, for
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instance, depression and anxiety. Because of the lack of con-
sistency in measuring psychosocial work characteristics, it
was difficult to compare the strength of evidence for the two
theoretical models — a challenge when evaluating this litera-
ture and for future researchers. Moreover, work characteris-
tics can be measured either through self-report or ecologic
measurements (assigning a score on the basis of job title).
Self-reports may be biased by early manifestations of disease,
and ecologic measurements may lack precision.

There were 13 etiologic studies investigating the effect of
work characteristics on CHD that were included in this
review. Of these, three studies found a lack of clear associa-
tion between work characteristics and CHD, and five were
either moderately supportive, or supportive only for a subset
of the population, a particular outcome, or a particular expo-
sure. The final five papers showed strong evidence for an
effect of work stress on CHD incidence, although in three of
these studies the effect was limited either to particular psy-
chosocial work characteristics or to women. There is some
evidence that CHD incidence was more closely related to
individually, rather than ecologically, measured work char-
acteristics. This could suggest either that there is more non-
differential misclassification, and therefore bias towards the
null, for ecologic than individual measures, or that preclini-
cal CHD influences subjective reporting of work characteris-
tics. Of the four prognostic studies, two found a lack of clear
association between work characteristics and prognosis, and
two were moderately supportive of an association.

Social support (Table 17.5)

Social supports and networks relate to both the number
and quality of a person’s social contacts, and this includes
emotional and confiding support. Social relationships may
improve health through the emotional and instrumental sup-
port they provide; friends and family may encourage health-
seeking behavior and discourage an unhealthy lifestyle.
Furthermore, isolation itself may induce an unfavorable men-
tal state, and conversely the presence of social contacts could
reduce physiologic arousal and buffer the effect of environ-
mental stressors. Reverse causation cannot be discounted:
lack of social participation could be the result of subclinical
coronary disease. Despite the interest in social support, there
is little consensus on how it is measured, therefore variables
ranging from “high love and support from wife”, to “social
network index” to “social isolation” were included.

Nine studies were included that used social support as
the etiologic agent. Three studies showed no clear associa-
tion, including the Health Professionals Follow-up Study.!”
Four studies, using a range of different measures of social
support, were moderately supportive of the hypothesis that
social support is etiologically linked to CHD. Finally, two
studies were strongly supportive of an association between
social support and risk of CHD.

Of the 21 prognostic studies, 10 were strongly supportive
of the hypothesis, four were moderately supportive and
seven showed no consistent effect. The strongly supportive
studies included one of the largest studies*’ and two with
extended follow up,**® and they were generally highly
adjusted for potential confounders, including lifestyle behav-
iors and indicators of disease severity. The stronger effect of
social support on prognosis for people with CHD than on
risk for CHD could potentially be explained if patients with
CHD with high levels of social support are better taken care
of or are more likely to seek medical care.

Modification of psychosocial factors

What are the implications of these findings for cardiologic
practice? Box 17.2 summarizes the main points. When
judged on the criteria used for drug interventions, the evi-
dence for psychosocial intervention supports “options to be
considered” rather than firm recommendations. There are
two ways in which such criteria may not be entirely appro-
priate when psychosocial factors are considered. First,
psychosocial interventions — unlike drug and invasive inter-
ventions — have few if any adverse effects (and may be less
costly). Second, psychosocial factors may be interrelated
and the quest for a single “toxic component” on which to
intervene may not be as fruitful as in the case of, say, serum
cholesterol. Few studies have investigated this interrelated-
ness; instead researchers have tended to emphasize one
factor over others.

Box 17.2

Implications for cardiologic practice: options to consider

e  Psychosocial components of cardiac rehabilitation (B/C)

o Detect and treat depression in CHD patients (B/C)

e Mobilize social support (B/C)

e Use socioeconomic status and psychosocial factors to
risk-stratify patients (B/C)

A, strong evidence
(at least one well-designed RCT or effects strong and
consistent across observational studies)

B, moderate evidence
(RCT[s] suggest effect despite methodological concerns
or observational studies suggest an effect but conflicting
data or observational studies alone)

C, limited evidence
(published research evidence available but not B or C)

A meta-analysis of randomized controlled trials (RCT) by
Linden and colleagues® has suggested that psychosocial
interventions are associated with a 41% reduction in mortal-
ity and a 46% reduction in non-fatal events in the first
2 years of follow up after MI. These RCTs — overwhelmingly
in secondary prevention — have tended to be small, without
prolonged follow up, and they have involved a diverse range
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of interventions (relaxation, stress management, counsel-
ing), differing in duration and professional setting. Separate
analyses including the larger but nonrandomized Recurrent
Coronary Prevention Project®® should be viewed with
caution.

An appealing target for intervention among post-MI
patients is low social support and depression. Information
on patients’ families, friends, and colleagues is commonly
available to clinicians, and this may help to risk-stratify the
patient. Might improved detection and treatment of depres-
sion among CHD patients improve outcome? Frasure-
Smith°! randomized 453 male post-MI survivors to monthly
monitoring of minor psychiatric morbidity (general health
questionnaire) or usual care. The stress management inter-
vention was given to participants whose psychiatric morbid-
ity rose above a critical level; at 1 year the mortality was
4-4% in the intervention group and 8-9% in the control
group (P = 0-05).

However, despite this positive trial there have been three
large randomized trials that have failed to show improved
survival associated with psychosocial interventions among
post-MI patients. In Wales, a large RCT of psychologic
rehabilitation post-MI found no difference in anxiety and
depression, and this may in part explain the lack of effect on
mortality.>? The Montreal Heart Attack Readjustment Trial
randomized 903 men and 473 women to psychosocial sup-
port or usual care.>> Among men there was no difference in
cardiac or all-cause mortality between the intervention and
control groups. By contrast, among women there was an
excess of cardiac deaths among the intervention group
(22/234) compared with the control group (12/239) (P =
0-06). The reason for this finding — in the opposite direction
to that hypothesized — awaits elucidation. A multicenter
trial of 3000 patients after MI (ENRICHD — enhancing
recovery in CHD) has recently been completed in the
USA.>* This trial targeted patients at high psychosocial risk
(those who were depressed or socially isolated) and
included large numbers of women and ethnic minorities.
The results, reported at the American Heart Association in
November 2001, suggest no survival benefit of the interven-
tion of cognitive behavioral therapy.

Some trials investigated the contribution of psychosocial
intervention in addition to conventional rehabilitation or
other lifestyle advice post-MI. Thus, for example, Ornish>®
randomized 53 patients with coronary artery disease (CAD)
to stress management, low fat diet, smoking cessation, and
moderate exercise, and 43 patients to usual care. However,
only 28 patients in the experimental group and 20 patients
in the control group agreed to take part — a potential source
of selection bias. Although quantitative coronary angiogra-
phy demonstrated regression of CAD in 82% of the experi-
mental group at 12 month follow up, it is not possible to
attribute this to the stress management or any other compo-
nent of the intervention.

The potential for primary prevention in relation to psy-
chosocial factors clearly lies outside the remit of cardiolo-
gists. Psychosocial factors themselves are determined largely
by social, political, and economic factors and it is therefore
policymakers who influence the structure and function of
communities — in the public and private domains — who
may have scope for primary prevention.

Challenges in improving this systematic review

Much of the literature used for this review was based on
secondary analyses of data collected for other primary pur-
poses; only a minority of studies were set up to investigate
psychosocial factors in relation to CHD. A comparison with
the systematic review of randomized trials is informative.
Unlike trials, few, if any, studies reported in our review had
published their hypotheses detailing primary exposure,
confounder, and outcome relationships prior to reporting
results. This is of concern given the possibility of multiple
comparisons between numerous psychosocial variables and
CHD outcomes within one study. Unlike the situation with
randomized trials, there is no register of studies that are test-
ing or could test psychosocial hypotheses. Such a register
provides a “denominator of hypotheses”, which can then be
tracked through the stages of analysis, manuscript prepara-
tion, submission, publication, and scientific impact, to deter-
mine the extent of any bias.

Study size could potentially influence the likelihood of
achieving a strongly positive result. This effect was investi-
gated by calculating the mean number of study participants
in studies reporting null or negative, moderate or strong
associations in line with the hypothesis, separately for each
psychosocial factor. In etiologic studies on depression, the
mean number of participants per study was largest for those
studies that reported a moderate (n = 8805) compared to
those reporting a strong (n = 2993) or null/negative (n =
3780) association. This pattern was the same for etiologic
studies on anxiety (null/negative: 1577; moderate: 11 345;
strong: 8538) and work characteristics (null/negative:
3060; moderate: 139 496; strong: 5466). However, for type
A behavior (null/negative: 5521; moderate: 1919; strong:
1305) and social support (null/negative: 13 009; moderate:
6700; strong: 2730), the largest studies were more likely to
show null or negative results. This supports the argument
that depression, anxiety, and work characteristics are pre-
dictive of CHD occurrence, whereas for type A behavior
and social support the associations are produced by the bias-
ing effect of study size. The patterns for depression and
social support, but not type A behavior, anxiety, or work
characteristics, were similar among prognostic studies.

Furthermore, a number of psychosocial factors
were examined in only a small number of studies, and
these included anger, aggression, cynicism, dominance,

212



Psychosocial factors in the primary and secondary prevention of CHD

Table 176 Summary of prospective studies investigating psychosocial factors and CHD

Number of reports of etiological

studies (n =70)

Number of reports of prognostic
studies (n =92)

= 0
Type A behavior/hostility 1 11
Depression 0 8
Anxiety 0 4
Work characteristics 0 3
Social support 0 3

~rOl— OO 4

++ - 0 + ++
1 3 10 1 1
9 0 16 7 11
3 1 9 4 4
5 0 2 2 0
2 0 7 4 10

— finding counter to hypothesis; 0,lack of clear association; +,moderate association (RR=1-60 and <2-00); ++, strong

association (RR = 2:00)

hopelessness, neurosis, submissiveness, and vital exhaus-
tion.%18,23,34,48,56-79 These Jess commonly used psychoso-
cial factors tended to report strong associations with the
etiology and prognosis of CHD, which is consistent with
a role for publication bias.

A further bias may occur after publication. Positive stud-
ies may be more influential than studies in which there is a
lack of clear association. We attempted to evaluate the effect
of such an influence bias, using the number of citations on
the Science Citation Index. Figure 17.1 suggests that the
frequency of citation was highest for strongly positive stud-
ies, intermediate for moderately positive studies and lowest
for those lacking a clear association. In the first period of
assessment, studies not showing a clear association were
cited most frequently, and this result is strongly influenced
by the high frequency of citing the two major null studies on
the TABP-CHD association.?®% This suggests that selective
citing of positive studies, rather than using systematic
reviews, may be used in specifying hypotheses. Moreovet,
it is clear from the tables that multiple reporting of results
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Figure 171 The association between the size of the effect
estimate and number of citations: an indicator of influence bias

from the same study is an important issue and that it is
not always apparent that the same study has been used for
several papers. This further increases the opportunity for
influence bias.

Conclusion

Our systematic review of prospective studies published
up until 2001 identified 70 reports of etiologic effects and
92 reports of prognostic effects by psychosocial factors
(Table 17.6). Based on prospective epidemiologic data, there
was evidence for an association between depression, social
support, and psychosocial work characteristics with CHD
etiology and prognosis. However, the randomized trial data
suggesting that psychosocial interventions reduce mortality
post-MI are conflicting: three large trials to date have been
negative. The field of psychosocial factors and CHD has
grown over the last decade: a key challenge in terms of car-
diologic practice in the next decade is to clarify the role, if
any, of psychosocial factors in secondary prevention.

We should be grateful for information on any eligible stud-
ies that we may have missed.
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Emerging approaches in
cardiovascular prevention

Eva M Lonn, Marek Smieja, Salim Yusuf

Introduction

Reductions in cholesterol and blood pressure, and smoking
cessation, have been shown to be effective strategies in the
prevention of cardiovascular diseases (CVD).! However,
these “classic” risk factors, along with known non-modifiable
risk factors, such as age, gender, and family history, may not
fully explain why certain individuals develop myocardial
infarction (MI) and stroke, while others do not.?

These observations suggest that factors other than known
risk factors for CVD play an important role in the pathogene-
sis of coronary heart disease (CHD) and stroke and that new
preventive therapies aimed at modifying these new risk fac-
tors may be additionally useful. In this chapter, we will review
a number of emerging risk factors and potential new preven-
tive strategies. In particular, we will review the evidence for:

e The potential role for oxidation of low density lipopro-
tein (LDL) in atherogenesis and the use of antioxidants
in CV prevention.

e The activation of neurohormonal pathways, particularly
the renin—angiotensin axis and its modification by
angiotensin-converting enzyme (ACE) inhibitors in
high-risk groups.

e Hyperhomocysteinemia and its modification by folic acid.

e Inflammation and infection and the potential therapeu-
tic use of anti-inflammatory and anti-infectious agents.

Other chapters in this book deal with dysglycemia, estro-
gens, and psychosocial factors.

Oxidative stress and use of antioxidants in
cardiovascular prevention

Pathophysiology and biologic rationale

Oxidative modification of LDL cholesterol is an important
step in the pathogenesis of atherosclerosis.>* Oxidized LDL
is potentially more atherogenic than native LDL. It is recog-
nized and rapidly taken up by “scavenger” macrophage
receptors, giving rise to foam cells; it is directly cytotoxic for
endothelial cells and attracts further macrophages to the
subintima; it stimulates vascular smooth muscle prolifera-
tion and autoantibody formation; and contributes to

increased vascular tone and coagulability. Experimental
studies in vitro as well as in vivo in different animal models
of atherosclerosis suggest that antioxidants could decrease
or prevent LDL oxidation and inhibit atherosclerosis.>

Epidemiology and randomized
controlled clinical trials

Epidemiologic studies have generally reported inverse asso-
ciations between intake of various antioxidants and CHD
risk. Most attention thus far has been directed to the study
of naturally occurring antioxidants, particularly vitamin E,
vitamin C, and beta-carotene, although other carotenoids,
flavonoids, selenium, magnesium, and monounsaturated
fatty acids are also found in natural food products and may
reduce LDL oxidation. The major lipid soluble antioxidant
vitamins are vitamin E (alpha-tocopherol), the predominant
antioxidant present in plasma membranes, tissues, and LDL
cholesterol, and beta-carotene, a precursor of vitamin A.
The major water soluble antioxidant vitamin is vitamin C
(ascorbic acid), which can regenerate alpha-tocopherol from
the tocopheroxyl radical form, thus preserving lipophilic
antioxidant within the LDL particles. In addition to foods
rich in antioxidant vitamins, antioxidants are available as
vitamin supplements, generally at doses much higher than
those provided by balanced diets.

A number of epidemiologic studies suggest an inverse
association between dietary intake of vegetables and fruits,
which are generally rich in antioxidants, and CV risk.>>0 It
is unclear, however, which component of these dietary
products might be cardioprotective. In addition, a number
of cross-sectional geographic correlation studies suggest a
strong inverse association between CHD prevalence and the
use of diets rich in antioxidants.” Large prospective cohort
studies have evaluated associations between dietary and/or
supplemental antioxidant vitamins and CV risk, and large
randomized controlled studies have assessed the role of
vitamin supplements in CV prevention.

Vitamin E

Vitamin E supplements, most of which contain 200-800IU,
lead to intake far greater than the Recommended Daily
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Allowance (RDA) of 301U and well beyond those attainable
by diets. Large prospective epidemiological studies such as
the US Nurses’ Health Study and the US Male Health
Professionals’ Study suggested that the use of vitamin E
supplements for two or more years, most commonly at
doses of 200—4001U per day, is associated with a 20-40%
lower risk of CHD.2"! However, other studies identified
vitamin E from food sources (but not supplements) to be
potentially cardioprotective, although in these studies sup-
plemental vitamin E use was low.!!:12

In contrast to the epidemiological studies, most random-
ized clinical trials conducted to date have failed to confirm
benefit. A recent randomized trial evaluated the effects
of vitamin E on the anatomic progression of carotid athero-
sclerotic vascular disease. The Study to Evaluate Carotid

Ultrasound Changes with Ramipril and Vitamin E (SECURE),
conducted in 732 middle-aged and elderly patients with vas-
cular disease, found supplementation with natural source
vitamin E (RRR-alpha-tocopherol acetate) 400 [U/day to have
a neutral effect on the rate of progression of carotid intimal-
medial thickness (IMT).!® Six large randomized placebo-
controlled trials of vitamin E supplementation with major
CV morbidity and mortality end points have been com-
pleted (Table 18.1). These trials have evaluated different
populations, comprising both low-risk individuals targeted
for primary prevention,'#!® and high-risk patients with coro-
nary and/or other vascular disease!®™'” and have used dif-
ferent vitamin E preparations and doses. These trials have
generally failed to demonstrate a beneficial role for the use of
vitamin E supplements both in primary and secondary CV

Table 18.1 Large (>1000 subjects) randomized trials of vitamin E
Trial Study Follow up Daily Outcomes Relative risk
participants (yr) vitamin E reduction (%)
dose (95% CI)
ATBC'# 29 133 male 61 50mg All-cause —9b (~9-5)
smokers in death
Finland CV death 2(—8-11)
BRI 4495 people 36 300mg CV death, —7 (—56-26)
with risk non-fatal M| and
factor(s) for non-fatal stroke
CHD in ltaly All-cause —7 (—49-23)
death
ATBC'6a 1862 men 61 50 mg CHD death and 3 (—19-20)
with previous MI non-fatal Ml
Non-fatal Ml 11 (—20-33)
CHD death —5 (—37-20)
CHAOS'” 2002 patients 1-4 8001U/ Non-fatal Ml 77 (53-89)
with CHD in 400 U All-cause death —929 (—119-24)
the UK CV death —10 (—96-39)
GISsI'e 11324 35 300mg All-cause death, 5 (—5-1b)
patients with non-fatal Ml
recent Ml in and non-fatal stroke
[taly CV death, 2 (10-13)
non-fatal M| and
non-fatal stroke
HOPE'® 9541 patients 45 4001U CV death, —5(—16-b)
with CV non-fatal M|
disease or and non-fatal
diabetes with stroke
additional CV death -5 (—22-10)
risk factor(s) Ml —2(—=15-10)
Stroke —17 (—42-5)

2 Substudy of study.'*
®Minus sign indicates an increased risk.

Abbreviations: ATBC, Alpha-tocopherol, Beta-carotene Cancer Prevention Study; CHAOS, Cambridge Heart
AntiOxidant Study; GISSI, GISSI Prevenzione Trial; HOPE, Heart Outcomes Prevention Evaluation Study; PPP,

Primary Prevention Project

220



Approaches in cardiovascular prevention

prevention and therefore the widespread use of this inter-
vention cannot be endorsed, especially if perceived as a
“replacement” for proven, effective preventive lifestyle mod-
ifications and pharmacological therapies.

The Secondary Prevention with Antioxidants in Endstage
renal disease (SPACE) trial was a randomized placebo-
controlled trial of 196 hemodialysis patients with pre-existing
CV disease.?’ Patients in the vitamin E arm had a 54% rela-
tive risk reduction (95% CI 22-72; P=0-014) in the pri-
mary study end point, the composite of fatal or non-fatal MI,
ischemic stroke, peripheral vascular disease, and unstable
angina. This relatively small trial conducted in a very high-
risk population requires further confirmation.

Table 18.2 Large randomized trials of beta-carotene

Beta-carotene

Large prospective epidemiologic cohort studies suggest an
inverse association between beta-carotene intake (derived
from nutritional sources and vitamin supplements) and CV
risk in men, particularly current or former smokers,® 122!
but not in women. Several large, long-term, well-designed
randomized trials of beta-carotene in primary prevention
have consistently failed to show benefit from beta-carotene,
in the prevention of both CVD and cancer (Table 18.2).
Furthermore, concern about an increased risk of cancer was
present in some investigations. In a subset of patients with
previous MI (secondary prevention) enrolled in the ATBC
trial there was overall no CV benefit in subjects randomized

Trial Study Follow up Beta-carotene Outcome Relative risk reduction (%)
participants (yr) dose (95% CI)
ATBC'# 29 133 male 61 20 mg/day All-cause death —9° (=17 to —2)
smokers in
Finland
CV death —11(=23-1)
Death from cancer —9(—23-3)
New lung cancer —18(—36to —31)
CARET%2 18314 male 4.0 30 mg/day? All-cause death —17 (—33-3)
smokers, former
smokers and
workers
exposed to
asbestos in the
United States
CV death —26 (—61-1)
Death from cancer —46(—100to —7)
New lung cancer —28 (=57 to —4)
PHS23 22071 male 120 50 mg/ All-cause death —2(=11-7)
physicians in alternate days
the United
States
CV death —9(=27-7)
Death from cancer —2(—18-11)
New lung cancer 7 (—27-392)
Ml 4 (—9-16)
Stroke 4 (=11-17)
SCPSs?! 1188 men and 82 50 mg/day All-cause death —3(—=30-17)
532 women in
the United
States
CV death —16 (—64-18)
Death from cancer 17 (—29-56)

2Patients randomized to beta-carotene also received 25000 U/day of retinol (vitamin A).
®Minus sign indicates an increased risk.

Abbreviations: ATBC, Alpha-tocopherol, Beta-carotene Cancer Prevention Study; CARET, B-Carotene and Retinol Efficacy Trial;

PHS, Physicians’ Health Study; SCPS, Skin Cancer Prevention Study
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to treatment with beta-carotene. A small increase in the risk
of fatal CHD was noted in the beta-carotene group.

Vitamin C

The epidemiological studies evaluating the supplemental use
of vitamin C are not very persuasive. The National Health
and Nutrition Examination Survey (NHANES) prospectively
evaluated 11348 US adults and found a 34% lower standard-
ized mortality ratio (95% CI 18-1-47-1) among subjects who
received 50 mg of vitamin C per day by diet or vitamin supple-
ments compared with those who received less vitamin C.2*
The study did, however, not correct for supplemental
vitamin E use. Most other prospective data have not clearly
identified vitamin C as a significant cardioprotective agent.
Overall, the epidemiological data evaluating vitamin C and
CVD have significant inconsistencies and a number of large
prospective epidemiologic studies, after adjusting for other
risk factors and for use of other antioxidant vitamins, failed
to identify vitamin C use to be independently associated with
lower cardiovascular risk.!?

There have been no large randomized clinical trials of
vitamin C supplementation. Three relatively small random-
ized trials performed in elderly patients failed to demon-
strate beneficial effects of vitamin C supplementation.?>%’

Clinical trials using combined
antioxidant vitamins

[t was suggested that combined antioxidant vitamin therapy
might be more effective than the use of individual vitamins
alone. The Antioxidant Supplementation in Atherosclerosis
Prevention (ASAP) study reported that combined vitamin E
and C supplementation caused a significant reduction in
carotid IMT progression in men, with no benefit in
women.?® The HDL-Atherosclerosis Treatment Study
(HATS), however, found that the addition of antioxidant
vitamins (daily administration of 800 U vitamin E, 1000 mg
vitamin C, 25mg beta-carotene and 100g selenium)
decreased HDL,-cholesterol levels and tended to diminish
the benefits achieved with simvastatin and niacin alone,
both on the anatomic progression of coronary lesions and
on clinical outcomes.?’ A large primary prevention trial
conducted in China reported a marginally significant reduc-
tion in total mortality (RR,9%; 95% CI 0-70) for a
combination of daily vitamin E 30 mg, beta-carotene 15 mg,
ascorbic acid 120mg, selenium 50g, as well as other
micronutrients (retinol, zinc, molybdenum, and niacin),
with a trend towards reduced CV mortality (RR, 9%; 95% CI
—8-24).%° The generalizability of this study to Western and
other populations with very different diets remains
uncertain. The Heart Protection Study randomized
20536 British patients with CVD, diabetes or treated
hypertension to simvastatin (40mg/day) or matching

placebo and to antioxidant vitamins — 600 mg vitamin E,
250mg vitamin C and 20mg beta-carotene daily — or
matching placebo using a 2X2 factorial design. Treatment
with antioxidant vitamins resulted in a neutral effect on all
study outcomes.3!

Clinical trials using other antioxidants

Probucol is a lipid lowering agent, which reduces low den-
sity lipoprotein (LDL) but also lowers high density lipopro-
tein (HDL) and has been shown to be a potent antioxidant in
a number of experimental studies. The Probucol Quan-
titative Regression Swedish Trial (PQRST) in 274 hyper-
cholesterolemic subjects failed, however, to reveal any
benefit in the progression of femoral atherosclerosis.* This
lack of benefit from probucol may be related to the significant
reduction in HDL cholesterol (by 24%) in patients treated
with probucol, compared with those in the placebo group.
A small study found that probucol reduced the rate of resteno-
sis after balloon angioplasty in small coronary arteries.>

Antioxidants: conclusions and
recommendations

Antioxidant vitamin supplements do not reduce CVD
events. Grade A

Renin-angiotensin axis and impact of
angiotensin-converting enzyme
(ACE) inhibitors

Pathophysiology and biologic rationale

Experimental and human studies suggest that ACE inhibitors
may reduce CV risk through both cardioprotective and
vasculoprotective effects mediated by blocking both circulat-
ing and tissue renin—angiotensin systems, as well as by
bradykinin potentiation.3* ACE inhibitors are antiprolifera-
tive, have antimigratory effects on smooth muscle cells,
increase nitric oxide bioavailability, restore endothelial-medi-
ated vascular reactivity, are potent antioxidants and have
antithrombotic action by decreasing platelet aggregation and
enhancing endogenous fibrinolysis.3* A possible link
between the activation of the renin—angiotensin system and
CV risk is supported also by some, although not all, epi-
demiological and genetic studies.>>8

Randomized clinical trials

ACE inhibitors are effective agents in the management of
hypertension and heart failure. Clinical trials in patients
with low left ventricular ejection fraction with or without
heart failure had unexpectedly demonstrated significant
reductions in the risk of MI in patients receiving long-term
ACE inhibitor therapy.3%-4!
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More recently, the impact of ACE inhibitor therapy
in patients without hypertension and without heart failure
or low left ventricular ejection fraction has been evaluated.
Several mechanistic studies have evaluated the effects
of ACE inhibitors on surrogate outcomes. These studies
demonstrate a wide range of blood pressure-independent
benefits of ACE inhibitor therapy, including: (a) improved
endothelial function, resulting in vasodilation in the coronary
and brachial circulation,*? and in enhanced endogenous
fibrinolysis;*® (b) retardation in the anatomic progression
of atherosclerosis, shown in some but not all trials;'® and
(c) improvement in myocardial function and structure.**

The most persuasive evidence for the beneficial effect of
long-term ACE inhibitor therapy in high-risk patients without
heart failure and/or low left ventricular ejection fraction and
with or without hypertension, has been provided by the
Heart Outcomes Prevention Evaluation (HOPE) trial.*> This
trial enrolled 9297 patients aged 55 years or older with coro-
nary artery disease, peripheral arterial disease or prior stroke,
or diabetes with additional risk factors. Treatment with the
ACE inhibitor ramipril titrated up to 10 mg daily resulted in a
highly significant 22% reduction in the composite primary
end point of myocardial infarction, stroke or death from car-
diovascular causes (Table 18.3; Figure 18.1). In addition, the
risk of stroke, myocardial infarction, need for revasculariza-
tion procedures, heart failure and the development of
diabetes were significantly decreased. In the 3577 patients
with diabetes, ramipril significantly reduced the risk of
the composite primary outcome by 25% (95% CI 12-36;
P=0-0004), myocardial infarction by 22%, stroke by 33%,
CV death by 37%, all-cause death by 24%, revascularizations
by 17%, and overt nephropathy by 24%.% These effects
were attained with only a modest reduction in blood pres-
sure (3mmHg reduction in systolic and 1-8 mmHg in dias-
tolic blood pressure) in patients already treated with a variety
of cardioprotective, blood pressure lowering and anti-
ischemic medications, suggesting that the treatment benefit
was largely independent of blood pressure lowering,

Table 18.3 Effect of ramipril on major CV outcomes in
the HOPE trial

Relative risk P

reduction (%)

(95% CI)
Myocardial infarction, 292 (14-30) <0-0001

stroke or CV death

Myocardial infarction 20 (10-30) <0:0001
Stroke 32 (16-44) <0:0001
CV death 26 (13-36) <0:0001
Revascularization 15 (6-23) 0002
Heart failure 23 (13-33) <0:001
New diabetes 34 (15-49) <0-001

0-204 — Ramipril
------ Placebo

& 0151
© RR=0-78 (0-70-0-86) .
5 P=0-000001 .
2 0-10-
<
K
Q.
8 0.054

0-00+

0 500 1000 1500
Days of follow up
Figure 18.1 Effect of ramipril on the composite primary out-
come of myocardial infarction, stroke and death from cardiovas-
cular causes in the HOPE trial. The relative risk of the composite
primary outcome in the ramipril group as compared to the

placebo group was 078 (95% CI 0:70-0-86). (Reproduced with
permission from the New England Journal of Medicine*®)

The efficacy of a long-term ACE inhibitor-based therapeutic
strategy was shown also in the Perindopril pROtection aGainst
Recurrent Stroke Study (PROGESS) conducted in 6105
patients with prior stroke or transient ischemic attack. Patients
treated with perindopril with or without the addition of inda-
pamide had a 28% reduction in the risk of recurrent stroke
and a 26% reduction in the risk of major vascular events.*’

Ongoing large randomized clinical trials are further evalu-
ating the use of ACE inhibitors in patients with CHD with pre-
served left ventricular systolic function, the combined use of
ACE inhibitors and angiotensin receptor blockers and the use
of angiotensin receptor blockers in ACE-intolerant individuals.

ACE inhibitors: conclusions and
recommendations

ACE inhibitors are effective in the prevention of major CV
events and death in a wide range of patients with vascular
disease or diabetes and additional risk factors. In addition,
ACE inhibitors are effective in the management of hyperten-
sion, heart failure, asymptomatic left ventricular dysfunction
and acute myocardial infarction and should be used consis-
tently in these broad categories of patients with vascular
disease. Grade A

Homocysteine and vascular disease

Pathophysiology and biologic rationale

Homocysteine is a sulfur-containing amino acid produced
during catabolism of the essential amino acid methionine. It
can be irreversibly degraded by cystathionine-beta-synthase,
a process requiring vitamin By as a cofactor. Alternatively,
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homocysteine can be remethylated to conserve methionine in
a process requiring methionine synthase and methylcobal-
amin (vitamin By,) as a cofactor and methyl-tetrahydrofolate
reductase (MTHEFR) as a cosubstrate. This metabolic pathway
requires an adequate supply of folate and the enzyme
MTHER. Genetic and acquired abnormalities in the function
of these enzymes or deficiencies in folate or vitamin B4 or By,
cofactors can therefore lead to elevated concentrations of
intracellular homocysteine, which is then released to the
plasma. Very high levels of plasma homocysteine lead to
homocystinuria, which is caused by the rare homozygous defi-
ciency of cystathionine-beta-synthase or the even more infre-
quent homozygous deficiency in MTHFR or defects in
cobalamin metabolism. These distinct genetic abnormalities,
which share very high levels of plasma homocysteine, have
typical clinical manifestations, including severe premature
atherosclerotic and thromboembolic disease. Histopatho-
logically, this vascular disease is characterized by vascular
endothelial injury, vascular smooth muscle cell proliferation,
progressive arterial stenosis, and hemostatic changes
consistent with a prothrombotic state. These findings have
led McCully to formulate the homocysteine theory of
atherosclerosis.*®

More recently, the modest elevation in plasma homocys-
teine levels has been evaluated as a potential CV risk factor.
Such “modest” elevations in plasma homocysteine can be
related to genetic, physiologic, pathologic, and nutritional
factors, including MTHFR mutations (for example, thermo-
labile MTHFR), older age, male gender, postmenopausal sta-
tus in women, smoking, sedentary lifestyle, dietary factors
including increased intake of animal proteins which have a
higher methionine content and low intake of folate, vita-
mins Bg, and By ,, renal failure, transplantation, and medica-
tions such as corticosteroids and cyclosporin which have
been associated with hyperhomocysteinemia.*’

Potential mechanisms of atherothrombosis associated
with elevated homocysteine levels include:

@ Endothelial dysfunction related to direct endothelial
cell damage and impaired production of nitric oxide.”®

e Stimulation of smooth muscle cell proliferation.”!

@ Lipid abnormalities, including increased plasma triglyc-
erides and increased susceptibility to oxidation of LDL.>?

® Increased thrombogenicity mediated by promoting the
adherence of platelets and release of platelet-derived
growth factors due to homocysteine-induced endothe-
lial damage, activation of factor V, factor Xa, inhibition
of protein C activation, inhibition of cell surface
expression of thrombomodulin, and decreased tissue
plasminogen activator (tPA) activity.>?

Epidemiology

Several studies have shown associations between the extent
of coronary or carotid atherosclerosis and plasma homocys-
teine levels.*” A large number of cross-sectional and retro-
spective observational studies suggest an association between
elevated homocysteine levels and CV risk. Boushey et al
reviewed the major retrospective epidemiologic investigations
of homocysteine and CVD up to 1995 and found a linear,
independent association between plasma homocysteine con-
centrations and CV risk;>* every 5pmol/l increment in
homocysteine was associated with an increased odds ratio for
CHD of 1-6 for men (95% CI 1-4-1-7) and 1-8 for women
(95% CI 1-3-1-9), of 1.5 for cerebrovascular disease and of
6-8 for peripheral arterial disease.>* Subsequent retrospective
studies have generally confirmed these findings.*’

Several, but not all, large prospective cohort studies
(using generally a nested case—control design) also found an
independent association between hyperhomocysteinemia
and increased CV risk (Table 18.4).

Randomized clinical trials

Homocysteine levels can be easily reduced by supplemen-
tation with folic acid and possibly vitamins Bs and By,, or a
combination of these. These simple, inexpensive and likely
risk-free interventions are currently evaluated in large random-
ized clinical trials. To date there are no completed large

Table 18.4 Large prospective cohort studies of homocysteine and CVD

Study? Subject Subjects Follow Major OR (95% CI)
selection (age in up (yr) end point(s)
years)
Physicians’ Health 14916 men; 271 cases 5 Fatal/non-fatal 34 (1-3-8:8)°
Study physicians, USA 271 controls Ml and CHD
(40-84) death
109 cases 5 Ischemic 12 (0:7-2:0)°
497 controls stroke
333 cases 7-5 Fatal/non-fatal 1.7 (0:9-3:3)"
333 controls Ml and CHD
death
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Table 18.4 Continued

Study? Subject Subjects Follow Major OR (95% ClI)
selection (age in up (yr) end point(s)
years)
149 cases 9 New angina, 10 (0-4-2:4)°
149 controls CABG
British United 21520 men; 299 cases 87 Fatal CHD 2:9 (2:04—4-1)f
Provident United Kingdom 1126 controls
Association Study (35-64)
British Regional 5661 men; 107 cases 12:8 Fatal and non- 2:8 (1:3-5:9)9
Heart Study United Kingdom 118 controls fatal stroke
(40-59)
Nygard et al 587 men and 64 cases 4-6 CHD death 4.5 (1.22-16:6)"
women with
angiographic
CHD; Belgium
(median 62)
Zutphen study 878 men; 162 cases 10 MI 1-81 (1-07-3:08)!
The Netherlands Stroke 461 (1-18-11-89)
(64-84)
Rotterdam study 7983 men and 224 cases 27 Stroke/MlI 2:63 (1:19-5-3b)°
women; 533 controls 2:43 (1:11-5:35)°
The Netherlands
(=5b)
North Karelia 7424 men and 265 cases 9 Fatal/non-fatal Men: 1:05 (0-566—1-95)¢
Project women; Finland 269 controls M, stroke
(40-64) Women: 1-22 (0-66—2-78)¢
Atherosclerosis 15792 men and 232 cases 33 All CHD 1:28 (0-5-3:2)¢
Risk in women; USA 537 controls events
Communities (45-64)
(ARIC) study
Arneson et al 10963 men and 123 cases SHp Fatal and non- 141 (1-16—-1-71)9
10863 women; 492 controls fatal CHD
Norway (12-61)
Multiple Risk 12 866 males; 93 non-fatal 11-17 Non-fatal M, 0-82 (0:65-1-54)
Factor Intervention USA MI cases CHD death
Trial (MRFIT) (35-57) 186 controls
147 CHD
death cases
286 controls
Jerusalem study®® 808 men and 980 192 deaths 9-11 All-cause 1.70 (1-28-2:25)
women; Israel 80 CV deaths death
(=b0) CV death 1-81 (1-19-2-76)!

2The studies listed are referenced in the comprehensive review by Eikelooom et a/*°

®For =95th percentile compared with =10th percentile of homocysteine levels.

¢Highest compared with lowest fifth of total of homocysteine levels.

4=95th percentile compared with <95th percentile of homocysteine levels.
¢ =09bth percentile compared with =75th percentile of total homocysteine levels.

fHighest compared with lowest quartiles of total of homocysteine levels.
9Per 4 wmol/I increment in homosysteine level.
hHomocysteine levels =20 pwmol/I versus <9 wmol/I.

"Highest compared to lowest third of total homocysteine levels.

IMultivariate-adjusted analysis with plasma homocysteine entered as a continuous variable in the model.
Abbreviations: CABG, coronary artery bypass graft surgery; PTCA, percutaneous transluminal coronary angioplasty
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randomized clinical trials of homocysteine lowering therapies.
A number of large randomized clinical trials are ongoing.*°

Homocysteine: conclusions and
recommendations

Although experimental and epidemiologic data are promis-
ing, evidence from ongoing randomized controlled trials is
critical in clarifying the role of homocysteine and of homo-
cysteine lowering therapies in CVD. In the meantime, it
appears prudent to ensure adequate dietary intake of folate
and vitamins By and B;,. Grade B

Inflammation and cardiovascular disease

There is increasing recognition of the involvement of inflam-
mation in human atherosclerosis, although the clinical impli-
cations are unclear. Whether inflammation is a fundamental
part of the process of atherosclerosis or a secondary phenom-
enon has yet to be determined. The destabilization of the
lipid-rich, “vulnerable” thin-capped arterial plaque may
involve activation of peripherally situated macrophages, lead-
ing to platelet activation and thrombosis.”® Chronic athero-
sclerotic lesions are characterized by inflammatory cells,
including lipid laden macrophages and T lymphocytes, and by
inflammatory proteins: endothelial expression of adhesion mol-
ecules such as Intercellular Adhesion Molecule-1 (ICAM-1) or
Vascular Adhesion Molecule-1 (VCAM-1), intralesional local-
ization of C-reactive protein (CRP) or fibrinogen, cytokines
such as interleukin-1 or 6, and chemokines such as inter-
leukin-8.>” Circulating inflammatory molecules provide
prognostic information (“risk markers”), although the repro-
ducibility, validity, and tissue-specificity of many assays have
been poorly defined. Potentially, measurement of these
markers may guide the initiation or withholding of specific
therapies and stimulate the development of novel therapies.*®

C-reactive protein (CRP)

CRP is an acute phase reactant synthesized by the liver on
stimulation by interleukin-6. It is a pentameric protein that
binds bacterial fragments and oxidized LDL, has a long
serum half life, lacks diurnal variability, and has been local-
ized within atheroma.

Elevated serum CRP has been associated with cardiovas-
cular events in primary and secondary prevention cohorts,
and in patients presenting with acute coronary syndromes.
In a meta-analysis of 14 prospective studies, with 2557
cases (mean age of 58 years and mean follow up of 8 years),
CRP concentrations in the highest versus lowest third
were associated with an adjusted relative risk of 2-0 (95%
CI 1-6-2-5) in primary prevention cohorts, and 1-9 (95% CI
1-5-2-3) in secondary prevention cohorts.*

Higher serum CRP concentrations may identify patients
more likely to respond to aspirin or statin therapy. Among
543 cases and matched controls in the Physicians’, Health
Study, aspirin reduced myocardial infarction by 56% among
those with the highest quarter of baseline CRP level, versus
a 14% reduction in those in the lowest quarter.?” In the
CARE®!' and AFCAPS/Texas CAPS®? studies, patients with
high CRP levels benefitted from statin therapy even in the
presence of low to normal LDL cholesterol. Statins lower
CRP concentrations,> and may have anti-inflammatory
properties. The ongoing Pravastatin Inflammation CRP
Evaluation (PRINCE) study is testing the effectiveness of
statin therapy among patients with high CRP levels.** ACE
inhibitors may also decrease inflammation. However, CRP
levels did not predict response to ramipril in the HOPE
study (Smieja et al., 2002, personal communication).

Other inflammatory markers

Two other acute phase reactants, fibrinogen and serum amy-
loid A (SAA), have also been associated with subsequent CV
events. A meta-analysis of 18 prospective studies with 4018
cases found an adjusted relative risk of 1-8 (95% CI 1-6-2-0)
for the top versus the bottom third of plasma fibrinogen con-
centrations.®® In four studies with 1057 cases, SAA was
associated with an RR of 1-6 (95% CI 1-1-2-2) for CV
events.””

The cytokines interleukin-1, tumor necrosis factor-alpha,
and interleukin-6 have been investigated as more “proxi-
mal” components of the inflammatory cascade. These are
localized within atheroma and are likely key mediators in
the induction of acute phase reactants, and in adhesion
molecular expression, and have systemic effects including
stimulation of acute phase reactant production and altering
glucose metabolism. In prospective studies, interleukin-6
was associated with cardiovascular outcomes, but was not
independent of CRP.%

The adhesion molecules ICAM-1 and VCAM-1, and the
selectins E-selectin and P-selectin, play critical roles in
endothelial cell adhesion and transmigration of inflammatory
cells. ICAM-1 may play an important role within atheroma,
but prospective data are limited. In the one prospective study
in which the three were compared, VCAM-1 was superior to
either ICAM-1 or E-selectin among 1246 patients with angio-
graphically proven CAD, and followed for a mean of 3 years
for CV outcomes in the AtheroGene study.®” The highest
quarter of VCAM-1 concentration was associated with an
RR of 2-1 (95% CI 1-1-4-0) for fatal CV events.

Inflammation: conclusions and
recommendations

The role for measuring inflammatory markers is evolving,
with a demonstrated utility of high-sensitivity CRP for risk
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stratification. Whether high CRP levels require treatment,
and whether other inflammatory risk markers should be
measured routinely, is not clear from the available evidence.
Whether these inflammatory molecules play a causal role
in atheroma formation also remains unknown. The benefi-
cial effects of aspirin and of statins in CV prevention may
be mediated in part by their anti-inflammatory actions.
Grade B

Infection and cardiovascular disease

Human atherosclerotic heart or cerebrovascular disease
has been associated with previous exposure to the
bacteria Chlamydia pneumoniae,%° Helicobacter pylori,
or Porphyromonas gingivalis,’%’! and with the viruses cyto-
megalovirus,’? herpes simplex virus type 1 and 2,73 enter-
oviruses,”* or hepatitis A virus,”®> but prospective studies
remain limited for all but the first two infections. Overall,
current data have not convincingly demonstrated an impor-
tant role for infections in human CV disease.

Chlamydia pneumoniae

Chlamydia pneumoniae is a Gram-negative, obligate intra-
cellular pathogen which has been demonstrated within
human atherosclerosis.”> The interpretation of cross-sectional
seroepidemiologic data has been difficult due to inter-
laboratory differences in antibody measurement and cut off
values, varying control groups, emphasis on multiple sub-
group analyses, and incomplete ascertainment of potential
confounders. A meta-analysis of 15 prospective studies which
included 3169 cases, and adjusted for potential confounders
including socioeconomic status, found no association between
C. pneumoniae, 1gG antibodies, and subsequent CV events
(pooled odds ratio 1-15; 95% CI 0-97-1-36).7°

Antichlamydial antibiotics have been administered to
patients after MI. In two pilot studies, the macrolide antibi-
otics azithromycin and roxithromycin decreased subsequent
CV events.””8 These results were not statistically signifi-
cant on longer follow up in the latter study,’”® nor in a sepa-
rate larger study.® However, two large trials involving 9163
patients found no benefit with azithromycin (Dunne M and
Cevek B, 2002. American College of Cardiology 51st
Annual Scientific Session).

Helicobacter pylori

Helicobacter pylori, a major cause of peptic ulcers and gastric
carcinoma, has been studied in a number of cross-sectional
and prospective studies. A meta-analysis of 10 prospective
studies, with 2916 cases, found no association between
seropositivity and subsequent cardiovascular events, with an
adjusted odds ratio of 1-15 (95% CI 0-96-1-37).8!

Other infection and total pathogen burden

There are more limited data for other infections, such CMV,
HSV, or dental infections. These require further study in
prospective cohorts, with appropriate adjustment for CV risk
factors. A role for influenza can be inferred from observa-
tional studies of benefit from influenza vaccination.®
There has been recent demonstration by two separate groups
of investigators of a stepwise association between total
pathogen burden and subsequent CV events.®38* These
investigators used a score including bacterial infections such
as C. pneumoniae and H. pylori, and viral infections such as
cytomegalovirus and other viruses in the herpes family.
These findings require validation in other study populations,
and do not clearly demonstrate whether markers of exposure
to infections represent confounding by other CV risk factors,
epiphenomena, or a causal association.

Infections: conclusions and recommendations

Meta-analyses of prospective studies of exposure to
C. pneumoniae and H. pylori, as measured by serum anti-
bodies, found no association with human CV disease. The
possible association with multiple infections requires further
study. Antibiotic treatment is currently not recommended.
Grade A

Key points

e The antioxidant vitamins E, C, and beta-carotene do not
reduce CV events.

e ACE inhibitors reduce the risk of myocardial infarction,
stroke and CV death in high-risk patients.

e Homocysteine lowering with folic acid and vitamin Bg is
currently under investigation in large clinical trials. For
now, the routine measurement of homocysteine levels in
CV risk assessment and the treatment of hyperhomo-
cysteinemia are not widely recommended.

e The role of inflammation in CVD is under investigation.
For now, the routine measurement of inflammatory
markers such as CRP is not recommended.

e Antibiotics are not recommended in CV prevention.
Further trials are awaited.
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The worldwide prevalence of obesity is increasing at an
alarming rate. Recent estimates indicate that 40-60% of the
population in industrialized countries and a substantial pro-
portion of the population in developing countries must now
be considered overweight or obese.! In the United States,
the prevalence of adult obesity (defined as body mass index
>30kg/m?), based on self-reported weight and height,
increased from 12-0% in 1991 to 18:9% in 1999, and it is
estimated that this trend is likely to continue over the next
decade.? In the Third National Health and Nutrition
Examination Survey (NHANES III), conducted in two phases
from 1988 to 1994, 63% of men and 55% of women had a
body mass index of 25kg/m? or greater.?

In 1998 the American Heart Association reclassified
obesity as a major modifiable risk factor for coronary heart
disease.* This is a step forward from the earlier notion that
obesity contributes to heart disease primarily through covari-
ates related to obesity, including hypertension, dyslipidemia,
and impaired glucose tolerance or type 2 (non-insulin depend-
ent) diabetes mellitus. Overweight and obesity are now also
recognized as important risk factors for stroke, renal dysfunc-
tion, gallbladder disease, certain types of cancer, osteoarthri-
tis, sleep apnea and a host of other disorders.” Importantly,
increased body weight is also an important determinant of
impaired quality of life.®

Obesity is a complex multifactorial chronic disease that
develops from an interaction between genetic and environ-
mental factors. Our understanding of how and why obesity
develops is incomplete, but clearly involves the integration
of social, behavioral, cultural, physiological, metabolic and
genetic factors. Overweight and obesity are especially evi-
dent in some minority groups, as well as in those with lower
incomes and less education.

Definition of obesity

Definitions of overweight and obesity in adults have varied
over time.” Ideally, a health-oriented definition of obesity
would be based on the amount of excess body fat that deter-
mines the presence of weight-responsive health risk in an
individual.® Body mass index (BMI), defined as weight in
kilograms divided by height in meters squared (kg/m?),
is an easily obtained measure that is now widely used, as
it has a high correlation with excess body fat or adiposity.
However, BMI is not a measure of body fat and does not

convey information on regional fat distribution. The latter is
important, as it is now well established that central or vis-
ceral fat deposition is a major independent determinant of
the metabolic and cardiovascular risk associated with an
increase in fat mass.””!! Recent evidence-based guidelines
therefore recommend the use of both BMI and waist cir-
cumference in the assessment of overweight or obese
patients.! Table 19.1 summarizes the current classification
of overweight and obesity by BMI, waist circumference and
associated disease risk in Caucasians.! There are now also
data to indicate that in south Asians'? and other Asian pop-
ulations,'? for the same level of BMI or waist circumnference
health risks may be higher than in Caucasians. Lower cut
offs have therefore been recommended for both BMI and
waist circumference in adult Asians (Table 19.2).!* The lev-
els of BMI or waist circumference that can be used to define
obesity related risk in other ethnic groups or populations (for
example, Pacific Islanders, Native Americans, Australian
Aboriginals etc.) remain to be determined.

Although there are benefits to the identification of cut-off
points for monitoring overweight and obesity, it is important
to realize that (as for other risk factors) health risks associ-
ated with increasing weight are part of a continuum, and
individuals with BMI <25kg/m? can have substantial weight-
associated health problems (for example, impaired glucose
tolerance, hypertension), whereas others may have no iden-
tifiable health problems at BMIs significantly greater than
25. Individualized assessment of risk status and conditions
associated with obesity must therefore form an integral part
of patient assessment, before deciding on the potential ben-
efits to be derived from weight management in an individual
patient (Figure 19.1).1

Key points

e  Practitioners should use the BMI to assess and classify
overweight and obesity and to estimate relative risk of
disease compared with normal weight. Grade B

e The waist circumference should be used to assess
abdominal fat content. Grade B

o For adult patients with a BMI of 25-34-9kg/m?, sex-
specific waist circumference cut offs should be used in
conjunction with BMI to identify increased disease risk.
Grade C

e Body weight alone can be used to follow weight loss and
to determine the efficacy of weight loss therapy. Grade C
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Table 19.1 Classification of overweight and obesity by body mass index (BMI), waist circumference, and associated

disease risk in Caucasians'

Disease risk* relative to normal
weight and waist circumference

Men, 102 cm; Men, >102cm;

BMI, kg/m? Women, 88cm Women, >88cm

Underweight <185 - -
Normal® 18:5-24-9 - -
Preobese 25-0-29:9 Increased High
Obesity, class

| 30-0-349 High Very high

Il 35:0-399 Very high Very high

1 40 Extremely high Extremely high

“Disease risk for type 2 diabetes, hypertension and cardiovascular disease.

—indicates that no risk at these levels of BMI was assigned.

TIncreased waist circumference can also be a marker for increased risk even in persons of normal weight.

Table 19.2 Proposed classification of weight by BMI in
adult Asians'*

Classification BMI, kg/m? Risk of comorbidities
Underweight <185b Low
Normal range 18:6—22:9 Average
Overweight 230
At risk 23:0-249 Increased
Obese | 24.9-25:0 Moderate
Obese Il 300 Severe
Hypertension

Overweight and obesity have long been recognized as
important determinants of elevated blood pressure, in both
black and white hypertensive and normotensive individu-
als. 31617 The same appears true for Asian populations.'®1°
Experimental studies have shown that weight gain consis-
tently elevates blood pressure and weight loss decreases
blood pressure independent of changes in sodium intake.
Nevertheless, the mechanisms underlying this relationship
remain poorly understood. Several mechanisms, including
increased sympathetic activity, sodium and volume retention,
renal abnormalities, insulin resistance and, more recently,
hyperleptinemia, have been implicated in the development of
obesity related hypertension.?%2!

Based on an assessment of 76 RCTs on the effect of
weight loss on blood pressure, which included 35 lifestyle
trials and 10 on pharmaceutical intervention, the authors
of recent Clinical Guidelines on the Identification,
Evaluation, and Treatment of Overweight and Obesity in

Adults® concluded that there was strong evidence that
weight loss due to lifestyle modifications reduced blood
pressure levels, and suggestive evidence that weight loss
produced by most weight loss medications in combination
with adjuvant lifestyle modifications will be accompanied
by reductions in blood pressure. Importantly, substantial
reductions in blood pressure, or even normalization, can be
achieved with rather modest weight loss of 5-10% of initial
weight.??

Since the appearance of this report, several newer non-
pharmacologic intervention trials have been published?3-26
essentially confirming that lowering body weight lowers
blood pressure. Three studies perhaps deserve special
mention.

1. The Trials of Hypertension Prevention II (TOHP 11),%” a
36 month randomized trial of weight loss versus usual
care in 1191 overweight adults (mean BMI around
31 kg/m?) with non-medicated diastolic blood pressure
of 83-89mmHg and systolic blood pressure less than
140 mmHg. Although participants who lost at least
4-5kg at 6 months and maintained this weight reduc-
tion for the next 30 months had a relative risk for
hypertension of 0-35 (95% CI 0-20-0-59), this group
only included 13% of the participants in the weight loss
arm. Sadly, over the 36 months body weight returned
to —0-2kg below baseline in the weight loss group
and increased by 1-8kg in controls. This study thus
clearly illustrates the limited success of achieving and
maintaining weight loss by lifestyle measures even over
a relatively short period.

2. The trial of non-pharmacologic interventions in the eld-
erly (TONE),?® which included 585 obese men and
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Patient encounter

« Assess weight status
« Provide counseling or treatment

Measure weight, height and waist
circumference
Calculate body mass index (BMI)

BMI 25 or waist >88cm (35in)
(F)>102cm (40in) (M)

-
Educate reinforce
» Advise to maintain weight
* Address other risk factors
» Check weight, BMI and waist
. <«
circumference every 2 yrs

Figure 19.1

women aged 60-80 years with systolic blood pressure
lower than 145mmHg and diastolic blood pressure
lower than 85mmHg on antihypertensive monother-
apy (withdrawn after 1 month), who were randomized
to reduced sodium intake, weight loss, both, or usual
care for 29 months. Relative to usual care, hazard ratios
for the combined outcome measure (diagnosis of high
blood pressure, treatment with antihypertensive med-
ication, or a cardiovascular event during follow up)
were 0-60 (95% CI 0-45-0-80; P<<0-001) for reduced

Assess risk

* Established CAD

* Other atherosclerotic disease

* Type 2 diabetes

* Sleep apnea

« Other obesity-associated
diseases

* Smoking

* Hypertension

« High LDL-C

e Low HDL-C

« Impaired fasting glucose

* Family history of premature
CHD

* 45 yrs (M) 55 yrs (F)

l yes

BMI 30 or [BMI 25-29-9 or
waist>88cm (35in) (F) >102cm
(40in) (M) and 2 risk factors]

l yes

Does patient want to lose weight?

l yes

Treat

Evidence-based algorithm for the treatment of obesity (adapted from the National Institute of Health guidelines)'®

sodium intake alone, 0-64 (95% CI 0-49-0-85;
P=0-002) for weight loss alone, and 0-47 (95% CI
0-35-0-64; P<0-001) for reduced sodium intake and
weight loss combined.

A study on exercise and weight loss on blood pressure
in 133 sedentary overweight men and women with
unmedicated high normal BP or stage 1-2 hyperten-
sion, randomly assigned to aerobic exercise only; a
behavioral weight management program, including
exercise; or a waiting list control group.?’ Weight
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management was associated with a 7 mmHg systolic
and a 5mmHg diastolic BP reduction, compared to a
4mmHg systolic and diastolic BP reduction associated
with aerobic exercise; the BP for controls did not
change. In general, 1kg weight loss can be expected
to result in approximately 1 and 0-5mmHg reduction
in systolic and diastolic blood pressure, respectively
(Table 19.3).%0

Table 19.3 Effect of weight loss on major coronary
heart disease risk factors (adapted from®°)

Measure Units Mean change/1 kg
weight loss

Systolic blood pressure mmHg -0-68

Diastolic blood pressure mmHg —0-34

Fasting glucose mg/d| —36

Total cholesterol mg/d| —2:28

LDL cholesterol mg/dl —091

Triglycerides mg/dl —1:64

HDL cholesterol mg/d| +0-07

New data have also recently emerged for some of the
newer pharmacologic weight reducing agents, orlistat and
sibutramine. Studies with both compounds have included
overweight and obese hypertensive patients. With the lipase
inhibitor orlistat the reduction in blood pressure and heart
rate for a given weight loss is similar to that expected
with weight loss from lifestyle intervention.3!3> With the
centrally active norepinephrine and serotonin reuptake
inhibitor sibutramine, weight loss in normotensive and
treated hypertensive patients is associated with a modest
reduction in blood pressure, that is about half of what might
be expected for a given degree of weight 10ss.3%%7 In some
instances (1-5%) patients may experience a clinically signif-
icant rise in blood pressure (>10mmHg). Sibutramine also
consistently increases heart rate by 3-5bpm. Sibutramine
therapy should be discontinued if a patient experiences
an increase in resting heart rate of >10bpm, or a rise in
systolic or diastolic blood pressure of >10mmHg at two
consecutive visits. Grade C Similarly, treatment should
be withdrawn in the event of previously well controlled
hypertension shifting to a pattern of blood pressure >145/
90 mmHg on two consecutive visits, or signs of progressive
dyspnea, chest pain or ankle edema. Grade C

Which antihypertensive agent is best suited for the obese
hypertensive patient? Current hypertension guidelines do
not make specific recommendations for the pharmacologic
management of obese patients. This may reflect the paucity
of “hard data” from prospective intervention studies in
obese hypertensives.3® Indeed, there are currently no stud-
ies documenting a reduction in morbidity and mortality, or

the superiority of any class of antihypertensive agents in
obese hypertensive patients. Few small to moderate-sized
studies have specifically addressed the efficacy of antihyper-
tensive agents in obese patients. From these it appears that
B blockers are more effective than dihydropiridine calcium-
channel blockers,?® and that hydrochlorothiazide is less
effective at lower doses than the angiotensin converting
enzyme inhibitor lisinopril.** An increased risk of type 2 dia-
betes*!*2 and weight gain*® has been noted for B blockers.
This may make B blockers less well suited for managing
hypertension in the uncomplicated obese hypertensive. In
contrast, angiotensin converting enzyme inhibitors***> and
AT, receptor blockers*® may reduce the risk of developing
type 2 diabetes and may therefore be preferable for use in
obese patients.

Key points

e  Weight loss by lifestyle modification is recommended to
lower blood pressure in overweight and obese patients
with high blood pressure. Grade A

o Dietary salt reduction (to <5 g/day) is recommended to
lower blood pressure in overweight and obese patients
with high blood pressure. Grade A

e Weight loss with orlistat (120mg tid) or sibutramine
(10-15mg/day), in combination with lifestyle modifica-
tion, can lower blood pressure in overweight and obese
patients with high blood pressure. Grade A

e Patients managed on sibutramine must be regularly
monitored for a rise in blood pressure, deterioration in
blood pressure control, or a significant increase in heart
rate. Grade C

e Angiotensin converting enzyme inhibition or angiotensin
receptor blockers may be best suited for antihyperten-
sive monotherapy in uncomplicated obese hypertensive
patients. Grade C

e When other indications (for example, myocardial infarc-
tion, congestive heart failure, tachyarrythmias) support
the use of B blockers, these can also be used in obese
hypertensive patients. Grade C

Diabetes

Overweight and obesity have long been recognized as
important determinants of elevated blood glucose, and the
vast majority of patients with type 2 diabetes are either over-
weight or obese. Both at a population and at an individual
level, the prevalence and incidence of type 2 diabetes is
dependent on the degree of obesity. Thus, in the 10 year fol-
low up (1986—-1996) of middle-aged women in the Nurses’
Health Study and men in the Health Professionals Follow-up
Study, the risk of developing diabetes was approximately 20
times as high in those with a BMI of 35 or more as in their
same-sex peers with a BMI between 18-5 and 24-9.4

234



Obesity

Importantly, the rise in risk of developing type 2 diabetes
begins at BMI levels as low as 22, suggesting that adults
should try to maintain a BMI between 18-5 and 21-9 to
minimize their risk of type 2 diabetes and other disease. In
addition to BMI, abdominal fat distribution, as indicated by
an increased waist to hip ratio, is also an important inde-
pendent predictor of type 2 diabetes.*®*° An increased
prevalence of obesity has also been recently implicated in
the rising prevalence of glucose intolerance in childhood in
North America.*°

Despite the close relationship between obesity and type 2
diabetes, it is important to note that at least 20% of type 2
diabetic patients are not obese, and over 80% of individuals
with high BMI and WHR remain non-diabetic. Thus obesity
must apparently interact with other inherited or acquired
factors that determine insulin resistance and 8 cell function
in order for diabetes to develop.

A large number of studies document the benefits of even
moderate (5-10%) weight loss in improving metabolic con-
trol in diabetic patients.3 However, the impact of weight
reduction on the long-term incidence of diabetic complica-
tions and survival has not been demonstrated. Improvement
in metabolic control depends more on the amount of weight
loss, rather than on the method by which this is achieved.
A 5kg weight loss should decrease fasting plasma glucose
levels in a diabetic individual by 1mM or 18mg/dl
(Table 19.3).° This is of a magnitude similar to that pro-
vided by many of the oral hypoglycemic agents. Although
pharmacologic or surgical weight loss does not appear to
improve glucose control beyond that achieved by lifestyle
changes alone, both the degree of loss and the number of
individuals achieving and maintaining weight loss are gener-
ally higher when lifestyle changes are combined with med-
ication or surgery.>!”

Recent evidence from randomized prospective trials indi-
cates that lifestyle modification including modest weight
reduction will markedly reduce the incidence of type 2 dia-
betes in individuals at high risk. Thus in the recent Finnish
Diabetes Prevention Study®! 522 middle-aged overweight
subjects (mean BMI 31) with impaired glucose tolerance
were randomly assigned to either the control group or the
intervention group, where participants received individual-
ized counseling aimed at reducing weight, total fat intake
and intake of saturated fat, and increasing their intake of
fiber and physical activity. A mean weight loss at the end of
1 year of around 4 kg versus a 1kg gain in the control group
was associated with a 58% reduction in the incidence of dia-
betes after 4 years. Similarly, in the Diabetes Prevention
Project®? lifestyle intervention aimed at reducing body
weight by 7% and at least 150 minutes of physical activity
per week over 2-8 years in non-diabetic persons (mean BMI
34), with elevated fasting and postload plasma glucose con-
centrations, reduced the incidence by 58% compared with
placebo; the lifestyle intervention was also significantly

more effective than metformin in preventing the develop-
ment of type 2 diabetes.

In contrast to metformin and acarbose, other antidiabetic
medications, including sulphonylureas, thiazolidinediones
and insulin, promote weight gain. Weight gain in patients
with both type 1 and type 2 diabetes is associated with an
increase in blood pressure and deterioration of metabolic
control.>>** In the UK Prospective Diabetes Study, met-
formin was more effective than sulphonylureas or insulin in
reducing diabetes related end points.”> Furthermore, met-
formin is both cost saving and extends life expectancy when
used as first-line pharmacologic therapy in overweight type
2 diabetics.>® Weight gain can be promoted by the use of
B blockers,*? and their use may increase the risk of develop-
ing type 2 diabetes.*!* In contrast, ACE inhibitors***> and
angiotensin receptor blockers*® have been found to reduce
the incidence of diabetes in high-risk individuals.

Pharmacologically induced weight loss with orlista
or sibutramine,>®® in conjunction with a lifestyle modifica-
tion program, significantly improves metabolic control and
lower HbAlc levels in patients with type 2 diabetes.

£57,58

Key points

e Adults should maintain a BMI between 185 and 21.9
to minimize their risk of developing type 2 diabetes.
Grade C

o Weight loss is recommended to lower elevated blood
glucose levels in overweight and obese individuals with
type 2 diabetes. Grade A

e Weight loss is recommended to prevent diabetes in
overweight and obese individuals at risk for developing
type 2 diabetes. Grade A

e Metformin is both cost effective and extends life
expectancy when used as first-line pharmacologic ther-
apy in overweight patients with type 2 diabetes. Grade A

o Use of B blockers is associated with greater weight gain
than are ACE inhibitors in patients with type 2 diabetes.
Grade B

e Use of ACE inhibitors or angiotensin receptor blockers
may reduce the risk of developing diabetes in over-
weight or obese individuals at risk for developing type 2
diabetes. Grade B

Dyslipidemia

Lipid abnormalities in overweight and obese individuals
are typically characterized by high triglycerides, increased
small LDL particles and low HDL cholesterol levels.%! In the
presence of abdominal obesity, high serum triglycerides are
commonly associated with a clustering of metabolic risk fac-
tors known as the metabolic syndrome (atherogenic lipopro-
tein phenotype, hypertension, insulin resistance, glucose
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intolerance, prothrombotic and proinflammatory states).
Thus, in obese patients elevated serum triglycerides are a
marker for increased cardiovascular risk. The US National
Cholesterol Education Program (NCEP) Adult Treatment
Panel (ATP III) therefore recognizes the metabolic syndrome
as a secondary target of risk reduction therapy, after the pri-
mary target — LDL cholestero].%!

Numerous studies document the short- and medium-term
benefits on blood lipids associated with lifestyle modifica-
tion, including weight reduction.®®> Current evidence-based
guidelines thus recommend weight reduction and increased
physical activity as first-line therapies for all lipid and non-
lipid risk factors associated with the metabolic syndrome.®!
Weight reduction will enhance LDL lowering and reduce all
of the risk factors of the syndrome. Significant reductions in
blood triglycerides and increases in HDL cholesterol have
been observed in randomized controlled trials of pharmaco-
logically induced weight loss with orlistat®>%* and sibu-
tramine.®>% Possibly because of its mode of action on
intestinal lipid absorption,®’ the use of orlistat has been asso-
ciated with a greater reduction in LDL cholesterol than can
be expected by weight reduction alone.®® Observational
studies have shown profound metabolic benefits associated
with surgical weight reduction in the morbidly obese.%®:%?
However, as for other high-risk groups, the long-term effect
of weight reduction on morbidity or mortality in overweight
or obese dyslipidemic patients has yet to be demonstrated.

Key point

o  Weight loss is recommended to lower elevated levels of
total cholesterol, LDL cholesterol and triglycerides and
to raise low levels of HDL cholesterol in overweight and
obese individuals with dyslipidemia. Grade A

Coronary artery disease

Overweight and obesity are now considered major inde-
pendent risk factors for coronary artery disease;* neverthe-
less, the impact of excess body fat and fat distribution in
different populations (men and women, young and elderly,
ethnic groups) remains to be fully determined. In a recent
review of 11 independent studies, Anderson and Konz*°
estimated an overall RR of 2-71 for women and 2-80 for
men for a BMI of 33 v 23kg/m? respectively. This
increased risk was partly (but not fully) accounted for by
other major risk factors for coronary artery disease, includ-
ing hypertension, lipids and diabetes. This may in part be
accounted for by an association between obesity and other
non-conventional risk factors for coronary artery disease,
including alterations in coagulation and risk for thrombosis
or increased inflammatory cytokines.”%72 A recent study
also found a substantially increased risk for angiographically

assessed coronary artery disease associated with an increase
in waist circumference, that reached an odds ratio of over
12 in patients with familial hypercholesterolemia.”® Weight
gain has also been associated with a significant increase in
coronary risk.>? Thus, a weight gain of 15kg after age 21
was associated with an increased coronary risk of 83% in
women and 46% in men.

Weight reduction has been consistently shown to lower
blood pressure, lower plasma glucose and insulin levels,
prevent the development of type 2 diabetes, lower plasma
triglycerides and raise low levels of HDL cholesterol, and
improve other risk factors for coronary artery disease.>!> It
is therefore very likely that weight reduction will substan-
tially lower coronary risk in obese patients. However, there
are currently no hard end-point data from randomized con-
trolled trials of weight loss on morbidity and mortality in
patients with coronary artery disease.

In a large prospective study of patients surviving a first
myocardial infarction, overweight, grade I and grades II-III
obesity were associated with a 1-16, 1-:49 and 1-80 relative
risk for a recurrent coronary event, respectively.”* Readily
measured markers of diabetes, hypertension and dyslipi-
demia explained some of the risk conferred by obesity.
Other investigators have identified obesity as an independ-
ent predictor of hospital mortality in older (but not younger)
patients with myocardial infarction.”> No effect of body
weight was found in 1 year mortality in overweight or obese
patients. Thus, although obese patients should certainly be
targeted for proven preventive therapies following acute
myocardial infarction, whether or not weight loss should be
included in these treatments remains an important but
unresolved question.

Key points

o  Weight reduction is recommended to reduce risk factors
for coronary artery disease, including hypertension,
dyslipidemia and impaired glucose tolerance/type 2
diabetes. Grade A

e  Weight reduction is recommended in patients with coro-
nary artery disease to reduce morbidity and mortality.
Grade C

Congestive heart failure

In a recent report from the Framingham cohort, after adjust-
ment for established risk factors, there was an increase in
the risk of heart failure of 5% for men and 7% for women for
each unit increment in body mass index.”® Surprisingly,
however, a large retrospective observational study suggests
that increased BMI may confer a more favorable prognosis
in patients with overt heart failure.”” However, interpreta-
tion of these findings is complicated by the fact that lower
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BMI may reflect the presence of circulatory compromise,
ultimately leading to cardiac cachexia in patients with
advanced cardiac function. Nevertheless, based on available
data, it currently remains unclear whether weight loss pro-
motion in medically optimized patients with heart failure is
a worthwhile therapeutic goal.

Key points

e Increased body weight increases the risk for the develop-
ment of heart failure. Grade A

e Increased body weight may confer a more favorable
prognosis in patients with heart failure. Grade B

e Weight reduction is currently not recommended for
patients with congestive heart failure. Grade C

Sleep apnea and obesity hypoventilation
syndrome

Obesity is the most common precipitating factor for obstruc-
tive sleep apnea and is a requirement for the obesity
hypoventilation syndrome, both of which are associated with
substantial morbidity and increased mortality.”® Numerous
case reports and non-controlled trials document substantial
improvement in sleep apnea and the obesity hypoventilation
syndrome, particularly with surgically induced weight loss.
In a recent Cochrane review of lifestyle modification for
obstructive sleep apnea, the reviewers concluded that there
were currently no randomized trial data available for analy-
sis.”? Thus, there are currently no data regarding the magni-
tude of weight loss necessary to produce a clinically
significant improvement in obesity related obstructive sleep
apnea, nor regarding which group of patients is most likely
to benefit from this intervention.

Key point

e Surgically induced weight loss can improve the clinical
picture of sleep apnea and the obesity hypoventilation
syndrome. Grade B

Goals for weight loss

The general goals of weight loss and management are to
reduce body weight, to maintain lower body weight over the
long term, and to prevent further weight gain.>'> Weight
loss should be recommended for all patients with a BMI =30
and for those with a BMI =27 with two or more risk fac-
tors.>!'> There is consistent evidence from randomized
controlled trials to indicate that overweight and obese
patients in well designed programs can achieve and main-
tain moderate (5-10%) weight loss over time if some form
of therapy continues. The initial goal of weight loss therapy

should therefore be to reduce body weight by approximately
10% from baseline.

Randomized trials suggest that weight loss at a rate of
0-45-0-90 kg/week commonly occurs for up to 6 months.>!?
The rate of weight loss in patients with type 2 diabetes may
be slower than in non-diabetics.

Key points

o Weight loss should be recommended for all patients
with a BMI =30 and for those with a BMI =27 with two
or more risk factors. Grade B

e The initial goal of weight loss therapy should be to
reduce body weight by approximately 10% from base-
line. Grade A

o  Weight loss should be about 0-45—0-90 kg/week for a
period of 6 months. Grade B

How to achieve weight loss

Successful weight loss requires the combination of multiple
interventions and strategies, including diet, physical activity,
behavior modification, pharmacotherapy and surgery. Because
obesity is a chronic condition, all treatment, including phar-
macotherapy, should be initiated with the expectation that
it will be long term.'> An evidence-based algorithm is pro-
vided in Figure 19.2.

Lifestyle intervention

With regard to dietary therapy, a review of 48 randomized
controlled trials> concluded that an average weight loss of
8% can be obtained over 3—-12 months with a controlled
energy low-calorie diet (LCD) aimed to reduce caloric intake
by 500-1000kcal/day (2092—-4184k]/day), and that this
weight loss effects a decrease in abdominal fat. It also
appears that lower-fat diets with energy reduction promote
greater weight loss than energy reduction alone. Very low-
calorie diets (VLCDs), generally involving the use of protein
and dietary supplements, can produce greater initial weight
losses that LCDs, but long-term (>1 year) weight loss
appears to be only marginally greater.?’ Importantly, unless
accompanied by physical activity, weight loss with dietary
measures is not associated with an improvement in car-
diorespiratory fitness as measured by maximum oxygen
consumption.>!?

A review of 13 randomized controlled trials provides strong
evidence that physical activity alone results in rather modest
weight loss but improves cardiorespiratory fitness, may reduce
abdominal fat and may help long-term weight maintenance.’
A review of 15 randomized controlled trials combining dietary
measures and physical activity provides strong evidence that
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Figure 19.2 Evidence-based algorithm for the treatment of obesity. Adapted from the National Institute of Health guidelines'®

the combination of these measures results in substantially
greater weight loss than either measure alone.” There also
appears to be additional value in behavioral therapy,
although no one behavioral therapy appears to be superior
to any other in its effect on weight loss. In general, the

greater the intensity of the intervention, the greater the
weight loss. No additional long-term benefits of behavioral
therapy are found at 3-5 years. Nevertheless, there is evi-
dence to suggest that patient motivation is an important
determinant of success in weight loss programs.
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Key points

o  Weight loss and weight maintenance therapy should use
a combination of low-calorie diets (LCDs), increased
physical activity and behavioral therapy. Grade A

e Low-calorie diets (LCDs) providing a deficit of
500—-1000 kcal/day (2092-4184 kJ/day) are a practi-
cal way to reduce calories and should be an integral part
of any program aimed at achieving a weight loss of
0:45-0-90 kg/wk over 6 months. Grade A

e Physical activity should be an integral part of weight
loss therapy and weight maintenance, as it contributes
modestly to weight loss, Grade A increases cardiovas-
cular fitness, Grade A modestly decreases abdominal
fat, Grade B and may help with maintenance of weight
loss. Grade C

o Initially, moderate levels of physical activity for 30—45
minutes, 3-5 days a week, should be encouraged, with
the long-term goal of accumulating at least 30 minutes
or more of physical activity on most or all days of the
week. Grade B

e Behavioral therapy is a useful adjunct when incorpo-
rated into treatment for weight loss and weight mainte-
nance. Grade B

e Practitioners need to assess the patient's motivation to
begin weight loss therapy, assess their readiness to
implement the plan, and take appropriate steps to moti-
vate them for treatment. Grade C

o A weight maintenance program should be a priority after
the initial 6 months of weight loss therapy. Grade B

Pharmacotherapy of obesity

Strong evidence indicates that the use of appropriate weight
loss drugs can augment diet, physical activity and behavior
therapy in weight loss.>!> Orlistat is gastrointestinal lipase
inhibitor that reduces enteral fat absorption by around
30%.8! Sibutramine is a centrally active serotonin and norep-
inephrine uptake inhibitor that reduces hunger, increases sati-
ety, and which may have a small thermogenic effect.®” Both
compounds have been approved by licensing authorities in
most countries for the pharmacologic treatment of obesity
and the management of overweight patients with related
comorbidities. They can be used as an adjunct to diet and
physical activity for patients with a BMI of 30 or greater with
no concomitant obesity risk factors or diseases, as well as
patients with a BMI of 27 or greater with concomitant obe-
sity related risk factors (hypertension, dyslipidemia, type 2
diabetes), when these patients have failed to reduce and
maintain weight loss by lifestyle interventions alone.>!> Both
have been shown to decrease the rate of weight regain fol-
lowing weight loss induced by combining lifestyle interven-
tion with weight loss medication®®83#4 or very low-calorie
diets.®> Starting with the lowest dose and discontinuation in
non-responders can decrease the likelihood of adverse effects.

Mode of action, efficacy, side effects and contraindica-
tions for the use of orlistat and sibutramine are summarized
in Table 19.4.

Unlike fenfluramine and dexfenfluramine, sibutramine
does not induce serotonin release and has not been impli-
cated in the development of valvular heart disease.?® Small,
dose dependent increases in heart rate and blood pressure
have been consistently noted with the use of sibutramine.?’
Furthermore, reductions in blood pressure seen with
sibutramine-induced weight loss tend to be less than the
reductions seen with weight loss obtained by other treat-
ments. Nevertheless, weight reduction in hypertensive
patients is accompanied by a fall in both systolic and dias-
tolic pressure, and several randomized controlled studies
have shown that sibutramine can be used in overweight and
obese patients with well controlled hypertension.®® As with
other weight loss interventions, sibutramine-induced weight
loss is associated with a significant improvement in meta-
bolic parameters.

Because of its lack of systemic effects on the heart and
circulation, orlistat has obvious advantages over sibutramine
for use in high-risk patients with established coronary artery
disease, arrhythmias, stroke or heart failure. Thus, weight
loss with orlistat results in a reduction in heart rate and
blood pressure corresponding to that expected for a similar
degree of weight loss achieved with non-pharmacologic
intervention. Furthermore, owing to its mode of action the
use of orlistat has been associated with a greater reduction
in LDL cholesterol than can be expected by weight reduc-
tion alone.%®

Key points

o  Orlistat and sibutramine may be used as part of a weight
loss program in patients with a BMI greater than 30, or
in patients with a BMI greater than 27 when associated
with obesity related comorbid conditions. Grade B

e  Weight loss drugs should not be used without concomi-
tant lifestyle modification. Grade B

e  Continual assessment of drug therapy for efficacy and
safety is necessary. Grade C

e If the drug is efficacious in helping the patient to lose
and/or maintain weight loss and there are no serious
adverse effects, it can be continued; if not, it should be
discontinued. Grade C

o  Starting with the lowest dose and discontinuation of
antiobesity medication in non-responders can decrease
the likelihood of adverse effects. Grade C

Surgery

There is currently good evidence to support the use of surgi-
cal interventions in adults with clinically severe obesity
(BMI>40 or above, or BMI>35 with obesity related
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Table 19.4 Medications approved for the long-term treatment of obesity* (adapted from'® and 89)

Orlistat

Sibutramine

Trade names
Mechanism of action

Dosage

Cost (US wholesale price)

Average weight loss when
used together with lifestyle
modification

Most frequent side effects

Potential drug interaction

Xenical
Lipase inhibitor

120 mg 3 times/day with or
within 1 h after fat-containing
meals, plus a daily multivitamin

$356/day
4-T7%

Flatulence with discharge, fecal
urgency, fecal incontinence,
steatorrhea, oily spotting,
increased frequency of
defecation, decreased absorption
of fat-soluble vitamins

Cyclosporine

Reductil/Meridia

Mixed norepinephrine and
serotonin reuptake inhibitor

5-15mg/day

$2:08-3-68/day
5-8%

Dry mouth, headache,
insomnia, constipation,
anorexia, increase in heart
rate, increase in blood
pressure’

SSRIs, MAQls, centrally

Contraindications

Chronic malabsorption
syndromes, cholestasis

active anorexants,
sumatriptan,
dihydroergotamine,
dextromethorphan,
meperidine, pentazocine,
fentanyl, lithium,
tryptophan

Uncontrolled hypertension,
severe renal impairment,
severe hepatic dysfunction,
narrow-angle glycoma,
history of substance abuse,
coronary artery disease,
congestive heart failure,
arrhythmias, stroke

*Ephedrine plus caffeine and fluoxetine have also been tested for weight loss but are not approved for use in
the treatment of obesity. Mazindol, diethylpropion, phentermine, benphetamine and phendimetrazine are
approved only for the short-term use for the treatment of obesity. Herbal preparations are not recommended
as part of a weight loss program. These preparations have unpredictable amounts of active ingredients and

unpredictable, potentially harmful effects.

tIf there is a sustained increase in blood pressure or heart rate, either a reduction in the dose or discontinu-

ation should be considered.

comorbid conditions).>!> In these patients, surgery can
result in substantial weight loss and a marked improvement
in comorbid conditions. Two types of operations have
proved effective: those that restict gastric volume (banded
gastroplasty) and those that, in addition to limiting food
intake, also alter digestion (Roux-en-Y gastric bypass).!®
Patients who have undergone surgery require lifelong med-
ical surveillance.

Key point

Weight loss surgery is appropriate for carefully selected
patients with clinically severe obesity (BMI>40, or
BMI> 35 with comorbid conditions) when less invasive
methods have failed and the patient is at high risk for
obesity associated morbidity or mortality. Grade B

240



Obesity

Summary

Obesity is now recognized as an important risk factor for
cardiovascular morbidity and mortality. Weight reduction
induced by lifestyle, pharmacologic or surgical measures has
been shown to substantially improve obesity related comor-
bidities, perhaps with the exception of congestive heart
failure. Weight loss programs should focus on weight main-
tenance rather than weight loss alone. Randomized con-
trolled outcome studies with hard end points, required to
establish weight loss as an effective measure that reduces
cardiovascular mortality, are still lacking,.
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Gender and cardiovascular disease

In the United States the number of women who die annually
from cardiovascular disease is higher than men. The
cardiovascular disease burden is particularly high in older
women. In women aged 55 and oldet, major cardiovascular
diseases (ICD 390-448-9) accounted for 473569 deaths in
1997 compared to 402310 deaths in older men.! Major car-
diovascular diseases accounted for 44% of all deaths in older
women and 40% of all deaths in older men. The number of
deaths from coronary heart disease (CHD) was only slightly
higher in older women (229 628) than in men (223 246), but
the number of deaths from stroke was considerably higher
in women (88768 compared to 55 149 respectively). There
were 4607 deaths from pulmonary embolism in older women
compared to 3465 in men. As exemplified by these absolute
numbers of deaths, cardiovascular disease now represents
a larger health problem in older women than in older men.
CHD in particular occurs at a later age in women than in
men, and this is one reason why early trials (including estro-
gen trials) attempting to prevent “premature” CHD focused
on middle-aged men. On average, death from CHD occurs
about 10 years later in women (Figure 20.1) than in men. The
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Figure 20.1  Annual mortality rates by 10 year age groups for
CHD, stroke, and pulmonary embolism in US women, 1997
Inset: Comparison of coronary heart disease mortality rates by
age for men and women.

Postmenopausal hormone therapy
and cardiovascular disease

incidence rate of CHD mortality rises after the age of 65, and
rises particularly steeply after 75 years when the great major-
ity of CHD events occur. Though their incidence rates remain
lower at any age than in men, the fact that older women with
CHD outnumber men explains why the absolute number of
CHD deaths is higher in women. Deaths from strokes and pul-
monary embolism also rise markedly with age. Since CHD
and strokes are the major contributors to overall cardiovascu-
lar disease rates, the effects of estrogen on these conditions
will dominate the overall cardiovascular outcome.

The sex differential in the age of onset of CHD is also one
of the reasons why estrogen is of interest as a potential pre-
ventive treatment for CHD. Lipid levels in children of both
sexes are similar until puberty, when high density lipopro-
tein (HDL) cholesterol levels fall by about 10mg/dl in boys
only, while low density lipoprotein (LDL) cholesterol levels
decrease by about 5mg/dl in girls.? These changes may be
attributable to rising androgen and estrogen levels in boys
and girls respectively. The sex differential for HDL choles-
terol persists through adult life, but is less marked in older
persons. LDL cholesterol levels rise during adulthood,
and in older women LDL cholesterol levels eventually
catch up with those in men. Estrogen levels in women grad-
ually decline, starting some years before the menopause,
during which time LDL cholesterol levels rise and HDL cho-
lesterol levels decrease.® These lipid changes may underlie
the lower CHD risk in premenopausal women, and the
gradual increase in postmenopausal women. However, the
menopause does not represent a sharp demarcation in risk;
some longitudinal studies have not shown changes in risk
factors over the menopause, and the rise in coronary rates
may simply reflect the effects of aging itself, as suggested
when the data for coronary deaths are plotted on a semi-
logarithmic scale (Figure 20.2).1* Nonetheless, premature
menopause due to oophorectomy is associated with a higher
CHD risk, and oophorectomy followed by estrogen therapy
is not associated with increased risk for CHD.> When exoge-
nous estrogen is administered via the oral route to post-
menopausal women, LDL cholesterol levels decrease, HDL
cholesterol levels increase, triglyceride levels increase, and
lipoprotein (a) levels decrease.® 1% However, exogenous oral
estrogen has multiple non-lipid effects. Some changes in
coagulation factors are potentially favorable (for example,
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Figure 20.2 Annual mortality rates for CHD by age for US
men and women on a semi-logarithmic scale

a decrease in fibrinogen level’") while others are potentially
unfavorable (for example, an increase in factor VII®?), and
the net effect of estrogen on coagulation is uncertain.
Similarly, some effects on markers of inflammation are
potentially unfavorable (for example, increases in C-reactive
protein) and others favorable (for example, decreases in vas-
cular endothelial adhesion molecules).!’"'? Other potential
influences of estrogen on vascular biology include direct
effects on the vessel wall, which improve blood flow,!>14
and antioxidant properties that may slow the early stages of
atherosclerosis.!” It should be noted that many, but not all,
of the biologic effects of estrogen are counteracted by the
progestins, which are now routinely prescribed in combina-
tion with estrogen in women with intact uterus.””

Thus, there is a plethora of potential mechanisms by which
estrogen may reduce the risk of CHD.!® Unfortunately, the
existence of mechanisms does not necessarily translate into
clinical benefit. A treatment that has a favorable effect on an
intermediate mechanism may decrease the incidence of target
clinical events, or may turn out to have no effect, or may actu-
ally increase the event rates. The treatment may also have
unanticipated adverse effects on other clinical events.!” For
example, a number of early lipid lowering drugs, such as thy-
roxin and estrogen, were abandoned after it was found that,
although these drugs decrease cholesterol levels, they also
increase the cardiovascular morbidity and mortality in men.'®

Box 20.1

e Cardiovascular disease is a major health problem in
older women.

o Coronary heart disease occurs at a later age in women
than in men.

e The later onset of coronary disease may be due to gender-
specific hormone-induced changes in blood lipid levels.

e Increased rates of coronary heart disease after the
menopause may be due to declining estrogens or may
be due to aging.

Coronary heart disease

Throughout this chapter, the term postmenopausal hor-
mone therapy (sometimes shortened to hormone therapy)
is used to describe the use of estrogen or estrogen plus a
progestin in postmenopausal women. The term hormone
replacement therapy is not used, because this term implies
a judgment that postmenopausal women suffer from a
hormone “deficiency” that needs treatment.

More than 30 observational studies have suggested that
women who are taking estrogen appear to have a lower risk
of heart disease, and several have shown similar apparent
risk reductions for estrogen when it is used in combination
with progestin.!®23 Only a few key studies will be reviewed
in detail, since they illustrate sufficiently the findings from
observational studies, and their limitations. “Primary pre-
vention” studies are those in which women with prevalent
coronary artery disease (CAD) were removed from the
cohort, while “secondary prevention” studies followed
only those women with a history or other evidence of CAD
at baseline. The growing body of evidence from clinical
trials with surrogate outcomes and clinical trials, with
“hard” clinical outcomes for secondary prevention, will be
reviewed in detail. Thus far, these secondary prevention
trials have failed to confirm the cardiovascular benefit
predicted from observational studies, and in fact the
trials suggest that there is likely to be harm in the first few
months to years after initiation of hormone therapy.
Substantive data from primary prevention trials have yet to
be published.

Primary prevention

Observational studies

With the exception of the initial report from Framingham
on this issue, all the observational studies of healthy
postmenopausal women comparing hormone users with
non-users described an association of hormone use (particu-
larly current hormone use) with lower risk for CHD.!924
However, as reviewed elsewhere, the consistency of these
results may be due to powerful systematic biases in observa-
tional studies, which may lead to an overestimation of
benefit and an underestimation of harm associated with
hormone use.?>%0

The Nurses’ Health Study is representative of the obser-
vational studies, and the women in this study comprise one
of the largest and best studied cohorts in the USA.?! The
1976 baseline examination included 121700 nurses aged
30-55 years of whom 21726 were postmenopausal. With
the passage of time a progressively larger proportion entered
the menopause and these women contributed data to a
series of papers on the associations between menopause,
hormone therapy, and cardiovascular disease. Data on
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hormone use and health status were updated biennially by
questionnaire. The most recent analysis included 70533
women with up to 20 years average follow up for a total
experience of 808 825 person-years during which time the
study accrued 1258 major coronary events (non-fatal
myocardial infarction or coronary death).?! There were 662
major coronary events during the 358 125 person-years of
never users, 337 events during the 185497 person-years
of past users, and 259 events during the 265203 person-
years of current users of postmenopausal hormone therapy.
Conjugated equine estrogen (CEE) accounted for about two
thirds of the estrogen used. Proportional hazards models
were used to calculate relative risks for incidence of clinical
outcomes, using women who had never used hormones as
the reference group. Multivariate adjustments were made
for age, body mass index, history of diabetes, hypertension,
high cholesterol level, cigarette smoking, and parental
history of premature heart disease.

The adjusted relative risk of major coronary disease
in current users compared to never users was 0-61 (95%
CI 0-52-0-71), and in past users it was 0-82 (95% CI
0-72—0-94). Current users of CEE alone had a relative risk
of 0-55 (95% CI 0-45-0-68), and current users of CEE with
medroxyprogesterone acetate (MPA) had a relative risk of
0-55 (95% CI 0-49-0-85). Duration of hormone use
appeared to have little influence; however the relative risk
appeared to be lowest in current users for less than 1 year
(0-41, 95% CI 0-21-0-77) (Figure 20.3). The reduced risk
for CHD was observed at all estrogen doses, but appeared to
be more marked at the doses of 0-3 mg conjugated equine
estrogen (0-58, 95% CI 0-37-0-92) and 0-625mg (0-54,
95% CI 0-44-0-67) than at the dose of 1-25mg or higher
(0-70, 95% CI 0-51-0-97) (Figure 20.3).

An earlier publication from the Nurses’ Health Study
noted that the rates of coronary revascularization did
not differ between current users and non-users.?” Since it
differs from the findings for fatal and non-fatal myocardial

<lyear ——
) ~1- —
Duration of 1-1-9 years

hormone 2-4.9 years ——

therapy  5-9.9 years —_—
<10 years ——

: 0-3mg —_—
Dose of conjugated
equine estrogens  0°625mg —

>1.25mg —_—

0 0-25 05 0-75 1 125
Relative risk (95% ClI)

Figure 20.3 Relative risks and 95% confidence intervals for
CHD by duration and dose of current hormone use in the
Nurses’ Health Study?"

infarction, this observation argues against an immediate
beneficial effect of estrogen on the vessel wall. Most patients
undergo revascularization for symptoms and, if estrogens
had a direct effect, symptoms would have been less likely in
users. The data as regards to revascularization have implica-
tions for the interpretation of the data for CHD events: if
estrogen confers no immediate benefit, the finding of lower
CHD rates in current users may be due to the compliance
bias known to operate in subjects who are regularly taking
medications, or to selection bias as to who goes onto estro-
gen and who is removed from therapy.

Data on risk for CHD in healthy women soon after initia-
tion of estrogen therapy are sparse and inconsistent,
although most studies suggest reduced initial risk in estrogen
users. As noted above, the Nurses’ Health Study observed
the lowest relative risk during the first year of use.?! Several
other studies found little or no association of hormone use
with risk in the first year or two after initiating therapy,?®-3°
while two suggested some early increase in risk.3!3? By
contrast (see below) the data for secondary prevention are
much more consistent in suggesting cardiovascular harm
after initiation of therapy.

Clinical trials

A pooled analysis of 23 randomized controlled trials, which
were done for the study of non-cardiovascular short-term
effects of hormone therapy but which recorded numbers of
clinical events, found twelve cardiovascular (arterial) events in
the hormone groups and five in the control groups.>* Though
not statistically significant, the results were in the opposite
direction to that predicted by the observational studies.

Large clinical trials of estrogen in healthy women with
sufficient statistical power to provide a definitive answer
to the question of benefit for cardiovascular disease are
underway (Table 20.1). The first of these forms part of the
Women’s Health Initiative (WHI) in the USA. The WHI
enrolled 27347 women aged 50-79 in the trials of
menopausal hormone therapy during 1993—-1998 and will
be completed in 2005 after 8-4 years average follow up.3*
The study comprises two randomized controlled clinical
trials: the 16 608 women with an intact uterus randomized
to CEE 0-625mg/day plus MPA 2-5mg/day or placebo,
and the 10739 women with a hysterectomy randomized to
CEE 0-625mg/day or placebo. No results have yet been
published, but in 2000 the trial participants were advised
that during the first 2 years after randomization small
excesses in numbers of heart attacks, strokes, and blood
clots in the lungs were observed in the active treatment
groups.® In 2001 a follow up communication to partici-
pants stated that small absolute excesses of these conditions
persisted beyond the first 2 years, but that the trials will
continue because the overall risk and benefit remained
uncertain.3
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A second large trial being conducted in the United Kingdom
and New Zealand, known as the Women’s Intervention Study
of long-Duration Oestrogen after the Menopause (WISDOM),
is enrolling women aged 50-64 and randomizing women
with a uterus to CEE 0-625 mg/day plus MPA 2-5mg/day or
placebo, and women who have had a hysterectomy to CEE
0-625mg/day, CEE 0-635mg/day plus MPA 2-5mg/day, or
placebo.>® Up to 34000 women will be enrolled. The primary
analysis will compare CEE plus MPA to placebo, and the sec-
ondary analysis will compare CEE plus MPA to CEE alone.
The primary outcome of interest is combined CHD and stroke.

Box 20.2

e The effect of postmenopausal hormone therapy on risk
for CHD in healthy women remains unknown.

o  Observational studies suggest potential benefit for CHD
in long-term hormone users, but these studies can be
biased towards benefit.

e Pooled data from short-term clinical trials suggest possi-
ble cardiovascular harm.

e One major clinical trial in healthy women has informed
participants of a small excess of CHD in the hormone
groups during the first few years of the study, but has
not published the results.

Secondary prevention

Observational studies

Observational studies in women undergoing angioplasty or
coronary artery bypass grafting (CABG) have found that
use of postmenopausal hormone therapy was associated
with lower rates of cardiovascular events and improved
survival.’’*0 A retrospective analysis of postmenopausal
women undergoing angioplasty found that 12% of patients
taking hormones had cardiovascular events over 7 years
of follow up, compared to 35% of non-users.’” A second
similar study found that inhospital and 2 year mortality after
angioplasty was lower in hormone users.*® In women
undergoing CABG, one study found that hormone use was
associated with a 62% survival benefit; however, this was
not confirmed in a subsequent study.3%*" Several observa-
tional studies have compared the experience of women
currently on hormone therapy and who suffer a myocardial
infarction with those who were not on hormone therapy at
the time of the myocardial infarction.*'** These studies
have consistently found better outcomes for women who
were currently on hormone therapy at the time of the event.

The largest study of inhospital mortality was performed
prospectively in 114724 women aged over 55 who were
entered into the National Registry of Myocardial Infarction-3.4!
At the time of hospitalization, 6-4% of women reported
cutrrent use of hormone therapy. There were significant dif-
ferences between hormone users and non-users. Hormone
users were younget, more likely to be white, less likely to

have a history of diabetes, heart failure, prior myocardial
infarction, and prior stroke compared to non-users, but were
more likely to have high blood cholesterol and family his-
tory of CAD, or to smoke. Hormone users were also more
likely to receive aggressive inhospital care including angio-
graphy, angioplasty, bypass grafting, reperfusion therapy,
aspirin, heparin, B blockers, and nitrates (Table 20.2).
Complication rates were similar in users and non-users;
however, after adjustment for the potential confounders, hor-
mone use was associated with a reduced odds of inhospital
mortality (0-65, 95% CI 0-59-0-72). The association was
strongest in the youngest group of women (age 55—64 years).
The authors acknowledge that some or all of this apparent
survival benefit could be due to one or more sources of bias
— for example, residual differences between users and non-
users or the healthier profile that decreased mortality may
also have increased the likelihood of taking hormone ther-
apy; or the hormone users may have received care at hospi-
tals with greater experience of myocardial infarction care; or
hormone users may have been better at compliance with
treatment and may thus have an improved survival. The
many differences in patient characteristics and inhospital
treatment observed between hormone users and non-users
illustrate the difficulties of interpretation of observational
studies.

Three observational studies have suggested that recent
initiation of hormones after the index myocardial infarction

Table 20.2 Observational study of inhospital treatment
of postmenopausal women with myocardial infarction
and adverse events by prior usage of hormone
therapy*!

Hormone replacement therapy

Users Non-users
(n=7353) (n=107371)
(%) (%)
Antiplatelet agent 87 79
Heparin 74 64
B blocker 56 47
ACE inhibitor 25 26
Nitrate 55 46
Initial reperfusion 29 19
Coronary 65 42
angiography
Revascularization S 8
procedure
Heart failure 19 28
Recurrent ischemia 14 10
Recurrent 2 2
myocardial infarction
Stroke 2 2
Death 7 16
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is associated with an increased risk for recurrent events in
the short term; two of these studies provided data suggest-
ing a possible decreased risk in later years among the
survivors (Table 20.3).4*4 This pattern of increased risk in
the first year with apparently reduced risk in later years is
similar to that observed in several randomized controlled
clinical trials, notably the Heart and Estrogen/progestin
Replacement Study (HERS).* It should be noted that these
analyses of risk by recency of hormone use were performed
after publication of the HERS results; therefore the possibil-
ity of publication bias cannot be excluded.

Clinical trials with surrogate outcomes

The primary outcome of the Estrogen Replacement and
Atherosclerosis (ERA) trial was change in the angiographic
minimal diameter of coronary artery lesions.*® Women
(n=309) with angiographically defined CAD were random-
ized to one of three groups: CEE 0-625mg, CEE 0-625mg
plus MPA 2.5mg, or placebo. At the end of the trial, com-
pliance ranged from 74% in the estrogen-only group to
84-86% in the other groups. Over the mean treatment
duration of 3-2 years, all three groups showed a decrease
in minimal coronary artery diameter and there were no

differences between the groups. In other words, treatment
with estrogen with or without MPA failed to arrest the pro-
gression of existing coronary artery lesions, even though the
estrogen and estrogen plus MPA treatments lowered LDL
cholesterol by 9-4 and 16-5%, and raised HDL cholesterol
levels by 18-8 and 14-2%, respectively. Several additional
clinical trials with angiographic outcomes are underway.

Clinical trials

A randomized controlled clinical trial in 293 post-
menopausal women with unstable angina, aged 43-93,
failed to demonstrate benefit with estrogen or estrogen plus
progestin for reduction in number of ischemic episodes.*’
The premise of the trial was that endothelial dysfunction
with subsequent impairment of coronary blood flow has an
important pathophysiologic role in acute coronary syn-
dromes, and that reversal of the endothelial dysfunction by
estrogen would improve the clinical outcome. Participants
received one of three study treatments within 24 hours of
the onset of symptoms: an infusion of 1-25mg of CEE fol-
lowed by oral CEE 1-25mg/day for 21 days, or an infusion
of CEE followed by oral CEE plus MPA 2-5mg/day, or an
infusion of placebo followed by oral placebo. The trial was

Table 20.3 Risk of recurrent coronary events in relation to recent initiation of hormone therapy in observational

studies of women with prior coronary heart disease

Author Type of study

Risk for recurrent coronary events by

Comment

interval since starting hormone therapy?

Short-term

Long-term

Grodstein®?  Cohort of 2489 female
nurses with prior
myocardial infarction or
documented

atherosclerosis

use <1 year®

1-25 (0:78-2:00%) for  0-38 (0:22-0-66%) P = 0-002 for trend, main analysis;

for use >2 years replicates HERS and includes
women who commenced

hormones before initial event

2:10 (0-88-5:10%) for 050 (0-32-0-77%) P = 0:02 for trend, alternative

use <1 year®

Heckbert*3 Cohort of 981 women
hospitalized for acute

myocardial infarction

Cohort of 1857
postmenopausal women
enrolled in trial of
coumadin and aspirin
within 3=21 days of acute
myocardial infarction

Alexander**

15 months®

144 (1-05—1-99%)
over median of

for use >2 years analysis; short-term use largely
reflects women who commenced

hormones after initial event

2:16 (0-94-4-95%) for  0:76 (0:42-1:36%) P = 0:05 for trend
use 0—-60 days®

for use >1 year

No data Increased risk for composite
primary outcome exclusively due
to unstable angina; no increase in

risk among prior/current users

&Current hormone users compared to never users.
b Acute myocardial infarction or coronary death.
¢ Death/acute myocardial infarction/unstable angina.
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stopped short of its planned enrollment of 351 when the Data
and Safety Board determined that there was no difference
between treatment groups. During the first 48 hours the
mean number of ischemic episodes per patient recorded by
ambulatory ECG monitoring was 0-74, 0-86, and 0-74 in the
estrogen, estrogen plus progestin, and placebo groups respec-
tively, and symptomatic ischemia occurred in 39%, 52%, and
42%. Inhospital incidence of refractory ischemia, death,
myocardial infarction, and revascularization procedures were
similar in the three groups (Table 20.4). The groups did not
differ at 21 days for ischemia, or at 6 months for clinical
events. The authors cite several possible reasons for the fail-
ure of the estrogen therapy to improve ischemia: lack of func-
tional estrogen receptors in advanced lesions or with age,
countervailing adverse effects of estrogen on thrombosis or
inflammation, and the fact that participants almost uniformly
received standard anti-ischemia therapy (including heparin,
aspirin, B blockers, and nitroglycerin). The numbers of
ischemic episodes were also lower than anticipated in the
power calculations. From this study it would appear that
acute estrogen therapy is not a useful addition to the standard
therapy for acute coronary syndromes.

HERS is a landmark study, as it represents the first sub-
stantive test of the hypothesis that hormone therapy pre-
vents coronary events in women with existing disease
(Table 20.1).* The 2763 postmenopausal women aged
44-79 who enrolled all had established CAD and had not
had a hysterectomy. They were randomized to CEE
0-625 mg/day plus MPA 2-5mg/day or to placebo. The hor-
mones induced the expected lipid changes, reducing LDL
cholesterol by 11%, raising HDL cholesterol by 10%, and
raising triglycerides by 8% compared to placebo. Over the
average study duration of 4-1 years there was no net benefit
for the principal outcome of CHD (non-fatal myocardial
infarction plus coronary death) with 172 cases in the
placebo group and 176 cases in the active treatment group.

However, in the first year of HERS there was a nominally
significant (P<<0-05) 52% excess of coronary events in the
treatment group compared to the placebo group (Figure 20.4).
In the second year there was no difference in event rates
and thereafter there was a trend towards a reduction in the
active treatment group, mainly due to a reduction in non-
fatal myocardial infarction. The trend for coronary heart
disease risk over time was significant (P= 0-009). However,
it should be noted that the significance of the trend
depended on the adverse direction of events in the first year,
and that events after the first year were recorded in sur-
vivors of the first year (that is, after the first year the arms
were no longer balanced). There was no benefit for any other
cardiovascular outcome, including angina or revasculariza-
tion procedures. Other important findings were a significant
increase in venous thromboembolism and a marginally
significant increase in gallbladder disease (84 in hormone

Overall CHD —_—
Year 1
Year 2 e
Year 3 ———
Year 4+5 s
0 0-5 1 1.5 2 2:5

Relative hazard (95% CI)

Figure 20.4 Relative hazard and 95% confidence intervals
for CHD in HERS over the entire trial duration and by year
since randomization*®

Table 20.4 Inhospital treatment and clinical outcomes of postmenopausal women with unstable angina randomized to

hormone therapy or placebo*’

Conjugated equine Conjugated equine estrogen Placebo
estrogen 1-25 mg 1-25mg plus MPA (n=99)
(n=100) 2:5mg (n=94) (%)
(%) (%)
Antiplatelet agent 92 93 98
Heparin 79 85 77
B blocker 75 7 80
Nitrate 74 72 77
Refractory ischemia 16 20 115
Revascularization procedure 36 35 34
Myocardial infarction 3 3 5
Death 5 5 3

Abbreviation: MPA, medroxyprogesterone acetate
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group and 62 in the placebo group, P= 0-05). There was no
reduction in fractures (130 compared to 138).

Thus, HERS provided some results for hormone therapy
that were expected (increased risk for venous thrombo-
embolism and gallbladder disease) and some that were unex-
pected (no overall reduction in CHD, and no reduction in
fractures). The trend over time for coronary disease was also
unexpected, and in fact the investigators anticipated that the
immediate effects of estrogen — for example, on fibrinolysis
and vascular reactivity — might have led to early benefit, sus-
tained in later years by beneficial changes in plasma lipid
concentrations. The observed early adverse effect needs to
be explained: possibilities include that hormone therapy
induces inflammatory changes in unstable plaques, or that a
procoagulant effect predominates early on. There is no doubt
that menopausal hormone therapy is procoagulant, as shown
by the excess of venous thromboembolism. The findings may
be explained by the existence of a subset of women who are
particularly susceptible to one or more of the adverse meta-
bolic or local tissue changes induced by hormone therapy,
and that the remaining women who did not have an early
event reap the later benefit of lipid lowering, Alternatively,
there may be no real benefit, and the apparent later benefit
may simply reflect a survivor effect in that women most sus-
ceptible to an adverse effect of the treatment have been
removed from the cohort. A post-hoc analysis of HERS data
indicated that women with higher lipoprotein (a) levels were
less likely to have an initial adverse outcome, and were more
likely to benefit in later years, presumably because some of
the adverse effects of the hormones were counteracted by
a reduction in high lipoprotein (a) levels.'?

One possible explanation for the HERS findings is that
MPA negated any possible benefit from estrogen, for example
by blocking the direct vascular effects of estrogen and
blunting the rise in HDL cholesterol induced by estrogen.
(However, it is noted that HDL cholesterol levels in fact
increased by 10%.) Another explanation might be that many
participants were receiving medications that would lower
risk for recurrent coronary events (for example, aspirin,
[ blockers, lipid lowering medications, and to a lesser extent
angiotensin-converting enzyme [ACE] inhibitors), thus mask-
ing any potential for benefit from estrogen. This seems
unlikely, but even if true the trial still demonstrates that hor-
mone therapy is not a useful adjunct to established secondary
prevention treatments. Other possible explanations offered
are that the women in HERS were too old and their arteries
too diseased to benefit from hormone therapy, or that the type
and dose of hormones was not optimal.**->° These explana-
tions ignore the fact that the observational studies suggesting
benefit and which prompted the need for HERS were con-
ducted in populations similar to that studied in HERS, and the
hormones were the same as those tested in HERS.

Though unexpected and controversial, the pattern of
early harm observed in HERS has found support in two

other secondary prevention trials for coronary disease and
one for stroke (and as noted above, in the WHI primary pre-
vention trial, a pooled analysis of short-term studies, and in
several observational studies).3>*2-44>1-33 Stimulated by the
HERS findings, a re-analysis of data from an earlier trial of
CEE 2-5mg/day in men with existing heart disease revealed
a pattern of no overall benefit but with increased risk for
CHD in the first 4 months after randomization (relative haz-
ard 1-58, 95% CI 1-04-2-40) similar to that found in HERS
for the same period (2-29, 95% CI 0-94-5-56).°! A trial of
transdermal estradiol (with cyclic norethisterone for women
with a uterus) was stopped after an average of 2-5 years
follow up for reasons of futility and possible harm
(Table 20.1).>? At the time of stopping this trial, 255 women
with angiographically defined CAD had been enrolled and
only 61% of women were still on estrogen. Though clearly
underpowered, with short follow up, and reported only in
abstract form, the results were nonetheless consistent with
HERS in that there was a 23% (P= 0-3) excess of unstable
angina, myocardial infarction, and death. Finally, the
Women'’s Estrogen for Stroke Trial (WEST) in women with a
recent stroke found that oral estradiol did not prevent recur-
rent strokes overall, and compared to placebo there was a
higher risk for fatal strokes, and a higher risk for all strokes
in the first 6 months.>® The combined data from these clini-
cal trials leave little room for doubt that, at least in women
with existing arterial disease (coronary or cerebrovascular),
estrogen use for up to 4 years is unlikely to result in benefit,
and in the first few months to a year is associated with an
increased risk for arterial complications.

One other trial testing estradiol valerate versus placebo in
1017 women with CHD is due to report results soon.>* A sec-
ondary analysis of safety data from a trial of raloxifene (a selec-
tive estrogen receptor modulator) in 7705 women with
osteoporosis showed no benefit for cardiovascular outcomes
over 4 years of treatment, but suggested a risk reduction of
40% (95% CI 5-62) in a subset of 1035 women with
increased cardiovascular risk at baseline.>® A randomized con-
trolled clinical trial of raloxifene (a selective estrogen receptor
modulator) versus placebo is underway in several countries in
order to test whether raloxifene reduces the risk for CHD and
breast cancer in women with existing heart disease or who are
at high risk for heart disease.”® This trial has enrolled 10101
women and the study is planned to end after 1670 partici-
pants have experienced a coronary event (expected in 2005).

Box 20.3

e Postmenopausal hormone therapy does not benefit
women with existing heart disease, and initiation of hor-
mone therapy after a coronary event may increase risk
in the short term.

o Observational studies of women with heart disease
suggest reduced risk for coronary disease in long-term
hormone users.
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Box 20.3 continued

e  Several observational studies suggest increased risk for
recurrent coronary disease during the first year in women
who initiate hormone therapy after a coronary event.

e Inarandomized controlled trial, conjugated equine estro-
gens and conjugated equine estrogens with MPA failed
to slow progression of coronary disease on angiography.

e Acute postmenopausal hormone therapy did not reduce
the rate of recurrent ischemia in women with unstable
angina.

e Two randomized controlled trials with clinical outcomes
failed to show benefit for postmenopausal hormones,
and provide evidence for an increased initial risk.

e The apparent reduction in risk after the first 2 years
observed in one of these trials is subject to a variety of
interpretations, including real long-term benefit or a sur-
vivor effect only.

Abbreviation: MPA, medroxyprogesterone acetate

Cerebrovascular disease

Primary prevention

Because stroke may be fatal, and often leaves the survivors
cognitively and functionally impaired, primary prevention is
of the greatest importance.

Observational studies

As reviewed elsewhere, the data for stroke are less
consistent than those for CHD.>’ Five case—control studies
of risk for incidence of all stroke or ischemic stroke reported
essentially null results, and six of 16 internally controlled
cohort studies reported a significant reduction in risk while
two reported significantly increased risk among hormone
users. Data on stroke subtypes are scanty and variable.
Among current users in five cohort studies, three studies
found essentially no effect on ischemic stroke while one
each found an increased risk and the other a decreased risk.
Similarly, the data on duration and type of hormone therapy
(estrogen alone or combined with progestin) are variable.
Data for thromboembolic, intracerebral hemorrhage, and
subarachnoid hemorrhage stroke subtypes are very scanty.
A meta-analysis of stroke studies suggested that, in aggre-
gate, estrogen users had the same risk for all incident
strokes as non-users; however, this meta-analysis antedated
the most recent data from the large Nurses’ Health Study.'
Examination of the 20 year follow up data from the Nurses’
Health Study is not entirely reassuring.?’ The relative
risk for all strokes (767 strokes during 808 825 person-
years) in current hormone users compared to never users
was 1-13 (95% CI 0-94-1-35), but for ischemic strokes (432
cases) the relative risk was somewhat higher (1:26, 95% CI
1-00-1-61). Furthermore, for all strokes and for ischemic
strokes there was a significant increase in relative risk at the

usual dose of 0-625 mg, with a further increase at the higher
dose of 1-25mg or greater (Figure 20.5). For example, at
the most commonly used dose of 0-625 mg/day the relative
risk for all stroke was 1-35 (95% CI 1-08-1-68) and for
ischemic stroke it was 1-:44 (95% CI 1-07—-1-93). The asso-
ciation of stroke with hormone use was stronger in women
who used estrogen combined with progestin (1-45, 95% CI
1-10-1-92) than in women who used estrogen alone (1-18,
05% CI 0-95—1-46). There was no excess of strokes in past
users. Unlike in CHD, duration of hormone therapy did not
appear to influence the risk for stroke (Figure 20.5).

<1 year
Duration of 1-1-9 years —_
hormone  2-4.9 years _
therapy 5 9.9 years —_
>10 years —_—
0-:3m —_—
Dose of conjugated 9
equine estrogens 0-625mg —_—
>1-25mg —

0025050751 12515175 2 2:25 25
Relative risk (95% CI)

Figure 20.5 Relative risks and 95% confidence intervals for
stroke by duration and dose of current hormone use in the
Nurses' Health Study?’

Data for fatal stroke are somewhat more consistent across
studies in suggesting an association with reduced risk in cur-
rent users. Of nine internally controlled cohort studies,
there was a significantly reduced risk in three, and with one
exception the point estimates for the remaining six studies
were below unity.”¢

Clinical trials with surrogate outcomes

A randomized placebo-controlled trial of oral estradiol in
202 (199 with evaluable outcomes) healthy postmenopausal
women aged 46-80 years found that the rate of progression
of carotid intima media thickness (IMT) over 2 years was
lower in those taking unopposed estradiol than in those on
placebo (P= 0-046).>® Adherence to study medications was
very good (95% in estradiol group and 92% in placebo
group). Per protocol, 122 participants received lipid lower-
ing medications (primarily statins) because their LDL
cholesterol values exceeded 160 mg/dl. The numbers were
similar in the estradiol and placebo groups. The participants
in the estradiol group who received lipid lowering medica-
tions lowered their LDL cholesterol levels by 20%, com-
pared to 15-1% change in the placebo group (P= 0-02), and
both estradiol and placebo groups experienced some regres-
sion of intima media thickness. In the 77 participants who
did not receive lipid-lowering therapy, estradiol lowered
LDL cholesterol by 10-5% compared to 1-1% in the placebo
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group (P = 0-001), and in this subgroup the estradiol group
but not the placebo group showed regression (P = 0-002 for
difference). The authors conclude that reduction in the pro-
gression of subclinical carotid atherosclerosis was seen in
women who did not take lipid lowering medication but not
in those who took these medications. From these results, it
would appear that estrogens would not augment the known
benefits of statins for inhibiting atherosclerosis.

Clinical trials

WHI is the only clinical trial of healthy women that has pro-
vided any indication of the effect of hormone therapy on
strokes. As noted above, study participants have been
informed of a small absolute increase in the number of
strokes in the hormone groups compared to the placebo
groups during the first few years of the trial.>> Stroke is also
a predefined outcome of interest in the WISDOM trial.*®

Box 20.4

o The effect of postmenopausal hormone therapy on
stroke in healthy women remains unknown.

o  Observational studies provide mixed results for strokes,
but several suggest no effect on stroke incidence but
some reduction in stroke mortality.

e The Nurses' Health Study suggested an increased risk
for ischemic stroke, and an increased risk for all strokes
at higher doses of estrogen or if estrogen was com-
bined with progestin.

e One randomized trial of estradiol showed less increase
in carotid intima media thickness in the subset of
women who did not receive statin therapy.

e One major clinical trial in healthy women has informed
participants of a small excess of strokes in the hormone
groups during the first few years of the study, but has
not published the results.

Secondary prevention

Clinical trials with surrogate outcomes

A randomized trial of oral estradiol 1 mg with standard dose
progestin (gestodene 0-025mg 12 days every month), or
estradiol with low-dose progestin (gestodene 0-025mg
12 days every third month), or placebo for 4 years in 321
women aged 40-70 at high risk for cardiovascular disease
(that is, carotid IMT >1 mm) failed to show any benefit for
reducing the rate of progression of subclinical atherosclero-
sis in the carotid arteries.”® Exclusion of the small number of
subjects (14%) who received lipid lowering therapy did not
alter these results. LDL cholesterol decreased by 13% in the
active treatment groups and fibrinogen by 20%. Adherence
was good with only 12-20% of participants discontinuing
study medications; compliance was 98% in the remaining
participants. Reasons for the difference in outcome of this
study with the study of Hodis et a/°® are not known. It is

possible that the addition of a progestin to the estradiol may
have negated the effects of estradiol, but the fact that the
results in the standard and low-dose gestodene groups did
not differ argues against that possibility. Though this study is
regarded as secondary prevention, the distinction is some-
what artificial and is based on the entry level of carotid IMT.

Clinical trials

Where HERS examined the effect of hormone therapy on
recurrent coronary disease, WEST is its counterpart for
recurrent stroke.>® There are important parallels between
the two trials, and also a few differences. WEST randomized
664 women aged 46-91 who had suffered a transient
ischemic attack or stroke in the previous 90 days to receive
oral estradiol 1mg or placebo and followed them for an
average of 2-8 years. By the end of the trial 34% had stopped
estradiol and 24% had stopped placebo. Compared to
placebo, estradiol had no effect on the primary outcome of
combined non-fatal stroke and all-cause mortality, or on
non-fatal stroke or death individually (Table 20.5). However,
estradiol increased the risk for fatal stroke (relative risk 2-9,
95% CI 0-9-9-0) and the non-fatal strokes in the estradiol
group were associated with more functional and neurologic
deficits. A post-hoc analysis of strokes by time since ran-
domization indicated that during the first 6 months, there
were three fatal strokes and eighteen non-fatal strokes in the
estradiol group, compared to one fatal and eight non-fatal
strokes in the placebo group (relative risk for any stroke 2-3,
95% CI 1-1-5-0). There were no differences in the rates of
transient ischemic attacks or myocardial infarction.

Table 20.5 Selected outcomes according to treatment
assignment in the WEST®?

Outcome Estradiol Placebo Relative
group group hazard
(n=337) (n=327) (95% ClI)
Death or 99 98 11 (0-8-1-4)
non-fatal stroke
Death 48 41 1:2 (0-8-1-8)
fatal stroke 12 4 2.9 (0:9-9:0)
CHD 11 18 0:8 (0-4—19)
Non-fatal stroke 51 59 1:0 (07-1-4)
Non-fatal 14 12 1:2 (0:5—2:5)
myocardial
infarction

HERS has published a more complete analysis of the
stroke data, which indicated that there was no significant
effect of hormone therapy on any category of stroke (fatal,
non-fatal, ischemic, hemorrhagic, any stroke, transient
ischemic attack).®® However, the point estimate was above

253



Evidence-based Cardiology

unity for each category except transient ischemic attack
(0-90, 95% CI 0-57—-1-42), and the highest relative risk was
for fatal stroke (1-61, 95% CI 0-73-3-55). The trend
towards an excess of more severe strokes in the hormone
group is similar to that observed in WEST.

Box 20.5

o Postmenopausal hormone therapy has no effect on the
overall risk for strokes in women with existing cerebro-
vascular disease or with existing CHD.

e Observational studies suggest no effect of post-
menopausal hormone therapy on stroke incidence but a
possibly reduced risk for fatal strokes.

o Estradiol failed to reduce progression of carotid intima
media thickness in a randomized controlled trial.

e A randomized controlled trial of estradiol in women who
had recently suffered a stroke failed to show benefit for
recurrent strokes, but strokes in the active treatment
group tended to be more severe and there was
increased risk for strokes in the first 4 months after
randomization.

e A secondary prevention trial of women with CAD did
not show benefit for strokes, and fatal strokes were
non-significantly higher in the active treatment group.

Venous thromboembolism

Observational studies

Early observational studies did not suggest an increased risk
for venous thromboembolism (deep vein thrombosis or pul-
monary embolism) in postmenopausal hormone users; how-
ever, as reviewed elsewhere, several more recent studies have
found a two- to fourfold increased risk in hormone users.®!
The studies are consistent in showing an increased relative
risk for current but not past use of hormones. Recent onset of
current use conferred higher risk than long duration of use,
consistent with an immediate effect on coagulation factors.
Some but not all studies reported a dose-response relationship.
Estrogen alone, as well as estrogen with progestin, appeared
to be associated with higher risk. Though transdermal estra-
diol causes less perturbation of coagulation proteins than oral
estrogen, one study suggested that the risk for venous throm-
boembolism was present for this formulation also.

Clinical trials

Venous thromboembolism is usually recorded as an adverse
effect in clinical trials of hormone therapy. A pooled analysis
of short-term trials found five thromboembolic events in the
hormone groups and one in the control groups.>> HERS
found a significant, almost threefold increase in the risk for
venous thromboembolism (34 in the hormone group and
13 in the placebo group, relative hazard 2-7, 95% CI
1-4-5-0, P=0-003).9? The trend towards higher excess risk
in the first few years was not significant, and some excess

persisted over the duration of the study. These findings on an
adverse event from a clinical trial are very similar to those from
the observational studies. In exploratory analyses, other risk
factors for venous thromboembolism included older age at
menopause, lower extremity fractures, cancer, being within
90 days of inpatient surgery, or non-surgical hospitalization.
After non-fatal MI the risk was increased for 90 days. Use of
statins or aspirin appeared to decrease risk; it should be noted,
however, that these were non-randomized comparisons and
that the large number of comparisons performed may have led
to chance findings. The WEST study investigators stated that
there were no differences in venous thromboembolism
between treatment groups.>> As noted above, healthy women
in the WHI have been informed of an excess risk during the
first few years of the study.>> Some trials with intermediate or
surrogate outcomes (for example, the Postmenopausal
Estrogen-Progestin Interventions and ERA) have also noted
small numbers of venous events, with more events in the
active treatment groups than the placebo groups, although
numbers were too small for statistical testing.”®

One randomized controlled trial, initiated before it was
known that estrogen increases risk for venous thrombo-
embolism, strongly suggested that hormone therapy
increases the risk for recurrent events.®> Women with prior
venous thromboembolism (n=140) received either oral
estradiol 2mg and norethisterone acetate 1 mg or placebo
for 2 years. Though predefined stopping boundaries had not
been crossed, the trial was stopped prematurely because of
the emergence of data from observational studies and clini-
cal trials, and the clustering of end points (recurrent venous
thromboembolism) in one treatment group. There were
eight events in the active treatment group (10-7%) and one
in the placebo group (2-:3%) indicating a 4-6-fold increase in
the hormone group. All of the recurrent events in the active
treatment group occurred during the 9 months, while the
single event in the placebo group occurred at 14 months.
Five of the eight cases with recurrent events in the hormone
group also had familial thrombophilia (three with factor V
Leiden, two with anticardiolipin antibodies).

Box 20.6

e Postmenopausal hormone therapy increases the risk for
venous thromboembolism two- to fourfold.

e Theriskis increased more markedly in the first few months
to years after initiation, but persists for up to 4 years.

o Several observational studies have shown an
association of hormone therapy with risk for venous
thromboembolism.

e A pooled analysis of short-term clinical trials suggested
an increased risk for venous thromboembolism, but
numbers were small.

e One major clinical trial in healthy women has informed
participants of a small excess of venous thrombo-
embolism in the hormone groups during the first few
years of the study, but has not published the results.

contd

254



Postmenopausal hormone therapy and cardiovascular disease

e A large trial for the secondary prevention of coronary
heart disease showed an increased risk for venous
thromboembolism.

e A randomized trial in women with prior venous throm-
boembolism strongly suggested that hormone therapy
increases the risk for recurrent events, particularly in
women with familial thrombophilia.

Treatment recommendations

Based on current evidence, postmenopausal hormone ther-
apy is not recommended for prevention or treatment of
CHD or stroke.% For primary prevention, the American
Heart Association (AHA) states that firm recommendations
should await the results of ongoing randomized clinical tri-
als, and that there are currently insufficient data to suggest
that hormone therapy should be initiated for the sole pur-
pose of primary prevention of cardiovascular disease.®
The AHA makes a stronger statement that hormone therapy
should not be initiated for the secondary prevention of
cardiovascular disease; however women on hormone ther-
apy for several years do not necessarily have to stop since
they have presumably passed through the period of initial
increased risk. Women with a prior history of venous throm-
boembolism should be counseled against using hormone
therapy.%?

Because the trials have failed to show benefit for second-
ary prevention, and there are no published trial data for
primary prevention, in both instances decisions about
hormone therapy should be based on established non-
cardiovascular risks and benefits.®* The major proven bene-
fits of estrogen are relief of the symptoms accompanying the
menopause, urogenital atrophy, and prevention of osteo-
porosis. Known risks include endometrial cancer, venous
thromboembolism, pancreatitis (in women with high blood
triglycerides), and gallbladder disease. At the average age of
menopause, the risk for cardiovascular and non-cardiovascu-
lar disease conditions is low, and therefore, the short-term
use of estrogens to manage the menopause is not at issue.%

However, long-term use (5 years or more) of hormone
therapy is more problematic, given the possible increase in
breast cancer associated with prolonged use.®> Calculations
show that in older women and with prolonged use, the
potential risks for breast cancer, stroke, and venous throm-
boembolism, may outweigh the potential benefit for reduc-
tion in fractures if the treatment does not reduce risk for
CHD.% Since CHD and stroke are by far the most common
causes of disease and death in older women, the clinical
trial data on the long-term effects of hormone therapy on
cardiovascular disease will provide the key information on
whether long-term estrogen should be prescribed for any
indication in older women. If these trials show that long-
term use confers cardiovascular benefit (and if methods are

found to screen out women at high initial risk for cardiovas-
cular complications), then hormone therapy may in future
play a more prominent role as a viable prevention strategy.

However, until these clinical trial data are known, it may
be wise to consider alternatives to hormone therapy even
for proven indications such as prevention of osteoporosis.®®
For osteoporosis prevention, exercise, diet, calcium, and
vitamin D may be recommended, and for treatment the bis-
phosphonates and raloxifene have been shown to prevent
fractures. Lifestyle measures and medical management of
risk factors such as high blood cholesterol and high blood
pressure will prevent many cases of CHD and stroke, and
for secondary prevention of CHD aspirin, statins, B block-
ers, and ACE inhibitors have all been found to be effec-
tive.% The AHA statement acknowledges that the current
recommendations are based mainly on data from trials using
standard doses of conjugated equine estrogens and medrox-
yprogesterone, and that evidence is insufficient for different
preparations, routes of delivery, and doses that may have a
more favorable or more adverse effect on cardiovascular
outcomes.

Box 20-7

e Postmenopausal hormone therapy is not recommended
for primary prevention of CHD, because the observa-
tional studies may have overestimated benefit, and there
are no substantial clinical trial data. Grade B

o If there is no benefit from reductions in CHD, the poten-
tial harm from breast cancer, endometrial cancer, venous
thromboembolism, gallbladder disease, and pancreatitis
may exceed the benefit from reduced fracture risk.

Grade B

e Postmenopausal hormone therapy is not recommended
for secondary prevention because trials have not shown
benefit for CHD or stroke, and observational studies and
trials suggest cardiovascular harm in the first few
months to 1 year after initiation. Grade A

e Until and unless the currently ongoing clinical trials
provide evidence to the contrary, the focus of CHD
prevention efforts should be on proven effective and
safe measures. Grade A

e Reasons for early coronary harm need to be identified
with a view towards screening out a subset of women at
high risk.

e Clinical trials of different hormone regimens (dose,
formulation, route of administration) are needed.

e Women with prior venous thromboembolism should be
counseled against using hormones. Grade A

Addendum

On July 9, 2002, the National Heart, Lung, and Blood
Institute announced that the WHI trial®” of estrogen plus
progestin versus placebo in 16608 healthy women with
an intact uterus had been stopped early, after an average of
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5-2 years of follow up rather than the planned 8-5 years. The
reasons for stopping were that an increased risk for breast
cancer started emerging at 4 years, which by 5 years had
crossed the prespecified monitoring boundary. In addition,
there was evidence of overall harm. At the time of stopping,
the hazard ratios (HR) for the major adverse effects were:
breast cancer 1-26 (95% CI 1-00-1-59), CHD 1-29 (95% CI
1-02-1-63), stroke 1-41 (95% CI 1-07-1-85), and pul-
monary embolism 2-13 (95% CI 1-:39-3:25). There were
benefits for colorectal cancer, HR 0-63 (95% CI 0-43-0-93),
and for hip fracture, HR 0-66 (95% CI 0-45-0-98), while
endometrial cancer and all-cause mortality were not affected.
The investigators conclude that the risk-benefit profile found
in this trial is not consistent with the requirements for a
viable prevention treatment, and in particular that this regi-
men should not be initiated or continued for the primary pre-
vention of CHD. In addition, the substantial risks for
cardiovascular disease and breast cancer must be weighed
against the benefit for fracture in selecting from the available
agents for osteoporosis. WHI has answered the question of
whether combined estrogen plus progestin, given by mouth
for several years, prevents cardiovascular disease: it does not,
and it does in fact increase the risk. However, as stated by the
investigators, the use for a few years (less than 4 years) to
treat the symptoms of menopause may be reasonable, since
the benefits may outweigh the small absolute risk of cardio-
vascular disease in younger women. Of importance, the WHI
trial of estrogen only in women who have had a hysterec-
tomy is continuing, because the overall balance of benefits
and risks remains uncertain.

Disclaimer

The views expressed in this chapter are those of the author
and do not necessarily reflect the views or policy of the
National Heart, Lung, and Blood Institute, or of the Steering
Committee of the Women’s Health Initiative. The conclu-
sions are based on a review of the published literature
and public documents, and not on any confidential or
unpublished information to which the author might have
access.
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2 1 Ethnicity and cardiovascular disease

Sonia S Anand, Stephanie Ounpuu, Salim Yusuf

Introduction

The major risk factors for cardiovascular disease (CVD), which
include elevated blood pressure, elevated cholesterol, cigarette
smoking, and diabetes, have been derived from epidemiologic
studies conducted primarily in white populations.! Globally,
non-white populations constitute the majority of the world’s
population, although the most influential risk factors for CVD
in these populations remain unconfirmed. Ethnicity-related
research provides important epidemiologic information that
documents the rates of known risk factors for a disease, identi-
fies new risk factors, provides us with clues regarding similari-
ties and differences in disease causation, and allows us to
define high-risk populations for specific diseases.? Further,
knowledge of variations in response to preventive strategies,
medical therapies, and healthcare utilization patterns can lead
to specific prevention strategies that are appropriately tailored
to culturally diverse groups. Therefore, studies that explore
reasons for the differences in CVD rates among ethnic popula-
tions are of major public health importance.

General issues

Defining ethnic groups

The concept of race was based on the belief that members
of a race were homogeneous with respect to biological
inheritance.? However, over the past 20 years, as our ability
to unravel the genetic code has increased, there is little evi-
dence to support the contention that the historical “racial”
divisions represent differences in genetic make-up.>*

Ethnicity on the other hand is used to describe a group of
people whose lifestyles are characterized by distinctive
social and cultural traditions which are maintained within
the group and passed on from generation to generation.
Therefore ethnicity has both sociocultural and biological
components.’ Given that variations in disease rates between
populations may be explained by socioeconomic, socio-
cultural, biologic, and genetic factors, classification by ethnic
origin rather than race is desirable.’

Interpretation of studies in ethnic populations

The methodologic limitations of studies of ethnic popula-
tions must be recognized.” Mortality statistics often provide

the first clues of differences in CVD rates between ethnic
groups. Most developed countries have methods to collect
reliable mortality statistics, although this system is not
as well developed among poor nations.? In developing coun-
tries, where mortality statistics are not available, conclu-
sions about disease rates are usually based upon data
from sample registration systems, community surveys, and
hospital admissions.

Worldwide patterns of disease

Globally, 58-8% of the total global morality is attributable to
non-communicable diseases such as cardiovascular disease
(CVD), cancer, and diabetes.” CVD accounted for approxi-
mately 30-9% of all deaths in 1998, as well as 10-3% of the
total disease-related burden.'® Approximately 78% of global
CVD mortality, and 86% of the global CVD morbidity is
experienced in the low and middle income countries.?!!

In most developed countries CVD rates are declining due
to primary prevention of CVD risk factors, and improved
secondary prevention strategies.'> However, in developing
countries an epidemiologic transition from acute infectious
diseases to a rise in the major non-communicable diseases
is occurring. Reasons for this include increasing life exp-
ectancy associated with a decline in childhood and adult
deaths from infections, and an increase in the prevalence
of CVD risk factors associated with industrialization and
urbanization.'3

Population differences in the CVD mortality rates are
influenced by geographical and environmental differences.
Ethnic variations in disease rates are closely tied to
geographical patterns of disease.! Often the first clue that
ethnic variations in disease burden exist comes from obser-
vations made between countries. These geographical differ-
ences have provided many of the initial hypotheses of the
association between lifestyle factors and CVD. One of the
first epidemiologic studies to highlight the variation in coro-
nary heart disease (CHD) rates between countries was the
Seven Countries Study.' In this major longitudinal cohort
study, 16 cohorts of men aged 49-59 years were examined
and followed for CHD mortality and total mortality. Large
differences in CHD mortality between countries were
observed, with low CHD rates in Japan and the
Mediterranean countries, and high CHD rates in Finland
and the USA. These differences were in large part explained
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Table 21.1 Inter-country CVD mortality rates, 1996-99
Country CHD CBVD CHD CBVD
mortality mortality rates mortality rates mortality rates
rates (men) (men) (women) (women)
Russian Federation (1998) 639 361 230 2929
Finland (1998) 288 72 81 40
USA (1999) 230 11 95 53
Argentina (1996) 140 116 39 63
China, rural (1999) 64 243 41 152
China, urban (1999) 106 217 71 147
France (1998) 85 41 21 292
Japan (1997) B7 79 20 41

“Rates for ages 35—74 per 100000, adjusted to the European Standard population.

Source: Bothing (MONICA Project)'®

by differences in diet, serum cholesterol, and blood pres-
sure. More recent data from WHO MONICA (MON!Itoring
of trends and determinants in CArdiovascular disease),
a CVD surveillance project which includes 117 reporting
units in 40 centers from 26 countries,'® indicate a greater
than 14-fold difference in CHD mortality among men, and
more than 11-fold differences in CHD mortality for women
exists between countries (Table 21.1). These inter-country
observations have raised questions as to whether these dif-
ferences are due to differences in ethnic group susceptibility
to CVD, differences in environmental factors, or both.

Migrant groups

Observational studies reveal that when members of a given
ethnic group change to a new environment (migration) their
physical response to a given set of environmental factors
differs from those who remain in their native lands. This sug-
gests that environmental influences are very powerful factors
in CVD causation. Conversely, despite different environ-
ments, similarities in disease rates within an ethnic group
suggest a predominant genetic propensity towards or protec-
tion from CVD. Comparing the mortality rates of long-settled
migrants to the disease rates in their country of origin helps
to establish the relative contribution of genetic and environ-
mental influences to differences in mortality rates. The
Ni-Ho-San Study of Japanese migrants to Hawaii and San
Francisco revealed that changes in disease rates in this popu-
lation likely reflected changing environmental influences.!”
The age adjusted CHD mortality rate rose as the Japanese
moved from Japan, to Hawaii, and to California. More than
half of the increase in CHD was attributable to different lev-
els of conventional risk factors, as the US cohort had a higher
fat diet and higher mean serum cholesterol compared to the
Hawaii or Japan cohorts.!” This suggests that the low rates
of CHD mortality in Japan may be attained in Japanese

migrants by maintaining their risk factors at levels similar to
those in Japan. This, however, can only be achieved if the
Japanese maintain their traditional lifestyle, most notably
their dietary and physical activity patterns.

Specific ethnic groups

The following sections review the CVD profile of seven
major ethnic groups. Based on the best available data, we
will document their disease burden and changes in disease
rates over time, and review common/influential CVD risk
factors. We then suggest special ethnic group specific pre-
ventive strategies which need to be developed or reinforced.

European origin (including North Americans)

People of European origin include those who originate from
Northern Europe such as the Nordic countries and Germany,
Western Europe including the United Kingdom and France,
Southern Europe including Spain and Italy, and Eastern
Europe which includes the Slavic countries.

Disease burden

Differences in the Age Standardized Mortality Rates (ASMR)
vary widely between European populations. Data from the
WHO indicate that wide variations in disease rates exist
between the Eastern European countries and Southern
European countries such as Italy and France.'® In 1998, the
ASMR for CHD among males in the Russian Federation was
639 per 100000 compared to 85 per 100000 among males
in France.'® The cerebrovascular disease (CBVD) ASMR was
361 per 100000 among males in the Russian Federation
compared to 41'® per 100000 in France.!® Although in all
countries the CVD mortality rates are much lower among
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Table 21.2 CVD mortality rates in selected Eastern European countries

Country CHD mortality CBVD mortality CHD mortality CBVD mortality
rates (men) rates (men) rates (women) rates (women)
1996/98 1996/98 1996/98 1996/98
Bulgaria 216/222 183/189 126/131 140/144
Czech 240/207 122/112 129/106 92/91
Republic
Estonia 392/385 166/150 208/203 120/117
Kyrgyzstan 328/326 295/207 196/190 172/164
Latvia 394/382 204/190 178/195 152/151
Romania 247/232 212/202 155/149 172/161
Ukraine 454/453 187/172 279/277 141/133

Source: WHO'® and Thorvaldsen et al (MONICA Project)'®

women, these impressive between-country differences
persist. Over the past 30 years most European countries
have experienced declines in the CVD mortality rates. The
Eastern European countries (for example, Ukraine, the
Russian Federation, Hungary, and the Czech Republic) con-
tinue to have among the highest rates of CHD and CBVD
in the world, with a few showing a decline (Poland) and
several showing an increase (Ukraine) (Table 21.2).18:1

Common risk factors

Throughout European populations the high rates of CVD
are mainly attributable to the classical CVD risk factors,
namely diets high in saturated fats, elevated serum choles-
terol, elevated blood pressure, diabetes, and smoking. The
epidemic of CVD in the Eastern European countties is in
part related to high levels of smoking in the face of diets
high in saturated fat, along with excessive alcohol consump-
tion and social disparity.!#?° Research to explain why the
[talian and French populations remain relatively “protected”
from CHD has yielded numerous hypotheses. It is likely that
dietary differences primarily account for the differences in
disease rates. It is believed that the high consumption of
monounsaturated fats such as olive oil and antioxidants are
responsible for the low rates of CHD in Italy. In France,
despite having similar saturated fat consumption, serum
cholesterol, blood pressure, and smoking, the CHD mortal-
ity rate remains very low.?! This immunity to CHD has been
attributed to high consumption of ethanol (wine), which is
usually ingested with meals and may offer cardioprotection
by increasing HDL cholesterol levels, or inhibiting post-
prandial hyperlipidemia and platelet aggregation.?? Others
believe the lower rate of CHD mortality may simply be due
to a time lag between increases in consumption of animal fat
and elevations in serum cholesterol concentrations (which
have occurred only recently) and the expected increase
in CHD mortality.?* The total mortality rate in France is no

different from other Western countries, which suggests
an increase in alcohol-related non-CHD deaths such as
cirrhosis occurs.?2

Influential risk factors

CHD, like other epidemics, relates closely to social condi-
tions and its prevalence appears to be strongly related to the
social and cultural conditions of society more so than its
genetic make-up. This is evidenced by the rapid decline in
the rates of CHD in parallel to economic changes in the
United States and Japan, and the increase in CHD rates
in the Eastern European countries. These changes have
occurred too quickly for changes in gene frequencies to
have occurred.!# Therefore, rather than explaining differ-
ences in CHD rates between populations largely on genetic
differences, rapid changes in CHD rates can occur and are
usually explained by changes in diet (including alcohol
consumption), smoking or economic factors.

Special approaches to prevention

[t is clear that major lifestyle changes, and vigilant treatment
of risk factors, result in declines in CVD rates. In Finland,
an impressive 60% reduction in CHD mortality and stroke
was observed between 1972 to 1994, and it is estimated that
approximately 75% of this decline in CHD mortality can be
explained by a substantial lowering of serum cholesterol by
13% (0-88mmol/l) in men and by 18% (1-19 mmol/1)
in women, diastolic blood pressure by 9% (6-6 mmHg) in
men and 13% (12-2mmHg) in women, and a significant
reduction in smoking rates (30% in men).2*

Furthermore in the USA a 34% decline in CHD mortality
occurred between 1980 and 1990. One quarter of this
decline is attributable to primary prevention efforts, and
20% is explained by secondary prevention efforts such as
reduction in serum cholesterol, diastolic blood pressure,
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and smoking. Furthermore, 43% of this decline is attributed
to improved medical and surgical management in patients
with established coronary disease.?> More recently in
Poland, during the 1990s, a rapid decrease (about 25%) in
CHD deaths in early middle age was observed. This decline
in CHD rates is attributed in large part to marked dietary
changes such as the reduction in consumption of animal
fats.20 Therefore efforts at reducing the consumption of ani-
mal fat, diastolic blood pressure, and decreasing tobacco
consumption can lead to large reductions in CHD deaths.
By contrast, a marked increase in death rates from CVD,
accidents, violence, and infectious diseases has been
observed in Russia over a relatively short time period, and
is thought to be due to socioeconomic upheaval.?’ The
rapidity with which CV diseases rise (as in Russia) or fall (as
in Poland) indicates that societal factors can have a substan-
tial and rapid impact on disease rates.

Japanese

Disease burden

Mortality rates from CVD are much lower in Japan than
Western countries'® (see Figure 21.1) Initial data from the
Seven Countries study confirmed that the Japanese experi-
ence relatively lower rates of CVD compared to Western
populations.'> In Japan, the pattern of CVD differs from
Western populations as they tend to experience relatively
higher proportions of CBVD (ASMR: M 79, F 41,/100000)
and less CHD (ASMR: M 57, F 21/100000).

Temporal trends

In parallel with a rise in economic prosperity, the CHD
rates in Japan have declined more markedly than those of
Western countries. For CHD the ASMR has decreased from
47/100000 in 1995 to 42/100000 in 1997 among males,
and from to 25 to 21/100000 during the same time period
among females.'® Given the low rate of CHD in Japan, the
life expectancy in Japan is among the highest in the world.?®
The mortality from CBVD has also declined substantially in
men and women in Japan since 1950.'% Between 1995 and
1997, ASMR decreased for both men from 82/100000 in
1995 to 79/100000, and in women from 54 to 41 during
the same time period. Dietary changes such as reduction in
salt consumption and increased pharmacologic treatment of
hypertension in a socially stable environment are probably
responsible for the declines in CHD and CBVD.!4%8

Common risk factors

A review of CVD risk factors in the Japanese population
reveals that hypertension is the most significant determinant
of CVD, more so than cholesterol and cigarette smoking.?®

Low serum cholesterol related to a diet low in saturated fat
and cholesterol is probably responsible in part for the low
rates of CHD mortality observed in the Japanese. Despite
the fact that two thirds of Japanese men smoke, CHD rates
remain unexpectedly low. However, the prevalence of type 2
(non-insulin dependent) diabetes in Japanese males and
females is higher than the rates in most Western countries.
In the Hisayama cohort study the prevalence of type 2 dia-
betes was 13% in males, and 9% in females and the relative
risk of type 2 diabetes for CVD was 3-0 (95% CI 1-8-5-2).%°
Furthermore, the prevalence of type 2 diabetes appears
to be increasing among young children, with a 1-5-fold
increase observed over the past two decades among
children younger than 18 year of age.3® This increase has
been associated with the increasing prevalence of obesity.
Therefore, type 2 diabetes appears to be an emerging and
important risk factor for both stroke and CHD in the general
Japanese population.?®3!

Influential risk factors

Over the past 30 years blood pressure levels have declined in
Japan due to increased diagnosis and treatment of hyperten-
sion.*? However, during this period a two- to threefold
increase in glucose intolerance and type 2 diabetes, as well
as obesity, and more recently hypercholesterolemia (the
mean cholesterol is only 10% lower than in the USA in
1989) has occurred.?®3! The increase in diabetes, obesity,
and serum cholesterol is most likely due to “Westernization”
of Japanese lifestyle. It is possible that as cholesterol levels
and glucose levels rise the impact of high cigarette smoking
may result in increased CVD rates in the future.

Special approaches to prevention/treatment

With increasing adoption of urban lifestyles in Japan,?
the rates of CHD risk factors are approaching those of
Americans. Ecological studies between Japan and the USA
demonstrate this difference in CHD rates may be explained
by differences in diet and serum cholesterol. However,
recent studies have documented that the average serum
cholesterol concentration among Japanese has increased
from 1980 to 1989. The age adjusted total serum choles-
terol levels increased from 4-84 to 5-22 mmol/1 in men and
from 4-91 to 5-24mmol/l among women, and this com-
bined with the substantial use of tobacco among Japanese
males (59%) suggests that Japan may soon experience a
significant increase in CHD rates.?® Therefore, mainte-
nance of a low fat diet, prevention of obesity (through
decreased energy intake and regular physical activity), and
avoidance of cigarette smoking should prevent the
development of elevated cholesterol, type 2 diabetes, and
ultimately CVD.
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Chinese

Disease burden

Although the overall mortality from CVD is less in China
than in Western countries, CVD is the most common cause
of death in mainland China and Taiwan. When compared
to Western populations, Chinese experience higher stroke
rates, and relatively lower rates of CHD, a pattern similar to
that observed in Japan. In 1999 in urban China, the ASMR
for CHD in men aged 35-74 was 106/100 000 and women
71/100000.'® These rates are fivefold lower than the high-
est rates observed in the MONICA project from Western
and Eastern Block countries.'® In 1999, the ASMR for
CBVD in men aged 35-74 was 217 and 147 per 100000
in Chinese women.'® Recent data from the Sino-MONICA
study in China reveal that by international standards, the
incidence of CHD in Chinese is low. The highest incidence
was 108-7/100000 (1987 to 1989) for men 35-64 years of
age whereas by international standards the incidence of
cerebrovascular disease is high. The highest incidence of
stroke was 553-:3/100000 (1987 to 1989) for men 35-64
years. There were significant geographic variations in both
CVD incidence and mortality rate, with higher rates in
the north and lower rates in the south. Comparison with
five stroke registries from the West suggests that intracere-
bral hemorrhage occurs between two and three times more
frequently in the Chinese than in Caucasians.’®> Only
6—-12% of strokes in whites are reported as intracerebral
hemorrhages compared to 25-30% of hemorrhagic strokes
in Chinese.!”

Temporal trends

Death rates from the major adult CVD (particularly CHD)
have been increasing in China in recent decades.3
Mortality attributable to CVD increased from 86/100000
(12% of total death) in 1957 to 214/100000 (36%) in a
recent analysis of urban Chinese.* Although most Western
countries report a decline in CVD mortality, the decline in
stroke deaths in China has not been as striking. A recent
study in Shanghai from 1984 to 1991 reported no changes
in the stroke incidence, yet a decline in the case fatality rate
from stroke in both rural and urban China.? In China, CVD
mortality increased as a proportion of total deaths from
12:8% in 1957 to 35-8% in 1990.3> This rise is attributable
to the rapid pace of urbanization, with the associated
lifestyle changes. Data from the Sino-MONICA project,
which is a 7 year study monitoring trends and determinants
of cardiovascular disease (CVD) in geographically defined
populations in different parts of China, indicate that
between 1987 to 1993 increasing trends were found in
CVD rates in some populations, whereas decreasing trends
were found in others.*

Common risk factors

A case—control study from Hong Kong of acute myocardial
infarction (AMI) sufferers provides evidence that conven-
tional CVD risk factors are important among people of
Chinese origin.%” The odds ratio for AMI associated with
cigarette smoking was 4-3, 3-3 for hypertension, and 2-4
for diabetes. Although the mean serum cholesterol among
Chinese would be considered low by Western standards,
a prospective observational study of approximately 9000
Chinese in urban Shanghai demonstrated that serum choles-
terol was directly related (continuous relationship) to CHD
mortality even at these low levels.® Cigarette smoking is
highly prevalent among Chinese males, as over 60% of men
smoke and there is evidence that these rates are increas-
ing.3%40 Positive associations between body mass index
(BMI) and CV risk factors have also been reported for a
very lean rural Chinese population (mean BMI approxi-
mately 20).*! While the problem of underweight and
undernutrition still exists in rural China, the prevalence of
overweight is increasing in both urban and rural areas,
with larger increases observed among urban residents.*?
Further, in a recent prospective cohort study conducted
among 37 655 urban Chinese, systolic blood pressure was a
significant determinant of stroke, as the risk of stroke
increased by 25% for every 10 mmHg rise in systolic blood
pressure.*?

Influential risk factors

Although the rates of cigarette smoking are high, elevated
blood pressure appears to be the most influential risk factor
for CVD in this group. However, with increasing urbanization
(increasing BMI), and the subsequent increase in serum cho-
lesterol, these factors may lead to increased rates of CHD.

Geographic variations

Trends in morbidity and mortality from CVD within China
indicate that the mortality rate attributable to CVD is higher
in North China (Beijing) than in South China (Guangzhou)*
(Table 21.3). Comparison of urban and rural areas in China
indicate that CHD rates increase by twofold in urban areas
compared to rural areas, although the stroke rates are higher
among rural Chinese compared to urban dwellers, espe-
cially among men** (see Table 21.1). The prevalence of
hypertension, mean serum cholesterol, and mean BMI were
all lower in the South compared to the North and in rural
compared to urban areas (see Table 21.3). However, the
greatest differences in the prevalence of cigarette smoking
exist between men and women (74% v 20%), and it does
not share the same geographic distribution as do the other
major CVD risk factors.
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Table 21.3 North (Beijing)-South (Guangzhou) and urban-rural comparisons of CVD risk factors in China

Factor Urban Beijing Rural Beijing Urban Guangzhou  Rural Guangzhou
Hypertension (men) (%) 296 255 94 7-6
Hypertension (women) (%) 251 17-9 124 4-0
Cholesterol (men) (mmol/I) 4.78 442 471 411
Cholesterol (women) (mmol/I) 4.83 434 4-83 4.0
HDL (men) (mmol/I) 137 1-39 1-29 1-26
HDL (women) (mmol/I) 1:62 1-47 1-37 1:24
Smoking — current (men) (%) 710 780 730 770
Smoking — current (women) (%) 230 310 3:0 70
BMI (men) 230 22:0 210 200
BMI (women) 240 230 292:0 200

Source: PRC-US Cardiovascular and Cardiopulmonary Epidemiology Research Group**

Migrant patterns

Data from Chinese migrants to Singapore and Mauritius pro-
vide evidence that the effects of exposure to urban environ-
ments lead to adverse risk factor profiles for CVD.*>%
Another survey of three populations undergoing three differ-
ent grades of transition in mainland China and Taiwan
confirmed that adverse risk factor profile (based on blood pres-
sure, BMI, lipid levels, HbAlc and dietary patterns) was asso-
ciated with increased level of urbanization.*” In a comparative
study of Chinese migrants to Mauritius the prevalence of
CHD revealed by ECG was six times greater (24% v 4%) than
in Beijing, China. Also, the prevalence of diabetes and the
mean serum cholesterol was higher in Mauritius Chinese
(5-5mmol), than in Beijing Chinese (4-4mmol/1), whereas
the prevalence of hypertension and smoking was greater in
Beijing.*® Therefore, although the prevalence of hypertension
and smoking may decline with migration, the rates of obesity,
late onset diabetes, elevated serum cholesterol, and CHD
appear to increase. A comparison of rural Chinese in China to
urban Chinese subjects living in Hong Kong and Australia,
found that despite a slightly better risk factor profile among
the urban Chinese (based on HDL cholesterol and lower
blood pressure), carotid atherosclerosis was lower among the
rural subjects (0-50 +0-10mmHg) than among urban sub-
jects (0-56 + 0-12mmHg).*® Among Chinese migrants to
Canada, Chinese exhibit markedly lower rates of CHD com-
pared with other groups, and have low and similar rates of
CBVD compared with Canadians of South Asians and
European origin.* Given that Canada has the second lowest
rate of strokes in the world, these data indicate that marked
declines in stroke rates can occur among Chinese without a
concomitant increase in CHD. The low rates of risk factors
among Chinese in Canada are accompanied by relatively
lower prevalence of the conventional CV risk factors, athero-
sclerosis, and CHD.*® These data also suggest that if risk

factors levels rise among Chinese to levels that are similar to
Europeans, the rates of CHD may become similar.

Special approaches to prevention

Economic modernization in China is resulting in an
increased prevalence of conventional CVD risk factors over
time in urban populations.3%#>°! This offers a major chal-
lenge for prevention efforts among urban Chinese both in
China and abroad, as the Chinese who have traditionally had
a very low prevalence of CHD will likely not remain pro-
tected from developing CHD with their changes in lifestyle.
Important prevention strategies in this group include
smoking cessation/prevention, maintenance of a traditional
Chinese diet (high consumption of vegetables, high fish
intake, and low saturated fat intake) to prevent increases in
BMI, diabetes, serum cholesterol, and blood pressure.

South Asians

South Asians include people who originate from India,
Sri Lanka, Bangladesh, and Pakistan.

Disease burden

Studies of South Asian migrants demonstrate that this group
suffers a higher mortality from CHD when compared to
other ethnic groups (Table 21.4).

Within India

There are relatively few mortality studies from India as there
is no uniform completion of death certificates, and no cen-
tralized death registry for CVD.>* However, the WHO and
the World Bank data indicate that mortality attributable to
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Table 21.4 Standardized mortality ratios (SMR) (per 100000) for CHD in South Asians worldwide

Study (first author) Country Reference Age Age SMR?
group (yr)

Wyndham128 1968-77 South Africa Whites 15-64 300
Steinberg'?® 1968-85 South Africa Whites 35-74 502
Baligadoo'2° Mauritius Europeans 40-45 260
Toumilehto™®! 1971-80 Fiji Melanese 40-60+ 350
Beckles'? 1977-84 Trinidad Blacks 35-69 260
Hughes'®® 1980-84 Singapore Chinese 30-69 380
Hughes'®3 1980-84 Singapore Malays 30-69 190
Adelstein'8* 1970-72 UK Whites 20+ 115
McKeigue'®® 1979-83 UK Whites 20-64 160
Balarajan®® 1979-83 UK Whites 20-69 M:136, F:146
Sheth®6 1979-83 Canada Whites 35-74 M:122, F:139
Sheth®6 1979-83 Canada Chinese 35-74 M:329, F:344
Sheth®¢ 1989-93 Canada Whites 35-74 M:95, F:131
Sheth®6 1989-93 Canada Chinese 36-74 M:275, F:369

@ Standardized mortality to reference indigenous population of 100.

CVD has increased in parallel with the expanding population
in India, and now accounts for a large proportion of disabil-
ity adjusted life years (DALY). Of all deaths in 1990, approx-
imately 25% were attributable to CVD, which is greater
than the 10% due to diarrheal diseases, the 13% due to res-
piratory infections, and the 8% due to tuberculosis.'!

South Asian migrants

Studies of South Asian migrants to countries such as
the United Kingdom, South Africa, Singapore, and North
America provide evidence that South Asians suffer between
1-5 and 4-0 times higher CHD mortality compared to other
ethnic groups (see Table 21.4).>3

Temporal trends

In India the CHD rate is expected to rise in parallel with
the increase in life expectancy due to an increase in per
capita income, and a decline in infant mortality. The average
life expectancy has increased from 47 years in 1960 to 58
in 1990. This trend is expected to continue, with life
expectancy at birth reaching 72 years by 2030 leading to
large increases in CVD prevalence.>* Although the CHD
mortality rate of South Asians compared to other populations
remains high, a decline in CHD rates has been observed in
most South Asian migrants over the past ten years, although
this decline has been less than that observed in the general
population in most countries except Canada.>>°

Common risk factors

South Asians, despite having increased rates of CHD, do not
typically display an excess of conventional cardiovascular

risk factors such as smoking, hypertension, or elevated cho-
lesterol.>%>7°8 However, over the past several decades, the
prevalence of these conventional risk factors — for example,
hypertension — has been increasing, especially in urban
areas.”’ These factors remain strong determinants of CHD
in South Asians. Data from a case—control study in
Bangalore, India® in which 200 cases of AMI were com-
pared to 200 age and sex matched controls, revealed®® an
increasing relative risk of MI as the number of conventional
risk factors increased. The odds ratio for smoking was 3-6,
2-6 for diabetes, and 2-7 for hypertension. In this study
serum cholesterol did not seem to differ between cases and
controls and the levels were similar to Western values.
Cross-sectional studies of CHD risk factors in South Asians
living in North America have identified that this group suf-
fers a high prevalence of diabetes, impaired glucose toler-
ance, central obesity, elevated LDL cholesterol,>® elevated
triglycerides, and low HDL cholesterol.>®¢! The prevalence
of impaired glucose tolerance and type 2 diabetes is four to
five times higher in South Asian migrants than in Europeans
by the age of 55 (20% v4%).>7>8 The prevalence of diabetes
in South Asians in the UK was 10-19%, 21% in Trinidad,
25% in Fiji, 22% in South Africa, 25% in Singapore, 20% in
Mauritius, and 10% in Canada.”®® In rural India it is 3%,
and between 11% and 30% in urban India, which is similar
to the rates reported among Indians living abroad.®® There
is preliminary evidence that South Asians have elevated
levels of Lp(a) — a lipoprotein which is genetically medi-
ated and associated with increased atherosclerosis and
thrombogeneis.®>%* Recent studies have confirmed that
South Asians also have higher levels of homocysteine, fib-
rinogen, and plasminogen activator inhibitor (PAI-1),>° all of
which could increase the risk for thrombosis. Although the
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IMT by quartiles

Q1 Q2+Q3 Q4
South Asians (SA) 5/104 (4-8%) 8/149 (5-4%) 22/86 (25-6%)  0-0001

P for trend

Europeans (EU)
Chinese (CH)

1/63 (1-6%) 8/155 (5:2%) 13/104 (125%) 0-004
0/102 (0%) 5/169 (3-0%) 3/45 (6:7%)  0-016

Figure 21.1  Overall P value >0-0001, comparing slopes of
atherosclerosis v CVD between SA, CH and EU. For a particu-
lar level of atherosclerosis, the rates of clinical events vary
between the three ethnic groups. P for trend is within each
ethnic group. IMT, intimal medial thickness.

degree of subclinical atherosclerosis is related to clinical
events, it appears that South Asians have a higher propen-
sity for clinical events compared with Europeans or
Chinese, even after adjusting for all known risk factors and
the degree of atherosclerosis (Figure 21.1). This suggests
that South Asians may have an increased rate of plaque rup-
ture due to differences in plaque composition, and or an
increased propensity to develop thrombosis in response
to plaque rupture which leads to an increased number of
clinical events.

Influential risk factors

Glucose intolerance, abdominal obesity, and its associated
dyslipidemia appear to be dominant factors associated with
the development of CHD in South Asians. This cluster of fac-
tors is also associated with impaired fibrinolysis, increased
C-reactive protein, and enhanced thrombogenesis. Increa-
singly, data support the idea that elevations of glucose in the
non-diabetic range which is prevalent among South Asians
is associated with the development of atherosclerosis among
South Asians.%>%

Geographic variations

During the last half of the twentieth century, the urban pop-
ulation of India doubled from 17% to 34% of the total popu-
lation.®” Epidemiologic data support a striking urban—rural
difference in the prevalence of CHD and CHD risk factors in
South Asians living in India and abroad.®® Data from India
demonstrate at least a twofold excess of CHD in urban

Table 21.5 Urban-rural comparisons of CVD risk
factors in India

Factor Delhi Haryana
urban rural
Diabetes mellitus (men) (%) 109 29
Diabetes mellitus (women) (%) 112 2:6
Hypertension (men) (%) 255 140
Hypertension (women) (%) 29:0 108
Cholesterol (men) (mmol/I) 496 4-4
Cholesterol (women) (mmol/I) 501 498
HDL (men) (mmol/I) 101 1-02
HDL (women) (mmol/I) 112 1-08
Smoking — current (men) (%) 287 54.7
Smoking — current (women) (%) 2:6 253
BMI (men) 236 199
BMI (women) 251 20-3
W/H ratio (men) 099 095
W/H ratio (women) 0-83 083

Source: Adapted from Reddy et a/™

compared to rural environments. A recent overview of
prevalence surveys in India reported a ninefold increase of
CHD in urban centers, compared with a twofold increase in
rural population over two decades of study.® Although
these studies used somewhat different methods of sampling
and varying definitions for CHD, collectively, they suggest
that this is likely a real increase in CHD; however, the mag-
nitude of the increase remains uncertain. Data from a study
by Reddy et al. conducted in 1989-94 in which a popula-
tion-based sample from urban Delhi was compared to a sim-
ilar sample from rural Haryana revealed the CHD
prevalence was 10/1000 in Delhi compared to 2/1000 in
rural Haryana.’”® Associated with this increase in CHD rates
in urban areas is an increase in the prevalence of lipid and
glucose abnormalities. An increased prevalence of IGT, and
type 2 diabetes, lower HDL cholesterol and higher triglyc-
erides, increased abdominal obesity BMI, and hypertension
is observed in the urban areas compared to the rural’!
(Table 21.5). By contrast, the rates of tobacco smoking are
higher within rural environments among both men and
women.

Migration patterns

An urban-rural difference in CHD prevalence and risk fac-
tors is observed within India and abroad. A recent study
which compared the risk profiles of urban South Asians
living in the UK with their siblings living in India revealed
that the UK cohort had a higher BMI (27 v 23), systolic
BP (144mmHg v 137 mmHg), total cholesterol (6-35 v
5-0 mmol/1), a lower HDL cholesterol (1-14 v 1-27 mmol/1),
and higher fasting glucose (5-4 v 4-6 mmol/1) compared to
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Table 21.6 Comparison of South Asians from India and migrants in the United Kingdom

Indian subcontinent Sibling migrants UK Significance
Mean age (yr) 450 460 NS
Serum glucose (men) (mmol/I) 4.5 5.7 0-001
Serum glucose (women) (mmol/1) 47 51 0-05
Serum cholesterol (men) (mmol/I) 4.9 65 0-001
Serum cholesterol (women) (mmol/I) 51 62 0:001
HDL cholesterol (men) (mmol/I) 1:21 112 NS
HDL cholesterol (women) (mmol/I) 1-34 116 0:05
Serum Lp(a) (men) (mg/dl) 17:4 188 NS
Serum Lp(a) (women) (mg/dl) 189 204 NS
Systolic/diastolic blood pressure (men) (mmHg) 132/87 146/93 0:001/NS
Systolic/diastolic blood pressure (women) (mmHg) 142/88 143/86 NS/NS
BMI (men) 229 268 0:001
BMI (women) 297 274 0-001

Source: Bhatnagar et al™

their siblings. Lp(a), which is genetically determined, was
similarly high in both groups (Table 21.6).”? Therefore,
adverse changes in CVD risk factors and disease rates are
observed when South Asians adopt an urban lifestyle,
whether they live in India or abroad (see Table 21.5).

Prevention strategies

Changes in the risk factor profiles of South Asians are attrib-
utable to lifestyle changes associated with urbanization such
as decreased physical activity and increased energy con-
sumption which leads to obesity, abdominal obesity, and its
harmful sequelae. Clearly strategies to prevent the develop-
ment of obesity are required to decrease the number of
South Asians who suffer from glucose intolerance, its associ-
ated dyslipidemia, and ultimately CHD.

Arabs

The term Arab refers to Semitic people who originate from
the Middle East. Included in this region are the countries of
Egypt, Saudi Arabia, Jordan, Iran, Iraq, and the United Arab
Emirates.

Disease burden

CVD is the leading cause of death among Arabs living in the
Middle East.!! This is primarily caused by the rapid socio-
economic development, urbanization, and improved survival
over the past several decades. The Global Burden of Disease
report estimates that the acute myocardial infarction (AMI)
rate among men and women was 139/100000 and
124/100 000 respectively in 2000, which is an increase of
12% among men and 5% among women since 1990.!!

Temporal trends

While national incidence and mortality data are not readily
available for many Arab counties, one indication of the
increase in CVD is the rise in hospital admission for CVD
over time. In Egypt the proportion of hospital admissions
due to CVD has increased in Egypt from 12% of deaths in
1970 to close to 40% in 1990.73 In Saudi Arabia, CHD rep-
resented the leading cause of admissions in 1995.747° In
Oman during 1985-87 CHD and CBVD accounted for 30%
of hospital deaths in the age group 15 years and above.”®

Common risk factors

Overweight (defined as BMI in the range of 25-30) and
obesity (BMI>30) are highly prevalent in the Arabian
Peninsula, and over half of all adults aged 40-69 years are
either overweight or obese.”” Obesity rates vary from 16%
to 25% among men and from 17% to 43% among women.
Adverse lifestyles associated with socioeconomic develop-
ment and urbanization, such as diminished physical activity
(with the availability of domestic help, private cars, popular-
ity of television etc.) and altered dietary patterns (increased
fat and energy intakes) influence the prevalence of obesity.””
The prevalence of leisure time physical activity from a
nationally representative sample in Bahrain was low among
all age and sex groups, though higher among men (30-49
years: 19-9%) than among women (30-49 years: 9-9%).”®
The high rates of overweight and obesity in this region are
associated with the increasing prevalence of type 2 diabetes
observed in this region. In 1995, prevalence of diabetes in
Middle Eastern was approximately 6-3% (18-3 million peo-
ple), and the prevalence of diabetes is expected to increase
to 8:2% (53-5 million people) by the year 2025.7° Rapid
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urbanization, increasing obesity, abdominal obesity, and
sedentary lifestyles are key factors underlying this increase
of type 2 diabetes. In 1995, there were approximately twice
the number of diabetics in urban compared to rural areas of
the Middle East. By 2025, this ratio will increase dramati-
cally, and there will be approximately 3-5 times the number
of diabetics in urban compared to rural areas.”” The high
prevalence of obesity and sedentary lifestyles may also be
associated with high levels of hypertension in this region.
National surveys have demonstrated high prevalence of
hypertension in Oman (27%),%° Egypt (26%),%! and the
United Arab Emirates (37%).8? In the United Arab Emirates,
26% of hypertensive subjects were aware that they had high
blood pressure, 41% were being treated for the disease,
and only 19% were under control.?? This high prevalence,
coupled with low awareness and poor control, suggest the
need for additional focus on prevention. The prevalence of
hypercholesterolemia in Saudi Arabia is also associated with
age level of obesity and glucose tolerance.®3 Results of
a National Survey conducted in Saudi Arabia, indicated that
the prevalence of total cholesterol levels >5-2—6-2 mmol/1
was 9% for males and 11% among females respectively,
while prevalence of total cholesterol >6-2 mmol/1 was 7%
for males and 8% among females.?* These levels are lower
than observed elsewhere, however they reflect a young
population (60% of the Saudi population is <30 years old),
therefore the prevalence of hyperlipidemia is likely to
increase as the population ages. Smoking is typically
more common among men than women for cultural rea-
sons, and the prevalence varies markedly between countries
within the region. In Saudi Arabia, the prevalence of smok-
ing is 12% among men, compared to only 1% among
women.?3 However, the increasing use of the “water pipe”
has resulted in increased smoking among women. In
Bahrain, approximately 46% of men and 30% of women
reported smoking. Furthermore, women more often
reported exposure to passive smoke (44%) compared to
men (29%).78

Influential risk factors

In comparison with European populations with similar
degrees of obesity and glucose tolerance, Arabs experience
more hyperglycemia associated with insulin resistance. This
suggests that Arab people may have an increased genetic
susceptibility to abdominal obesity (for example, the “thrifty
gene”), which is expressed as glucose intolerance and
excess abdominal fat in the face of an environment of abun-
dant energy intake and relatively little physical activity.®®
Profound changes associated with urbanization which have
occurred in Arab countries during the past 30 years are
associated with the emergence of both obesity and diabetes,
and this trend is expected to continue.

Special approaches to prevention

Increased susceptibility to insulin resistance among Arabs
suggests that control of obesity and primary prevention and
control of type 2 diabetes are critical. Attention to lifestyle
practices that promote obesity, such as sedentary lifestyles
and increased energy intake, should be a focus. Cultural
beliefs about overweight and obesity for both men and
women must be understood in order to develop effective pre-
vention strategies. These directions have already been estab-
lished in many countries of the Arabian Peninsula, and more
recently in collaboration with the World Health Organization.

Hispanics

The term Hispanic includes Cuban Americans, Mexican
Americans, and Puerto Rican Americans. There are approxi-
mately 35-3 million Mexican Americans living in the USA,
and they comprise approximately 12-:5% of the US popula-
tion.8%8” The majority of information on CVD in Hispanics
has been derived from studies in Mexican Americans.

Disease burden

CVD is the leading cause of death among Hispanic males
(28%) and females (34%).%7 Although death certificate reg-
istries report that the age adjusted mortality rates for major
CVD among Mexican Americans (28-8 and 26-6 per 100000
men and women respectively) are lower than those of African
Americans (40-5 and 39-6 respectively) and whites (30-0 and
23-8 respectively) in the USA,2® the Corpus Christi Heart
Project (CCHP), Texas reported a greater incidence of MI in
Mexican Americans compared to non-Hispanic whites over
a 4 year period.®’ This population-based surveillance project
conducted between 1988 and 1992 reported that age
adjusted incidence ratios comparing Mexican Americans to
non-Hispanic whites were 1-52 (95% CI 1-28-1-80) and
1-25 (95% CI 1-10-1-42) among women and men respec-
tively.?” Although cross-sectional studies reveal a similar or
lower prevalence of MI among Mexican Americans than non-
Hispanic whites, the CCHP has reported a greater case-fatality
rate following MI among Mexican Americans than non-
Hispanic whites. Therefore a lower CHD prevalence in
Mexican Americans does not necessarily reflect a lower inci-
dence of CHD.

Under the age of 60 years Hispanics have a significantly
elevated CBVD death rate compared to non-Hispanics
whites (M 32 v 19, F 23 v 18 per 100000 respectively).
However in older age categories the CBVD rate in Hispanics
is substantially lower than whites (M 589 v 765, F 535 v
847 per 100000).'® Therefore, overall the CBVD death rate
over 45 years of age in Hispanics is lower when compared
to whites (M 115 v 147 per 100000 and F 110 v 209 per
100000).'8
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Temporal trends

Although declines in CHD and CBVD mortality have
occurred in Mexican Americans over the past 20 years, this
decline has been less than that which has occurred among
non-Hispanic whites. 89091

Common risk factors

Mexican Americans suffer a high prevalence of conven-
tional CVD risk factors such as smoking (42-5% in men
and 23-8% in women), hypertension (17% men and 14%
women), low HDL cholesterol (<0-90 mmol/1: 15-2% men
and 5% women), elevated cholesterol (total cholesterol
>06-2mmol/l: 16-5% men and 16-5% women), diabetes
(24%), physical inactivity (39%), and obesity (BMI >85th
percentile, 30% men and 39% women).”? The San Antonio
Heart Study reported that Mexican Americans had 2-5
times the prevalence of NIDDM compared to the non-
Hispanic whites as diagnosed by the oral glucose tolerance
test.”” They also observed that a socioeconomic gradient
within the Hispanic population existed, with diabetes being
more prevalent in the lower socioeconomic groups.”
Furthermore, Mexican Americans have higher blood con-
centrations of triglycerides and lower HDL cholesterol levels
compared to non-Hispanic whites.’!

Influential risk factors

Glucose intolerance appears to be the most influential risk
factor for CHD among Mexican Americans.” The greater
mortality observed among Mexican Americans following MI
in comparison to non-Hispanic whites is attributed in large
part to the increased prevalence of diabetes.”* Furthermore,
glucose intolerance also defines which Mexican Americans
are more likely to suffer CHD events within their own
population, as diabetic Mexican Americans are four times
more likely to suffer an MI compared to their non-diabetic
counterparts.”

Geographic variations

This population suffers a high prevalence of glucose meta-
bolic derangements upon the adoption of an urban lifestyle.

Special approaches to prevention/treatment

Due to the discrepant data concerning the CHD mortality
rates of Mexican Americans, despite their adverse risk factor
profile, many researchers believe they remain “protected”
from CHD.” Clearly, the burden of CHD among Mexican
Americans is considerable, and risk factor modification
of conventional CHD risk factors must be initiated.

Furthermore, primary prevention strategies such as preven-
tion of obesity through environmental changes, and
increased physical activity will reduce the rate of glucose
intolerance in this group. Promotion of these strategies is
important given that Mexican Americans are less likely to
receive treatment for diabetes, hypercholesterolemia, and
hypertension compared to non-Hispanic whites.388°
Therefore, it is critical that culturally sensitive strategies to
bring about both primary and secondary prevention in this
growing group of Americans be developed.

Aboriginal populations

Disease burden

Although mortality rates for CVD among aboriginal popula-
tions appear to be lower than whites, CHD is the leading
cause of death in North American Indian and Alaskan
Native males and females.!® Although research in this
ethnic group is limited, the Strong Heart Study,”® which
was initiated in 1988, studied 4549 American Natives
aged 45-74 years from 13 tribes in the Southern US. The
prevalence estimates of definite MI in those aged 45-74
years was 2-8% in men without diabetes, and 5-:3% in men
with diabetes, 0-4% in women without diabetes, and 1-4%
in women with diabetes. Data from US cohort studies indi-
cate that Native Americans may have a lower prevalence
of MI than whites (7-9%), African Americans (6-1%), and
Hispanics (5-6%).” However, data from Canada indicate
that Aboriginal people suffer higher rates of CHD compared
to the general population.’”:%

There is little published information concerning the epi-
demiology of CBVD in native populations. In the USA the
CBVD mortality rate under the age of 65 years is similar in
Native Americans and white Americans, and substantially
lower than rates in African Americans.”® Over the age of 65,
the CBVD rate in Native Americans is substantially lower
than whites. The age adjusted mortality rate for CBVD
in Native American men in 1988-98 was approximately
80 per 100000 compared to 120 per 100000 in white
American men, and 60 per 100000 compared to 100 per
100000 in Native women compared to white American
women.'® In Canada, CVD is the leading cause of death
among Aboriginal peoples.!%%191 Although the CHD mortal-
ity rates among Aboriginal and Canadian males are similat,
the CHD mortality among Aboriginal women is 61% higher
compared with Canadian women. In addition, the stroke
mortality rate is 44% and 93% higher among Aboriginal
men and women respectively, compared with the general
Canadian population.'®! However, all of the above data are
based on studies conducted more than 10 years ago. More
recent data from a prevalence study in Canada indicates a
2-5-fold higher rate of CVD among Aboriginal peoples com-
pared with Canadians of European origin.”®
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Temporal trends

As more Aboriginal people give up their traditional lifestyles
and adopt “urban” lifestyles, the prevalence of CVD and its
risk factors will likely increase.

Common risk factors

The common CHD risk factors among Aboriginal people
include obesity, abdominal obesity, diabetes, elevated blood
pressure, low HDL cholesterol, and tobacco use. The preva-
lence of cigarette smoking is generally high and increasing
among Aboriginal people; the prevalence varies greatly
between reserves.?®192 The prevalence of diabetes in
the Strong Heart Study was an astounding 48% in the
45-64 year age group compared to approximately 5-5%
in the US general population, and the prevalence of obe-
sity was between 26% and 41%, with an average BMI
of 31 and waist-hip ratio of 0-96 in men.!® Interes-
tingly, the prevalence of hypertension and elevated serum
cholesterol among Aboriginal people appears to be lower
when compared to the general US population. In Canada,
however, the prevalence of hypertension requiring drug
treatment, and elevated cholesterol requiring medication,
was significantly increased among Aboriginal people com-
pared to a similar sample of non-Aboriginal people.”® In
addition, the prevalence of low HDL cholesterol is greater in
this group, as approximately 25% of Aboriginal people
have HDL cholesterol values less than 0-90 mmol/1.%® In
a recently completed Canadian study, Aboriginal people
had a higher prevalence of CVD, atherosclerosis, glucose
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abnormalities, obesity, abdominal obesity, and tobacco use
compared to European-origin Canadians.”® Furthermore, a
high proportion of Aboriginal people in North America live
in poverty.”® This is important to note as a strong inverse
relationship exists between low income and an increased
prevalence of CVD risk factors and CVD (Figure 21.2).194

Influential risk factors

Clearly obesity, diabetes, and tobacco use among Aboriginal
people are the most influential risk factors for future CHD.
Aboriginal people who are diabetic are two to four times
more likely to suffer CVD than non-diabetic people.'%%1%3 In
the Strong Heart Study other important risk factors for CHD
included hypertension, obesity, and low HDL cholesterol.%3

Geographic variations

Studies in aboriginal populations in North America have
revealed important regional and inter-tribal differences in
the prevalence of CVD risk factors (diabetes and cigarette
smoking) and disease rates.”®~"® Most of the current data on
Aboriginal CVD rates and risk factors have come from stud-
ies of Native people living on reserves. There is relatively lit-
tle information regarding these profiles among city-dwelling
Aboriginal people.

Special approaches to prevention/treatment

Control of obesity using environmental strategies to promote
increased physical activity and lower energy consumption is
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270



Ethnicity and cardiovascular disease

required by Aboriginal people who have adopted
a predominantly Western lifestyle. While tobacco has a cul-
tural role in the lives of some Aboriginal people, increased
tobacco taxes and other disincentives are required to
prevent smoking initiation and promote smoking cessa-
tion on reserves. Despite community prevention strategies,
the imbalance in socioeconomic circumstances between
Aboriginal people and non-Aboriginal peoples must be
addressed, as socioeconomic disparity is clearly associated
with adverse lifestyle practices, psychosocial stress, and
CVD prevalence.

Blacks of African origin

Disease burden

CVD mortality data from countries in Sub-Saharan Africa
(SSA) are limited, as only 1-1% of all deaths are registered
with a central agency.'® Data from other sources such as sam-
ple registries and small scale population studies in 1990 indi-
cate that the prevalence of acute MI in males and females of
all ages was 4-5 million DALY, and that the CHD mortality
was 41/100000.'% These rates are considerably lower than
those of whites and South Asians who live in Africa, as well as
rates of most Western countries, which are on average five
times higher. Even so, in SSA, the proportional mortality
rate from CHD accounts for 26% of all deaths, and in the
60-70 year age group it is responsible for over 80% of all
deaths.!®!% Furthermore, the case-fatality rate of CHD is
higher in SSA compared to Western countries, meaning that
once an individual develops CHD in SSA, the probability of
death in SSA is higher than in Western countries. This proba-
bly reflects the limited access to acute and chronic treatment
strategies.

Risk factors

The prevalence of most conventional risk factors for CHD
is lower among blacks compared to other groups within
Africa, and the world, with the exception of hypertension
and smoking among urban blacks.'%'1% Data from the
WHO Inter-Health Program, a substudy of the MONICA
project, assessed the risk factor profile of men and women
aged 35-64 years from Tanzania.'®” The prevalence of
smoking was 37% among men, and 4% among women,
the mean BMI was 21 in men, and 22 in women, the
mean BP was 126/79 mmHg among men compared to
125/79 mmHg in women, the mean serum cholesterol was
4-1 mmol/1 in men, and 4-3 mmol/1 in women. When com-
pared to the risk factor profile of other developing and devel-
oped countries, Tanzania’s was more favorable, with the
exception of smoking among men. Furthermore, the preva-
lence of multiple risk factors for CHD was low, as 65% of
the population had no identifiable risk factors, 30% had a

single risk factor, and only 5% had at least two risk factors,
compared to 50%, 40%, and 10% in the USA.'%7

Geographic variations

In most urban and virtually all rural regions of SSA the
prevalence of traditional CVD risk factors among blacks
is low. However, with urbanization, an increase in con-
ventional cardiovascular risk factors and CVD rates is
expected.!'! An example of this is found in South Africa, as
the rapid migration of blacks to urban centers has led to
increased poverty, obesity, hypertension, LDL cholesterol,
and a decrease in HDL cholesterol.!12-115

Special approaches to disease prevention

Although CHD rates among people of African origin remains
relatively low, the data are limited, and given the increased
migration of blacks to urban centers, and a subsequent
rise in the number of conventional CHD risk factors, the
rates of CHD and CBVD are expected to rise. Primordial pre-
vention strategies such as reducing the availability of satu-
rated fats, and increasing the availability of monounsaturated
fats, control of cigarette smoking by increasing the price of
cigarettes, controlling the amount of salt consumption, and
promoting regular physical activity are required on a commu-
nity level, especially among urban populations. Key primary
and secondary prevention strategies among blacks include
control of hypertension, and tough antismoking campaigns.

West Indies

Disease burden

In Trinidad, data from 1989 reveal that the age adjusted
incidence of CHD in people of African origin was 6-8/1000
person years at risk among men, and 5-4/1000 person years
at risk among women. The rate in men approximated that
of males of European decent (6-:8 v 6-5/1000), whereas
the rates among women were higher in blacks (54 v
2:9/1000). The rates in both sexes and groups were
substantially lower than males (16 per 1000) and females
(13/1000) of South Asian origin.'

Risk factors

The most prevalent and influential risk factor among West
Indian blacks is hypertension. In Trinidad the prevalence
of hypertension among African blacks was 33%, diabetes
8:1%, and smoking 39%.!1® Furthermore, the mean HDL
and LDL cholesterol in men was 1-03 and 4-04 mmol/1, and
in women 1-30 and 4-11 mmol/1. The most important pre-
dictors of CHD in this cohort were hypertension, high LDL
cholesterol, low HDL cholesterol, and diabetes mellitus.
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African Americans

African Americans comprise the largest non-white popula-
tion in the USA and represent approximately 13% of the
population.

Disease burden

CVD is the leading cause of death among African Americans,
and the incidence of both CHD and CBVD is higher in
African Americans compared to white Americans. The CHD
mortality rate in African American males is 2-4% higher than
in white males (138-1 v 134-8 per 100 000), and 33% higher
in African American women compared to white American
women (85 v 64 per 100000).'® Moreover, sudden cardiac
death (defined by ICD codes 410-414) are more common
among African American men (137/100000) compared to
white American men (122/100000) aged 3574 years, and
women (67 v41/100000) respectively.''” The CBVD mor-
tality rate is 98% higher in African American males com-
pared to white males (52 per 100000 26 per 100000) and
77% higher in African American females compared to white
females (40 per 100000 v 22 per 100000).'8

Temporal trends

Although there has been a decline in mortality rates from
CVD in both African Americans and white Americans over
the past 30 years, these declines have been less marked in
African Americans.!'®

Common risk factors

Compared to whites, African Americans develop high blood
pressure at an earlier age, and it is more severe.'® The reason
for black—white differences in hypertension prevalence likely
involves a complex interaction between environmental res-
ponse to diet, and stress, and a potential genetic/physiologic
difference such as differences in sodium/potassium excre-
tion, perhaps linked to their origins in Africa. Serum choles-
terol levels are not higher among African Americans than
white Americans, as 47% of African American men have
cholesterol values over 5-2mmol/l, compared to 54% of
white males, and 51% of women have levels greater than
5-2mmol/1, compared to 53% of white females.'® On average,
African Americans have higher HDL cholesterol levels com-
pared to whites, a difference which is more marked among
women. The prevalence of cigarette smoking is greater
among African American males (33% v 27%) than in white
men, whereas fewer African American females smoke com-
pared to white American women.'® Obesity is an emerging
problem among African Americans especially in women, as
approximately 50% of African American women are reported
to be overweight, compared to 33% of white American

women.'® Closely linked to the prevalence of obesity is
a low prevalence of self-reported regular physical activity.
Approximately 65% of African Americans lead a sedentary
lifestyle compared to about 56% of whites.'® Furthermore,
the prevalence of diabetes in African Americans is higher
than in whites, as demonstrated by NHANES II conducted
from 1976 to 1980 in which African Americans aged 20-74
years showed a prevalence of type 2 diabetes of 9-9% com-
pared to 6% in white Americans.'® Furthermore, the rate of
type 2 diabetes is increasing faster among African Americans
than among whites, especially in women, as it is closely tied
to the development of obesity.'® Although elevated levels
of Lp(a) are found more often in African Americans than
whites, whether or not elevated Lp(a) levels are related to an
increased CHD risk among African Americans is unclear.!'®
Howevet, even after consideration of “biomedical” differ-
ences in conventional risk factor prevalence such as hyper-
tension, smoking, and obesity, other factors are likely to play
a role in slower decline in CVD rates which has been
observed among blacks. Differences in socioeconomic status
between African American and whites translate into
decreased access to medical therapies and hospital services
and results in the performance of fewer diagnostic tests and
lower rates of coronary revascularization procedures. %120

Influential risk factors

Black and white differences in CVD mortality appear to
be largely due to differences in hypertension prevalence.
However, late onset diabetes is an increasing problem
among African Americans due to the increase in obesity.
Even so, at least 30% of the excess CHD mortality between
blacks and whites can be accounted for by differences in
socioeconomic status, and these socioeconomic differentials
lead to less access to healthcare services and acceptance of
preventive strategies.!?

Geographical variations

Early investigators noted high stroke mortality rates among
black Americans in the Southeastern coastal states. By late
1980s, this “stroke belt” had dissipated in the Southeastern
coastal areas and shifted to the Midwest regions of the
Mississippi and Ohio river valleys.'?! CHD mortality has
shown a similar westward shift to the so called coronary val-
ley. The increased CVD mortality among blacks has been
mainly confined to the Southern states (Mississippi river val-
ley). Although changes in regional profile of risk factors,
local environment, and migration pattern may have played
a role, recent economic shifts in these areas may be the
principal reason for changes in disease rates.'?> Whereas
Southeastern coastal areas have undergone considerable
economic development, the more westwardly regions have
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not kept pace.!?* In Mississippi, one of the most economi-
cally and educationally disadvantaged US states, CVD mor-
tality has risen among African Americans over the past two
decades while among whites there has been a decline.!??
Similar patterns are also observed in the Northeastern states
and the Midwest, 24125

Special approaches to prevention/treatment

The rates of CHD among blacks in Africa are relatively low
compared to the rates in most Western countries. With
urbanization, however, both within Africa and among
migrant Africans to the West Indies and the USA, the rates
of CVD are comparable to or higher than the rates of most
Western countries. As in other populations, conventional
CVD risk factors remain important, but the dominant CVD
risk factor among people of African origin is hypertension.
Special efforts at detection, prevention, and treatment of
hypertension, both through lifestyle changes and appro-
priate pharmacologic therapy, are necessary. In the USA,
the socioeconomic disparity of this population results in
enhanced disease burden. This black—white differential in
disease rates, risk factors, and access to medical treatments
necessitates that specific prevention strategies be initiated in
this group. Such strategies include primary prevention

programs to prevent unhealthy lifestyle behaviors such as
poor dietary practices and cigarette smoking. As these risk
factors are closely tied to low SES, other factors besides “bio-
medical” ones must be targeted. Health care providers must
ensure equal access to healthcare services especially among
the lower socioeconomic status black population. However,
in order to overcome the larger differential in socioeco-
nomic status between African Americans and whites, over-
all changes in social policy are required at the national level.

Studies of multiple ethnic groups

Studies of diverse ethnic populations who reside in a single
country and hence are exposed to a similar environment
indicate that the pattern of CHD mortality between these
groups initially resembles that of their home country.
However, through the process of acculturation, prolonged
exposure to new environmental factors results in similarities
in CVD risk factors and trends within multiethnic popula-
tions. A study of multiple ethnic groups in the US revealed
that CVD mortality rates were highest among African
Americans, followed by whites, and Hispanics.'2% By con-
trast Japanese, Chinese, Koreans and Filipinos had much
lower CHD mortality rates. Another study conducted in

Table 21.7 Summary of disease rates by ethnic group in North America?®

USAP White Caucasian Japanese Black African Hispanic Aboriginal
CHD mortality per 100000 M 230 M 81 M 222 M 112 124
in North America F 95 F 38 F 120 F 562
CBVD mortality per M 41 M 25 M 102 M 31 40
100000 in North America F 33 F 33 F 83 F 25
CVD prevalence 7-5% 3% 8% 4% 4%
(aged 35-75yr)
CHD incidence per 1000 M 26 M 11 M 16 M 14 M7
(65-"T4yr) F8 F13 F14 F12
CBVD incidence per 1000 M 14 M 8 M 12 M 8 M 15
(65-"T4yr) F6 F16 F3 F8
Canada White Caucasian Chinese South Asians Aboriginal
CHD mortality per 100 000° M 320 M 107 M 320 M 320
F110 F 40 F 144 F 176¢
CBVD mortality per 100 000° M 49 M 46 M 47 M 71
F 35 F 42 F 39 F 67
CVD prevalence 5-4% 2:4% 10:7% 17%

(aged 35-75yr)®

#Note that disease rates will vary by study. This table provides a useful but approximate comparison between ethnic groups.
®From the American Heart Association. 2002 Heart and stroke statistical update. Dalls TX: American Heart Association, 2001.

¢ Age (85=74yr) standardized death rates per 100 000.
dEstimated from Mao et al, 1992.

®From the Study of Health Assessment and Risk in Ethnic Groups.
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California between 1985 and 1990 compared CHD and
CBVD death rates in six ethnic groups. Once again, African
American men and women in all age groups were found to
have the highest CVD death rates. Hispanics, Chinese, and
Japanese had much lower CVD rates, although the CBVD
deaths were proportionally a more important cause of death
among the Chinese and Japanese. Furthermore, a study that
compared the rates of hospitalization for CHD among Asian
Americans compared to Americans in Northern California
revealed that the risk of hospitalization for CHD was the
lowest among the Chinese Americans (0-6), and the highest
among the South Asians (3-7, P<<0-001).26 Recent data
from the United Kingdom (UK) reveals that although the
CHD mortality rates were approximately 43% higher among
South Asian men and women compared to the general UK
population (ASMR men 282/100 000, women 89,/100 000),
among South Asians a decline of 26% in men and 18% in
women in the CHD rates occurred.'?” This is in keeping
with a decline in CHD mortality in the UK as a whole over
the past decade. In Canada, an analysis of the Canadian
national mortality database of South Asians, Chinese and
Canadians of European origin (EU), demonstrated that
the ASMR per 100000 for CHD in South Asians (M 320,
F 144) was similar compared to those of EU origin (M 320,
F 110), yet was much higher than Chinese (M 107, F 40).
Furthermore, a significant decline in CHD death rates
between 1979-83 and 1989-93 was observed in all groups,
with the greatest declines being apparent among South
Asian men and women compared to EU and Chinese
respectively (M 22%, 13%, and 5-4%, F 6%, 4%, and 2%)*
(Table 21.7). Furthermore, in Canada the inverse relation-
ship between mortality and socioeconomic status is
observed in European Canadians, but not in South Asians
and Chinese. This raises the issue of whether this relation-
ship is acquired within societies and therefore is potentially
preventable/modifiable.

Conclusions

CVD accounts for the largest percentage of deaths world-
wide. To date, recognition and modification of the major
CVD risk factors have led to declines in CVD rates in most
Western countries, although these declines have lagged
behind in most non-white populations. Socioeconomic
development, urbanization, and increasing life expectancy
have led to a progressive rise in the CVD rates in developing
countries such as India and China.

It is clear that elevated serum cholesterol, elevated blood
pressure, cigarette smoking, and glucose intolerance are the
major risk factors for CHD and CBVD in most populations.
However, the prevalence of these factors and the strength
of association of these factors to CVD vary between ethnic
groups. Furthermore, other risk or protective factors (levels

of endogenous fibrinolysis, dietary factors such as flavonoids
and antioxidants) probably exist. Identification of these
factors is important so that new approaches to prevention of
CVD in these populations may be developed. Research into
ethnic populations who suffer adverse glucose and lipid
changes upon urbanization (that is, Hispanics, Aboriginal,
and South Asians) should be a priority, as a greater propor-
tion of these groups are adopting urban lifestyles which
are associated with observed increases in CVD rates.
Furthermore, in developed countries, research into reasons
for social disparity and its impact on the distribution of CVD
risk factors among ethnic groups must be continued so that
specific interventions may be developed to reduce the adop-
tion of unhealthy lifestyle behaviors, and barriers to health-
care services may be reduced. Ultimately all of this
information will lead to special strategies for prevention
which may be tailored to ethnic populations, and generate
important areas for future study.
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David JP Barker

Hitherto the search for the causes of coronary heart disease
(CHD), and the way to prevent it, has been guided by a
“destructive” model. The principal causes to be identified
are thought to act in adult life and to accelerate destructive
processes, for example the formation of atheroma, rise in
blood pressure, and loss of glucose tolerance. This model,
however, has had limited success. Obesity, cigarette smok-
ing, and psychosocial stress have been implicated, and
evidence on dietary fat has accumulated to the point where
a public health policy of reduced intake is prudent, if not
proven. The effects of modifying adult lifestyle, when
formally tested in randomized trials have, however, been
disappointingly small.! The model has proved incapable of
answering important questions. For example, in Western
countries the steep increase in the disease has been associ-
ated with rising prosperity, so why do the poorest people,
and those living in the poorest parts of these countries, have
the highest rates??

One explanation for our failure to understand and pre-
vent rising epidemics of CHD is that people are hetero-
geneous in their responses to environmental influences.
Smoking, for example, is harmful to some people but not
others. Some statisticians argue that we therefore need
much larger studies to overcome this, while geneticists
argue that the heterogeneity results from genes as yet
unknown. There is, however, another way forward which is
to examine the biologic basis of the differences between
individuals. The recent discovery that people who develop
CHD grew differently to other people during fetal life,
infancy, and childhood encourages this view,* and has led to
a new “developmental” model for the disease.*>

Growth and CHD

Figure 22.1 shows the growth of 357 boys who in later life
were either admitted to hospital with CHD or died from it.>
They belong to a cohort of 4630 men who were born in
Helsinki, and their growth is expressed as Z-scores. The
Z-score for the cohort is set at zero, and a boy maintaining
a steady position as large or small in relation to other boys
would follow a horizontal path on the figure. Boys who later
developed CHD, however, were small at birth, remained
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Figure 22.1 Growth of 357 boys who later developed CHD
in a cohort of 4630 boys born in Helsinki.®> BMI, body mass
index; CHD, coronary heart disease.

small in infancy but had accelerated gain in weight and
body mass index (BMI) thereafter. In contrast, their heights
remained below average. Table 22.1 shows hazard ratios for
CHD according to size at birth. The hazard ratios fall with
increasing birthweight and, more strongly, with increasing
ponderal index (birthweight/length®), a measure of thin-
ness at birth. These trends were found in babies born at
term or prematurely and therefore reflect slow intrauterine
growth. Table 22.2 shows that the hazard ratios also fell
with increasing weight, height, and BMI at age 1 year. Small
size at this age predicts CHD independently of size at birth.
In a simultaneous analysis with birthweight the hazard ratio
associated with each unit decrease in Z-score for weight
between birth and 1 year is 1-:21 (95% CI 1-08-1-36,
P=0-001).

The association between CHD and small size at birth
has been shown in studies in Europe, North America, and
India.®"'° The association with poor weight gain in infancy
was first shown in Hertfordshire,® and confirmed in
Helsinki:? the strength of the association being similar in the
two studies. The association with rapid childhood weight
gain was first shown in a study of an older cohort of men
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Table 22.1 Hazard ratios for CHD according to body
size at birth®

Hazard ratio Cases (n)/
(95% CI) Men (n)
Birthweight (kg)
=92500 363 (2:02-6:51) 24/160
up to 3000 1-83 (1:09-3:07) 45/599
up to 35600 1-99 (1-26-3-1bH) 144/1775
up to 4000 2:08 (1:31-3:31) 123/1558
>4000 1-00 21/538
P for trend 0.006
Ponderal index (kg/m®)
=95 166 (1:11-2:48) 104/1093
up to 27 1-44 (097-2:13) 135/1643
up to 29 1:18 (0:78-1-78) 84/1260
>929 1-00 31/578
P for trend 0-0006

Abbreviation: CHD, coronary heart disease

Table 22.2 Hazard ratios for CHD according to body
size at one year®

Hazard ratio Cases (n)/

(95% CI) Men (n)
Weight (kg)
upto 9 1-82 (1:25-2:64) 96/781
up to 10 1-17 (0-80-1-71) 85/1126
up to 11 1:12 (0-77-1-64) 89/1243
up to 12 094 (0-62-1-44) 49/852
>12 1-:00 38/619
P for trend <0:0001
Height (cm)
up to 73 1-65 (1:11-2:18) 79/636
up to 75 090 (0:63—-1:27) 68/962
up to 77 094 (0-68-1-31) 87/1210
up to 79 0:83 (0-68-1:18) 64/1011
>79 1-00 59/802
P for trend 0-007
Body mass index (kg/m?)
=16 1-83 (1-28—-2:60) 72/654
up to 17 161 (1:156-2:25) 89/936
up to 18 129 (091-1-81) 83/1136
up to 19 112 (0:77-1-62) 59/941
>19 1-:00 54/954
P for trend 0-:0004

Abbreviation: CHD, coronary heart disease
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Figure 22.2 Hazard ratios for CHD (coronary heart disease)
according to ponderal index at birth and BMI (body mass
index) at 11 years. Arrows indicate average values: lines join
points with the same hazard ratios.

born in Helsinki,'! while the association with low rates of
height growth is consistent with the known association
between the disease and short adult stature in men.'?
Figure 22.2, based on the same data used in Figure 22.1,
shows the combined effects of ponderal index at birth and
BMI in childhood in the Helsinki cohort.® The figure uses
BMI at age 11 years, but BMI at ages around this gives sim-
ilar results. The lines on the figure join points with the same
hazard ratios. For example, the line for the highest ratio,
1-75, is associated with low ponderal index at birth but
above average BMI in childhood. Boys who had a low pon-
deral index at birth increased their risk of CHD if they
attained even average BMI in childhood. In contrast, among
boys with a high ponderal index, no increased risk was asso-
ciated with a high childhood BMI. The interaction between
ponderal index at birth and BMI in childhood is strongly
statistically significant (P<<0-001). Findings among girls are
similar, and again the risk of CHD is determined more by
the tempo of weight gain than the body size attained.'3
Table 22.3 is taken from the total Helsinki cohort which
comprises 15846 men and women of whom 13517 had
their BMI recorded at 11 years of age.>!"13 It is based on
1235 patients who were admitted to hospital or died from
CHD, and 480 patients who died from the disease. It shows
hazard ratios according to birthweight and quarters of BMI
at age 11 years. The risk of disease falls with increasing
birthweight and rises with increasing BMI. The pattern is
similar in the two sexes. The hazard ratios for admissions
and deaths are 0-80 (95% CI 0-72—0-90) for each kilogram
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Table 22.3 Hazard ratios (95% CI) for CHD according to birthweight and BMI at 11 years: 13517 men and women born

1924 to 1944

Birthweight (kg) BMI at 11 years (kg/m?

up to 15-7 up to 16-6 up to 17-6 >17-6
Hospital admissions and deaths (1235 cases)
up to 3-0 1-4 (0-8-2:4) 1:6 (09-2:8) 1-8 (1:0-3-2) 2:1 (1:1-3-8)
up to 3-6 1-3 (0-7-2:2) 1:6 (09-27) 1:5 (0-8-2:6) 1:6 (09-29)
up to 4-0 1-3 (07-2:3) 1:4 (0-8-2:4) 1-3 (0-8-2:4) 1-4 (0-8-26)
>4-0 1-0 1:2 (06-2:3) 11 (06-2:1) 1-0 (0-56-1-8)
Deaths (480 cases)
up to 3-0 1-4 (0-5-4-0) 1-8 (06-5:1) 2:1 (07-62) 30 (1-0-8:6)
up to 3-6 1-4 (05-39) 1:9 (07-52) 2:2 (0-8-6:1) 2:7 (1-0-7-6)
up to 4-0 1-9 (0-7-5-3) 1-8 (0-7-5:2) 1:7 (0-6-4-8) 1-6 (0-6-4-5)
>4-0 1-0 1-4 (0-4-4-6) 16 (0-5-4-7) 1-3 (0-4-4-0)

Abbreviations: BMI, body mass index; CHD, coronary heart disease

increase in birthweight and 1-06 (95% CI 1-03—-1-10) for each
kg/m? increase in BMI at age 11 years. The hazard ratios for
deaths alone are 0-83 (95% CI 0-69-0-99) and 1-10 (95% CI
1-04-1-16).

Growth and hypertension and type 2 diabetes

There is now a substantial body of evidence showing that
people who were small at birth remain biologically different
to people who were larger. The differences include an

increased susceptibility to hypertension and type 2 diabetes,
two disorders closely linked to CHD.!'#"'7 Table 22.4 is based
on 698 patients being treated for type 2 diabetes and 2997
patients being treated for hypertension. It again shows odds
ratios according to birthweight and quarters of BMI
at age 11 years. The two disorders are associated with the
same general pattern of growth as CHD. The risks for each
disease fall with increasing birthweight and rise with increas-
ing BMI. The odds ratio for type 2 diabetes is 0-67 (95% CI
0-58-0-79) for each kilogram increase in birthweight and

Table 22.4 Odds ratios (95% CI) for hypertension and type 2 diabetes according to birthweight and BMI at 11 years:

13 517 men and women born 1924 to 194431113

Birthweight (kg) BMI at 11 years (kg/m?)

up to 157 up to 16:6 up to 17-6 >17-6
Men and women (n)
up to 3:0 991 719 581 560
up to 35 1394 1499 1264 1246
up to 40 827 984 1122 1110
>4-0 167 254 413 463
Type 2 diabetes (698 cases)
up to 30 1-3 (0-6-2:8) 1:3 (0-6-2:8) 15 (0-7-34) 25 (1-2-55)
up to 36 1-0 (0-5—2:1) 1:0 (05—2-1) 15 (0:7-32) 17 (0-8-35)
up to 40 1:0 (0-5-2:2) 09 (0:4-19) 09 (0:4-2:0) 1-7 (0-8-36)
>4.0 1:0 11 (0:4-2:7) 07 (0-3-1:7) 1-2 (0-6-2:7)
Hypertension (2997 cases)
up to 30 2:0 (1-3-32) 19 (1-2-3:1) 19 (1-2-3:0) 2:3 (1-56-3:8)
up to 3:6 17 (1:1-2:6) 19 (1.2-29) 19 (1:2-3:0) 2:2 (1:4-3:4)
up to 4-0 17 (1-0-2:6) 17 (1-1-2:6) 16 (1:0-2:4) 19 (1-2-29)
>4-0 10 19 (1:1-3:1) 1:0 (06-1-7) 1.7 (1.1-2.8)

Abbreviation: BMI, body mass index
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1-18 (95% CI 1-13-1-23) for each kg/m? increase in BMI at
age 11 years. The corresponding figures for hypertension are
0-77 (95% CI0-71-0-84) and 1-07 (95% CI 1-04-1-09).
Similarly to CHD the risk of disease is determined not only by
the absolute value of BMI in childhood but also by the
combination of body size at birth and during childhood.'>!” It
is the tempo of growth as well as the attained body size that
determine risk.

Associations between low birthweight and hypertension
and type 2 diabetes have been found in other studies.!#1”
There is also a substantial literature showing that birthweight
is associated with differences in blood pressure and insulin
secretion within the normal range.'#!®19 These differences
are found in children and adults but they tend to be small.
For example, a 1kg difference in birthweight is associated
with around 1-2mmHg difference in systolic pressure.'?
This contrasts with the large effects on hypertension. A pos-
sible explanation for this is that, following an intrauterine
lesion, regulatory mechanisms may maintain homeostasis for
many years until further damage, owing to age, obesity, or
other influences, initiates a self-perpetuating cycle of progres-
sive functional loss.2® Brenner has proposed such a model for
the development of hypertension following reduced nephron
numbers at birth, a known correlate of low birth weight.?

Biologic mechanisms

The association between altered growth and CHD has
led to the suggestion that the disease may originate in two
phenomena associated with development — “developmen-
tal, or phenotypic plasticity” and “compensatory growth”.
Phenotypic plasticity is the phenomenon whereby one
genotype gives rise to a range of different physiologic or
morphologic states in response to different environmental
conditions during development.?!*? Such gene—environment
interactions are ubiquitous in development. Their existence
is demonstrated by the numerous experiments showing
that minor alterations to the diets of pregnant animals,
which may not even change their offspring’s body size
at birth, can produce lasting changes in their physiology
and metabolism — including altered blood pressure and
glucose/insulin and lipid metabolism.?>%4 The evolutionary
benefit of phenotypic plasticity is that, in a changing envi-
ronment, it enables the production of phenotypes that are
better matched to their environment than would be possible
if one genotype produced the same phenotype in all envi-
ronments.?> When undernutrition during development is
followed by improved nutrition many animals stage acceler-
ated or “compensatory” growth in weight or length. This
restores the animal’s body size but may have long-term costs
which include reduced life span.?

There are several possible mechanisms by which reduced
fetal and infant growth followed by accelerated weight gain in

childhood may lead to CHD. Babies who are thin at birth lack
muscle, a deficiency that will persist as the critical period for
muscle growth is around 30 weeks in utero, and there is little
cell replication after birth.%° If they develop a high BMI in
childhood, they may have a disproportionately high fat mass.
This may be associated with the development of insulin resist-
ance, as children and adults who had low birthweight but are
currently heavy are insulin resistant,'827,28

Small babies have reduced numbers of nephrons.
has been suggested that this leads to hyperperfusion of each
nephron and resulting glomerular sclerosis, further nephron
death, and a cycle of increasing blood pressure and nephron
death. This may be exacerbated if accelerated growth
increases the degree of hyperperfusion. This framework
fits with the hypothesis that essential hypertension is a dis-
order of growth with two separate mechanisms, a growth-
promoting process in childhood and a self-perpetuating
mechanism in adult life.3°

People who were small at birth also have different vascu-
lar structure. One aspect of this is that they have reduced
elastin in their larger arteries as a consequence, it is thought,
of the hemodynamic changes that accompany growth retar-
dation in utero.®' Elastin is laid down in utero and during
infancy and thereafter turns over slowly. Reduced elastin
leads to less compliant, “stiffer” arteries and to a raised pulse
pressure. The gradual loss of elastin, and its replacement
with collagen that accompanies aging, tends to amplify the
increase in pulse pressure.’!

The existence of such self-perpetuating cycles, initiated
in utero, but triggered by aging, obesity, or other influences
in later life, would explain the small effects of birth size on
blood pressure in the normal population, but its large effects
on blood pressure in people with hypertension. Studies in
South Carolina showed that hypertensive patients with
low birthweight more often require second-line therapy,
with calcium-channel blocking agents or ACE inhibitors, as
opposed to first-line therapy with diuretics or B blocking
agents.>* The suggestion that among hypertensive patients
those with the lowest birthweights have the highest
blood pressures has been confirmed in the Helsinki cohort
(unpublished).

Findings in Hertfordshire suggest that one of the mecha-
nisms linking poor weight gain in infancy with CHD is
altered liver function, reflected in raised serum concentra-
tions of total and low density lipoprotein cholesterol, and
raised plasma fibrinogen concentrations.>*34 Unlike organs
such as the kidney, the liver remains “plastic” during its
development until the age of around 5 years. Its function
may be permanently changed by influences that affect its
early growth.>>=7 Support for an important role for liver
development in the early pathogenesis of CHD comes from
findings in Sheffield.*® Among men and women, reduced
abdominal circumference at birth a measure that reflects
reduced liver size, gave stronger predictions of later serum

20,29 It
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cholesterol and plasma fibrinogen than any other measure of
body size at birth.

Responses to adult living standards

Observations on animals show that the environment during
development permanently changes not only the body’s struc-
ture and function but also its responses to environmental
influences encountered in later life.’2! Men who had low
birthweight are more vulnerable to developing CHD and
type 2 diabetes if they become overweight.®!” Table 22.5
shows the effect of low income in adult life on CHD occur-
rence among men in Helsinki.>* As expected, men who had
a low taxable income had higher rates of the disease.?#%*!
There is no known explanation for this and it is a major com-
ponent of the social inequalities in health in Western coun-
tries. The effect of low income, however, is confined to men
who had slow fetal growth and were thin at birth, defined by
a ponderal index less than 26kg/m3. Men who were not
thin at birth were resilient to the effects of low income on
CHD, so that there was a statistically significant interaction
between the effects of fetal growth and adult income.

Table 22.5 Hazard ratios (95% CI) for CHD according
to ponderal index (kg/m?) at birth and taxable income in
adult life

Household Ponderal Ponderal
income index index

1000 marks =26.0 >26.0

(pounds sterling) (n=1475) (n=2154)

per year

>140 (15700) 1-00 1:19 (0-65-2:19)

111-140 (15 700)
96-110 (12400)
76-95 (10700)
=75 (8400)

P for trend

1-64 (0-83-2:87)
1-07 (0-61-222)
2:07 (1-13-3-79)
2:68 (1-45-4-60)
<0-001

1-42 (0-78-2-67)
1-66 (0:90-3-07)
1-44 (079-262)
1-37 (0-75-251)
075

P for interaction between the effects of ponderal index at
birth and income = 0:005.
Abbreviation: CHD, coronary heart disease

One explanation of these findings emphasizes the psy-
chosocial consequences of a low position in the social
hierarchy, as indicated by low income and social class, and
suggests that perceptions of low social status and lack of
success lead to changes in neuroendocrine pathways and
hence to disease.*? The findings in Helsinki seem consistent
with this. People who are small at birth are known to have
persisting alterations in responses to stress, including raised
serum cortisol concentrations.*> Rapid childhood weight
gain could exacerbate these effects.

Strength of effects

The associations between slow fetal, infant, and childhood
growth and later CHD are strong and graded. Men and
women in the Helsinki cohort who had birthweights above
4kg and whose body mass index at 11 years was in the
lowest quarter, had around half the risk of CHD, type 2 dia-
betes, and hypertension when compared with people who
had birthweights below 3kg but whose BMI was in the
highest quarter (Tables 22.3 and 22.4). Boys who at birth
had a ponderal index above 26 kg/m? and who at 1 year of
age were above the cohort average for BMI (17-7kg/m?)
and height (76-2cm) were at half the risk of developing
CHD before the age of 65 years.® Such findings confirm the
strong effects of early growth on later disease.

Statements such as, “Low birthweight explains only a small
proportion of diabetes”,* are not merely statistically incorrect
but misrepresent biology in two ways. First, birthweight is an
inadequate description of those phenotypic characteristics of a
baby that determine its long-term health.”> One commentator
has pointed out that, “Birthweight and ponderal index (as well
as body mass index) are crude measures of how fetal nutrition
has affected body composition, so the true size of the effect of
fetal growth on later disease is hard to measure.”
Furthermore, the wartime famine in the Netherlands pro-
duced lifelong insulin resistance in babies who were in utero
at the time with little alteration in birthweight.*

The second point has been described already. The effect
of a high body mass in childhood is conditioned by size at
birth (Figure 22.2). The effect of poor living standards in
adult life is conditioned by size at birth (Table 22.5). The
effects of any single influence cannot therefore be quantified
as “small proportion” or “large proportion” of disease. It
depends on the path of development that preceded it. The
pathogenesis of CHD or type 2 diabetes cannot be under-
stood within a model in which risks associated with adverse
influences at different stages of life add to each other*”
Rather the consequences of adverse influences depend on
events at earlier critical stages of development.® This embod-
ies the concept of developmental “switches” triggered by
the environment.?! The effects of any particular birthweight
on disease will depend not only on the subsequent path of
development but also on the path of growth that led to that
birthweight. The same weight can be attained by many
different paths of fetal growth and each is likely to be
accompanied by different gene—environment interactions,
though this remains to be demonstrated.*®

Mothers and babies today

Given the body of evidence showing that CHD, and
the related disorders stroke, hypertension, and type 2 dia-
betes, originate through undernutrition and other adverse
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influences in utero, followed by accelerated weight gain
thereafter, protecting the nutrition and health of young
women and their babies must be part of any effective strat-
egy for preventing these diseases. The so-called “fetal ori-
gins” hypothesis resulted from studies of the geographical
association between CHD and poor living standards in
England and Wales, and the realization that a poor intrauter-
ine environment played a major role in this association.*’
Areas of the country with high coronary mortality are char-
acterized historically by poor maternal nutrition and health,
reflected in high maternal and neonatal mortality.”®

As yet we do not know the impact of maternal nutrition
on fetal development.’! The relatively disappointing effects
of dietary interventions in pregnancy on birthweight in
humans have led to the erroneous view that fetal nutrition
is little affected by maternal nutrition.*® It is becoming clear,
however, that the concept of maternal nutrition must be
extended beyond the mother’s diet in pregnancy to include
her body composition and metabolism both during preg-
nancy and at the time of conception.’'™> Moreover,
birthweight is an inadequate summary measure of fetal
experience, and we need a more sophisticated view of opti-
mal fetal development, which takes account of the long-
term sequelae of fetal responses to undernutrition. If we are
to protect babies, we must also protect girls in childhood
and adolescence. Body composition is established by child-
hood growth, and obesity and eating habits are entrained
during childhood and adolescence.

CHD epidemics

As Westernization improves the nutrition of undernour-
ished populations, fetal nutrition improves more slowly than
nutrition during childhood or adult life, because the fetus
is linked to its mother by a long and precarious supply line
that is partly established during the mother’s fetal life. It may
require more than one generation of improved nutrition
before fetal growth responds, whereas child growth responds
in one generation. During this phase of economic develop-
ment, children who were small at birth undergo acceler-
ated, compensatory growth. This is the path of growth that
leads to CHD and, it seems, may generate the epidemics of
the disease (Figure 22.1). As a consequence of phenotypic
plasticity and the costs of compensatory growth, people
who follow this path are permanently biologically different
and at increased risk of CHD. They are also more vulnerable
to the effects of poor living standards (Table 22.5), obesity,
and other adverse influences in adult life.

Conclusion

This chapter outlines a new “developmental” model for the
origins of CHD and the related disorders type 2 diabetes,

hypertension, and stroke. The finding that people who
develop these disorders have altered growth in utero,
during infancy, and childhood provides a new starting point
for research. This research, now being carried out in many
countries, has two goals: preventing disease in the next gen-
eration and treating disease in the present one. The immedi-
ate prospect for prevention is through protecting infant
growth and preventing accelerated weight gain in children
made vulnerable to later disease by small size at birth and
during infancy. Ultimately we need to optimize maternal
diet and body composition before and during pregnancy.
Despite current levels of nutrition in Western countries the
nutrition of many fetuses and infants remains suboptimal,
because the nutrients available are unbalanced or because
their delivery is constrained by the long and vulnerable fetal
supply line.>*® We need to know more about fetal responses
to undernutrition; what they are; what genes underlie
them; what induces them; how they leave a lasting mark
upon the body; and how this gives rise to CHD.
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The sequencing of the human genome is likely to be a land-
mark study of millennium proportions. The implications for
cardiology of knowing the sequence of the human genome
are many, among which the most obvious is identifying the
gene responsible for familial disorders. Abnormalities of the
heart and blood vessels are the most common of human
birth defects, occurring in about 1% of live births.!? Genetic
diagnosis and management are expected to be routinely
incorporated into the practice of cardiology by the end of
this decade.® Knowing the etiology and understanding the
pathogenesis of genetic disorders is most likely to improve
the diagnosis, prevention and treatment of those disorders,
and in addition often provides fundamental insights into
acquired disorders that simulate the phenotype. A good
example is that of familial hypercholesterolemia, in which
there is a defective receptor for cellular uptake of choles-
terol.* This confirmed that cholesterol was a major factor in
coronary artery disease and subsequently led to unraveling
of the synthesis, transport and degradation of cholesterol.
The standard treatment today for coronary artery disease,
both familial and acquired, is the use of statins to lower the
cholesterol. The identification of a gene responsible for dis-
ease and its associated network should provide new targets
for which specific therapy can be developed to treat the
acquired form of the disease. It must be emphasized that
practically all genetic disorders have an environmental com-
ponent, and the resulting phenotype is usually due to an
interaction between the gene (genotype) and the environ-
ment (phenotype).”> An obvious example of the importance
of environmental factors is that of familial hypertrophic
cardiomyopathy. This is a single gene disorder that is trans-
mitted in an autosomal dominant fashion, giving rise to
a phenotype of left ventricular hypertrophy.® The same
genetic defect is present in the same abundance in the right
ventricle, yet the disease is seldom manifested in the right
ventricle. This would imply that the high pressure of the
left ventricle is an important stimulus in the pathogenesis
of the phenotype of hypertrophy. Genetic disorders are con-
sidered in three categories, namely, chromosomal abnor-
malities, single gene disorders and polygenic disorders.
Chromosomal abnormalities are usually detected by the
pediatric cardiologist while the infant is still very young.
Examples of adult forms of chromosomal abnormality

Molecular genetics of
cardiovascular disorders

would be Turner’s syndrome. In this discussion, emphasis
will be on single gene disorders because we do not yet have
much information on polygenic disorders; however, the
future promise will be with polygenic disorders.

Mutations responsible for single gene disorders

Inherited diseases caused by an abnormality in a single gene
are inherited in a predictable pattern termed mendelian
transmission. Each individual has two copies of the gene,
one from each parent, referred to as alleles. The odds of
inheriting the mother’s allele rather than the father’s are by
chance alone, that is, 50%. Genes are units of heredity that
are passed on and transmitted independently to the next
generation. The two genes, separated on different chromo-
somes, assort themselves independently through the process
of crossover between chromosomes. The greater the dis-
tance between two loci, the more likely they are to be sepa-
rated during genetic transmission. The same disease may be
due to multiple mutations in the same gene (allele hetero-
geneity), or to a single or multiple mutation(s) in two or
more genes (locus heterogeneity). It is important to bear in
mind, however, that within any one family the gene and the
mutations responsible for the disease are the same, and that
only rarely would two genes be transmitted for the same
disease. Mutations involving only a single nucleotide are
known as point mutations and are responsible for 70% or
more of all adult single gene disorders (Table 23.1). A point
mutation may be due to substitution of one nucleotide for
another (missense mutation); or it may change the amino
acid to a stop signal which will truncate the protein (trun-
cated mutant); or it may eliminate a stop signal so that the
protein is elongated (elongated mutant). Nucleotides may
be deleted or added, which will result in a different reading
from left to right, and the gene may be read entirely differ-
ently, resulting in a non-functioning product (nonsense).

Patterns of inheritance of single gene disorders

Autosomal dominant disorders are so named because the
disease occurs despite a mutation in only one of the alleles.

287



Evidence-based Cardiology

Table 23.1 Cardiac diseases with an identified genetic locus or gene Grade Ala

Cardiomyopathies

Chromosomal locus

Hypertrophic cardiomyopathy

Dilated cardiomyopathy without conduction defects

Dilated cardiomyopathy with conduction defects
Arrhythmogenic right ventricular dysplasia
Mitochondrial cardiomyopathies

Cardiac septal defects
Holt—Oram syndrome
Di George syndrome
Noonan syndrome

Aortic diseases

Aneurysms

Supravalvular aortic disease
Marfan’s syndrome

Conduction disorder
Familial heart block

Ventricular arrhythmias
Long QT Syndrome
Brugada syndrome
Idiopathic VT

Atrial arrhythmias
WPW
Atrial fibrillation

193, 3p, 793, 11g11, 12q, 14q, 1592, 19p3
1932, 6q1, 9912, 10924, 1591, 2q31

191, 3p22, 6923

1912, 2q32, 14912, 14923, 3p23

Mitochondrial DNA

1292
22q
129

11q23-24
9q
15q

19913, 1932

3p21, 4924, 7935, 11p15, 21922
3p21

3p21

793
9q

Males and females are equally affected, with about 50% of
the offspring being expected to have the defective gene
(Figure 23.1). The following features are characteristic of
autosomal dominant inheritance: each affected individual
has at least one affected parent; 50% of the offspring will
have the defective gene; normal children of an affected indi-
vidual bear only normal offspring; males and females are
equally affected; both sexes are equally likely to transmit
the abnormal allele to male and female offspring, and male
to male transmission occurs; vertical transmission through
successive generations occurs; and it is typical for autosomal
dominant disorders to have a delayed age of onset and vari-
able clinical expression. Autosomal dominant is the main
form of inheritance in adult cardiovascular disorders, and
examples would be familial hypertrophic cardiomyopathy
(HCM) and long QT syndrome. Autosomal recessive inheri-
tance, in contrast, requires both alleles to be defective and
so both parents must have the defective gene. The following
are characteristics: parents are clinically normal heterozy-
gotes; alternate generations are affected, with no vertical
transmission; both sexes are affected with equal frequency;
and each offspring of heterozygous carriers has a 25%
chance of being affected, a 50% chance of being an unaf-
fected carrier and a 25% chance of inheriting only normal
alleles. Examples of autosomal recessive disorders affecting

Autosomal dominant
inheritance

Autosomal recessive
inheritance

X-linked inheritance Mitochondrial inheritance

|2 carrier 0O Unaffected M@ Affected |

Figure 23.1 Mendelian patterns of inheritance

the heart include Jervell and Lang-Nielson long QT syndrome
and Pompe’s disease.

X-linked inherited disorders are caused by genes located
on the X chromosome. Because a female has two X chromo-
somes, she may carry either one mutant allele or two
mutant alleles; the trait may therefore display dominant or
recessive expression. Because males have only a single X
chromosome they are likely to display the full syndrome
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whenever they inherit the abnormal gene from their
mother. Hence, the terms X-linked dominant and X-linked
recessive apply only to the expression of the gene in
females. As males must pass on their Y chromosome to all
male offspring, they cannot pass on mutant X alleles to their
sons; therefore, no male to male transmission of X-linked
disorders can occur. All females receiving a mutant X chro-
mosome are thus carriers, and those who become affected
clinically are usually homozygous for the defective gene.
The characteristic features of X-linked inheritance are as
follows: (1) no male to male transmission; (2) all daughters
of affected males are carriers; (3) sons of carrier females
have a 50% risk of being affected and daughters have a 50%
chance of being carriers; (4) affected homozygous females
occur only when an affected male and a carrier female have
children; and (5) the pedigree pattern in X-linked recessive
traits tends to be oblique because of the occurrence of the
trait in the sons of normal carrier sisters of affected males.
Examples of X-linked disorders of the heart include X-linked
cardiomyopathy, Barth’s syndrome and muscular dystrophy.

Another uncommon inheritance pattern is that of mito-
chondrial abnormalities. Mitochondria have their own
genome of about 37 genes contained in 16K of DNA in a
single circular chromosome. Most of the disorders involve
oxidative phosphorylation and are usually evident very early
in life. Phenotypes due to mitochondrial DNA mutations
are transmitted by maternal inheritance only, as the ovum
has mitochondria but the sperm does not. The characteristic
features of mitochondrial disease inheritance include: equal
frequency and severity of disease for each sex; transmission
through females only, with offspring of affected males
being unaffected; all offspring of affected females may be
affected; extreme variability of expression of disease within
a family; phenotypes may be age dependent; and organ
mosaicism is common. An example of mitochondrial inher-
ited cardiac disease is the cardiomyopathy of Kearns—Sayre
syndrome.

Polygenic inheritance of cardiac disease

Many important cardiac disorders are due not to a single
gene but rather to several genes, which increases suscepti-
bility to the disease; examples are hypertension and coro-
nary artery disease. There is ample evidence from dizygotic
and monozygotic twins, as well as endemic populations, to
indicate that such diseases have a significant genetic predis-
position,” owing to the inheritance of multiple genes.
However, each gene may contribute less than 5% suscepti-
bility to the phenotype, and thus most computer models for
mapping and detecting genes require a much more domi-
nant effect, such as in single gene disorders. There is a lack
of mathematical models for detecting a 5% influence on a
disease. It is highly likely that 20 or 30 genes contribute to

the susceptibility of diseases such as atherosclerosis or
hypertension. The small effect of any one gene requires a
sample size of several thousand. The sequencing of the
human genome in itself will accelerate finding the suscepti-
ble genes, but the recent hope for polygenic diseases is
with the new chromosomal markers referred to as single
nucleotide polymorphisms (SNP). The new markers (SNP)
distributed throughout the human genome are present
about every 1000 base pairs (bp), as opposed to conven-
tional markers at every 10 million bp.® Thus, as the markers
are so close they can detect even a 5% effect. This is still a
formidable task, in that one must genotype for several hun-
dred thousand markers, but the sample size can be less.
Automation is now available for high throughput of SNP. It
is hoped that some of the SNP represent mutations that alter
susceptibility to polygenic diseases. The SNP will at the very
least serve as signposts to map genes responsible for suscep-
tibility to disease. The combination of technology for high-
throughput genotyping of thousands of markers, together
with high-throughput sequencing, may enable one to map
and identify genes responsible for polygenic disorders.
Several genes have been identified to add susceptibility
to disorders such as hypertrophy and coronary artery dis-
ease, but primarily from association through case studies,
which remain suspect until there is a proven causative rela-
tionship. Examples would be the DD allele of angiotensin-
converting enzyme, which predisposes to hypertrophy and
sudden death,” and alleles of fibrinogen that predispose to
thrombosis. '

Family history and inherited cardiovascular
disorders

Diseases that segregate in a particular family are identified
from the family history. Obtaining a careful family history
has not been a priority for the cardiologist and so represents
an area not hitherto emphasized. Recognizing the impor-
tance of family history in single gene disorders, and also in
family cluster disorders such as atherosclerosis and hyper-
tension, must be at the fore-front of the history and physical
examination. Certain ethnic groups may direct specific test-
ing, such as for hemoglobinopathies in populations from the
Mediterranean, or sickle cell disease in African Americans.
The first individual to be recognized as having the disease is
usually referred to as the proband. Once a proband is recog-
nized, information should be collected on all first, second
and third degree relatives. The information should include
also medical problems, pregnancies, and information on
deceased relatives. Frequently, it is important to pursue
miscarriages, birth defects and other problems that might
appear to be unrelated. A pedigree should be constructed to
determine the pattern of inheritance, analogous to those
shown in Figure 23.1.
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Genetic counseling

Once it has been established that there is a familial disease it is
important to provide information appropriate to the level of
education of the individual or parents. Every attempt must be
made to explain the disease, so that important issues are
understood by the individual. An attempt must be made to
outline the diagnosis, prognosis if known, and mode of trans-
mission, together with a discussion of the psychological and
social issues. It is also important in young couples to empha-
size the mode of transmission and their chances of passing on
the disease, as well as the availability of prenatal diagnosis if
appropriate. The information must be provided in a non-judg-
mental and unbiased manner. The family must be able to
make a decision with respect to their religious, social and cul-
tural background. It is sometimes frustrating for the counselor
but personal bias must be avoided. Sometimes the issues are
extremely sensitive and the options must be presented with
concern and compassion while still remaining non-directional.

Single gene cardiovascular disorders

Several cardiovascular disorders have been shown to have a
familial basis. These diseases cover a wide spectrum, from
structural defects such as familial atrial septal defects to
functional defects such as long QT syndrome (Table 23.1).
For most of these diseases the chromosomal location (locus)
has been mapped but the gene has not yet been identified.
However, diseases such as the cardiomyopathies, particu-
larly hypertrophic cardiomyopathy, have undergone major
investigations, with elucidation of the pathogenesis. Animal
models of human familial HCM have been developed
and therapies have been evaluated. There is considerable
progress in the identification of genes responsible for ven-
tricular arrhythmias, particularly the long QT and Brugada
syndromes. It is still premature to manage these disorders
based on their genetic etiology. This is partly because
genetic screening is not available and the populations stud-
ied have not yet been adequately characterized to provide
generalized approaches to treatment. A few of these disor-
ders will be discussed to indicate progress in improving diag-
nosis, prevention and treatment. It also indicates the trends
for the future, when most of these genes will be identified
and data be available on the pathogenesis and prognosis as
they relate to the specific molecular defects.

Long QT syndrome

Several mutations have been identified in the sodium or
potassium channel genes responsible for long QT syndrome,
which predisposes to ventricular arrhythmias and sudden
death. The inherited form of long QT syndrome is caused by
discrete mutations in genes that encode ion channels.
Several mutations have been identified in the sodium chan-
nel gene SCNSA.''~13 The long QT associated mutations in

SCN5A are associated with increased sodium flux and pro-
long depolarization. The mechanism believed to be respon-
sible for the arrhythmias is an imbalance between the
inward and outward currents during the plateau of the
action potential. Most of the mutations in the sodium chan-
nel appear to be gain of function. The pattern of inheritance
is most frequently autosomal dominant, although a rare
recessive form has also been identified.

Several mutations have also been noted in potassium
channels, which reduce potassium flux through a loss of
function.'?!4 These mutations appear to have a dominant
negative effect. Rarely, the QT syndrome is inherited in an
autosomal recessive manner and may be associated with
deafness, such as in the Jervell and Lang-Nielsen syndrome.
This led to the recognition that the inward potassium cur-
rent is necessary for endolymph production in the inner
ear.'® There is extensive phenotypic variability among these
various genes and mutations, and within the same family, in
keeping with other genes, there are many modifiers yet to
be recognized to properly interpret genotype/phenotype
correlations.

Another form of cardiac channelopathy is idiopathic ven-
tricular fibrillation. The electrocardiogram may be normal,
although some individuals have an associated electrocardio-
graphic abnormality that includes ST segment elevation
V1-3 together with right bundle branch block, referred to
as Brugada syndrome.!®18 Mutations responsible for this
disease have been linked to SCN5A with dominant inheri-
tance. There is at present no proven mechanism for the ven-
tricular arrhythmias; however, it is believed to be due to
inhomogeneity between the epicardium and the endo-
cardium during repolarization, which leads to reentry.

Genetic studies have led to improved treatment for some
of these disorders. Patients with long QT syndrome due to
mutations in SCN5A can be treated by sodium channel
blockers such as mexelitine. These drugs block the mutant
sodium channel’s current and have been shown to be selec-
tive and effective. No specific treatment for long QT syn-
drome due to potassium channels has yet been identified,
except for oral potassium supplementation and automatic
indwelling defibrillators. It is expected that many more of
these channelopathies will be identified, and it is reasonable
to assume that most of the channels responsible for atrial
and ventricular currents will be discovered through muta-
tions. A locus for familial atrial fibrillation has been mapped
to 10q32 but the gene has yet to be identified.!” A gene
responsible for an uncommon form of Wolff—Parkinson—
White (WPW) syndrome was identified and shown to be
AMPK?°2! Several mutations in AMPK have since been
identified®>?* as inducing WPW, which is associated with
hypertrophic cardiomyopathy, conduction disorders and a
high incidence of atrial fibrillation. It appears that AMPK
induces abnormalities in glycogen which leads to all three
phenotypes.
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Familial hypertrophic cardiomyopathy

Clinical and pathological features of HCM

HCM is an autosomal dominant disease defined by cardiac
hypertrophy in the absence of an increased external load
(unexplained hypertrophy). Patients exhibit protean clinical
manifestations, ranging from minimal or no symptoms to
severe heart failure and sudden cardiac death (SCD). The
clinical manifestations often do not develop until the third
or fourth decades of life and the majority of patients are
asymptomatic or mildly symptomatic. HCM is a relatively
benign disease with an estimated annual mortality rate of
<0-7% in the adult population.?> However, SCD is often the
first and tragic manifestation of HCM in the young.?® HCM
is the most common cause of SCD in young competitive ath-
letes, accounting for approximately one third of all SCD
cases.?0 The main pathological features of HCM include
myocyte hypertrophy and disarray, interstitial fibrosis and,
to a lesser extent, thickening of the media of intramural
coronary arteries. Whereas hypertrophy and fibrosis are the
common responses of the heart to all forms of injury,
myocyte disarray is considered the pathological hallmark of
HCM.%’ Cardiac hypertrophy and interstitial fibrosis are the
major determinants of mortality and morbidity in HCM.?8-32
In those with mild or no cardiac hypertrophy, myocyte
disarray is a major predictor of SCD.33

Molecular genetics

HCM is a genetic disease with an autosomal dominant mode
of inheritance. A family history is present in approximately
two thirds of all index cases (familial HCM) and the
remainder are sporadic. Sporadic cases are also caused by
genetic mutations, albeit de novo, and affected individuals
transmit the mutation and disease to their offspring in

the same patterns as familial cases. HCM usually is due
to mutations in at least 10 contractile sarcomeric proteins
(Table 23.2). Over 100 mutations in 10 genes have been
identified.

Genotype/phenotype correlations

Genotype/phenotype correlation studies suggest that causal
mutations affect the magnitude of cardiac hypertrophy and
the risk of SCD (Figure 23.2). Mutations in B-MyHC are gen-
erally associated with an early onset and more extensive
hypertrophy and a higher incidence of SCD.3#73¢ In contrast,
mutations in MyBP-C are associated with a low penetrance,
relatively mild hypertrophy, late onset of clinical manifesta-
tions and a low incidence of SCD.3438 Mutations in cTnT are
usually associated with a mild degree of hypertrophy but a
high incidence of SCD and more extensive disarray.333%40
Mutations in « tropomyosin are generally associated with a
benign phenotype and mild left ventricular hypertrophy.
However, a phenotype of mild hypertrophy and a high
incidence of SCD also has been described.*! Mutations in
essential and regulatory myosin light chains have been asso-
ciated with midcavity obstruction in HCM and skeletal
myopathy in some,*? but not in others.*> Mutations in titin*
and « actin®” have been observed in a small number of
families.

The results of genotype/phenotype correlation studies
are subject to a large number of confounding factors, such as
the small size of the families; the small number of families
with identical mutations owing to the low frequency
of each mutation; variability in the phenotypic expression
in affected individuals within the same family or among
families with identical mutations; the influence of modifier
genes;* the influence of non-genetic factors; and, rarely,
homozygosity for causal mutations and compound

Table 23.2 Causal genes for HCM: genes coding for sarcomeric proteins Grade Ala

Gene Symbol Locus Frequency % Mutations

B-Myosin heavy chain MYH7 14912 ~go >70, predominantly missense mutations

Myosin binding protein-C MYBPC3 11p11:2 ~20 >40, predominantly splice junction and

insertion/deletion mutations

Cardiac troponin T TNNTZ2 1932 ~20 >15, mostly missense

a-Tropomyosin TPM1 1569221 ~b >b missense mutations

Cardiac troponin | TNNI3 19p13-2 ~5 3 missense and 1 deletion mutations

Essential myosin light chain MYL3 3p21-3 <b 2 missense mutations

Regulatory myosin light MYL2 12923-24-3 <b 7 missense and 1 truncation mutations
chain

Cardiac a-actin ACTC 15g11 <b 2 missense mutations

Titin TTN 2q24-1 <5 1 missense mutation

a-Myosin heavy chain MYH6 14q1 Rare 1 missense and 1 rearrangement mutation

Cardiac troponin C TNNC1 3p21-:3-3p14:3  Rare 1 missense mutation in a patient with HCM
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Figure 23.2  Stratification of risk according to mutation.
Shown here are two different mutations in the B-MHC gene.
The mutation in Family 152 is associated with essentially nor-
mal life span, whereas Family 2 has a mean life span of about
28 years. This emphasizes the potential prognostic signifi-
cance of individual mutations.

mutations.**! Correlations between the small number of
patients studied suggest prognostic stratification by the
mutations, but caution must be exercised until larger stud-
ies are performed>? (Figure 23.2).

Pathogenesis of HCM

The initial defects induced by the mutant sarcomeric
proteins are diverse. They comprise impaired actomyosin
interaction and cardiac myocyte contractile performance,
altered Ca®" sensitivity, reduced ATPase activity, sarcomere
dysgenesis, altered subcellular localization and altered stoi-
chiometry of the sarcomeric protein.>* However, despite the
diversity of the initial defects, the final phenotype is hyper-
trophy, fibrosis and disarray. We have proposed that a com-
mon link between the initial defect and the final phenotype
is impaired cardiac myocyte contractile function,>* which
increases myocyte stress and leads to the activation of stress-
responsive intracellular signaling kinases and trophic
factors. Release of trophic factors activates the transcription
machinery, leading to cardiac hypertrophy, interstitial
fibrosis and other histological and clinical phenotypes of
HCM.>* Accordingly, myocyte hypertrophy and disarray,
interstitial fibrosis and thickening of the media of intramural
coronary arteries are considered “secondary” phenotypes
and thus potentially reversible. In addition, the severity of
the phenotype is affected by factors other than the causal
genes, that is, the environmental factors and the modifier
genes. In support of this hypothesis, we have shown that
stress-responsive signaling kinases ERK1 and 2 are activated
in the heart of transgenic animal models of HCM, and that
cardiac hypertrophy and interstitial fibrosis could be
reversed or attenuated by pharmacologic interventions dis-
cussed later.

Dilated cardiomyopathy (DCM)

Genetics of dilated cardiomyopathy

Dilated cardiomyopathy (DCM) is a primary disease of the
myocardium, diagnosed by a decreased left ventricular
ejection fraction (<0-45) and an increased left ventricular
cavity size (end diastolic diameter >2-7cm/m?). Clinical
features of DCM are those of heart failure, including syn-
cope, cardiac arrhythmias and SCD. The etiology of DCM is
diverse and a family history is present in approximately half
of all index cases.>>>’ In such cases DCM is therefore con-
sidered a familial disease. The remainder have no family his-
tory and thus DCM is considered sporadic. A significant
number of patients with DCM and their affected relatives are
asymptomatic and are mistakenly considered normal, unless
subjected to clinical and genetic investigation.>® Familial
DCM is commonly inherited as an autosomal dominant dis-
ease>® which clinically manifests during the third and fourth
decades of life. An X-linked and an autosomal recessive pat-
tern of inheritance also occur, which often manifest early and
often during the second decade of life. The mode of trans-
mission is matrilineal when DCM occurs because of muta-
tions in the mitochondrial DNA. DCM also occurs in
conjunction with the triplet repeat syndromes and follows
their pattern of inheritance.

DCM is an extremely heterogeneous disease (Table 23.3).
Despite the diversity of the causal genes and mutations, the
vast majority of them encode for proteins that are either
components of the myocardial cytoskeleton or support it.
Therefore, DCM is considered a disease of cytoskeletal pro-
teins. Given the diversity of causal genes and mutations, it is
not surprising that each causal gene accounts for a very small
fraction of familial DCM and that none predominates.
Collectively, the mapped genes account for approximately
half of all familial DCM cases, and in a significant number of
families although the chromosomal loci have been mapped,
the causal genes remain unidentified. The gene encoding
cardiac a actin (ACTC) was the first causal gene identified
for familial DCM, with an autosomal dominant mode of
inheritance.”® The authors proposed that defects in the
cytoskeletal proteins could, by impairing the transmission of
contractile force, cause DCM.>® Recently, mutations in two
additional components of the sarcomere, namely the (
myosin heavy chain and cardiac troponin T, were found in
patients with DCM.>® As discussed earlier, mutations in
ACTC, MYH7 and TNNTZ2 are also known to cause HCM.
Thus, these findings suggest that the topography of the muta-
tions within the sarcomeric proteins plays a significant role in
determining the ensuing clinical phenotype. Mutations in
cytoskeletal proteins & sarcoglycan,’® metavinculin and dys-
trophin®! are also known to cause DCM. Mutations in o
sarcoglycan (adhalin) cause an autosomal recessive form of
DCM that occurs in conjunction with limb—girdle muscular
dystrophy. An intriguing causal gene for familial DCM is the
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Table 23.3 Genetic causes of dilated cardiomyopathy Grade A1a

Gene Symbol Locus Frequency Phenotypes

Cardiac a-actin ACTC 15q11-14 Low DCM or HCM, based on topography of the
mutation and probably genetic background

B-Myosin heavy chain MYH7 14911-13 Low DCM or HCM, based on topography of the
mutation and probably genetic background

Cardiac troponin T TNNT2 1932 Low DCM or HCM, based on topography of the
mutation and probably genetic background

d-Sarcoglycan SGCD 5q33-34 Low DCM

Dystrophin DMD Xp21 Low X-linked DCM

Lamin A/C LMNA 1p21.2 Low DCM and conduction defect

Emery—Driefus muscular dystrophy,

lipodystrophy (Dunnigan variety)

Taffazin (G4.b) TAZ Xq28 Low DCM, ventricular non-compaction, skeletal
myopathy, mitochondrial abnormalities

Desmin DES 2935 Low Desmin-related myopathies

aB-Crystallin CRYAB 11935 Low Desmin-related myopathy

Desmoplakin DSP 6p23-25 Low Recessive DCM

? ? 1932 ?

? ? 2q14-22 ? DCM + conduction defect

? ? 2931 ?

? ? 3p22-25 ? DCM + conduction defect

? ? 6q23-24 ? DCM + hearing loss

? ? 9q13-22 ? DCM + conduction defect + adult-onset
limb—girdle dystrophy

? ? 10921-23 ? DCM + MVP

lamin A/C gene,%®* which encodes a nuclear envelope pro- desmin and /B crystallin involves the deposition of

tein. The observed phenotype resulting from mutations in
the rod domain of lamin A/C is progressive conduction dis-
ease, atrial arrhythmias, heart failure and SCD. Finally, muta-
tions in the intermediary filament desmin and its associated
protein o/B crystallin have been identified in patients with
DCM.%%7 Often such mutations lead to a phenotype of car-
diac and skeletal myopathy referred to as desmin-related
myopathy.?® Collectively, these findings suggest that muta-
tions affecting the integrity of the cystoskeleton can cause
DCM. Systematic genotype/phenotype studies are not yet
available.

Pathogenesis of DCM

Mutations in cardiac «a actin, B myosin heavy chain, cardiac
troponin T and other cytoskeletal proteins impart a
dominant-negative effect on transmission of the contractile
force to the extracellular matrix proteins.”® Mutations in the
dystrophin gene lead to a decreased expression level of dys-
trophin, a major cytoskeletal protein in skeletal and cardiac
muscles. Decreased expression of dystrophin impairs effi-
cient mechanical coupling and myocyte shortening. In X-
linked DCM, the severity of the clinical phenotype
correlates inversely with the expression level of dystrophin.
The pathogenesis of DCM resulting from mutations in

desmin, and «/B crystallin aggregates in the myocardium.
The molecular pathogenesis of DCM caused by mutations in
lamin A/C or emerin remains largely unknown. It is likely
that lamin A/C is also involved in maintaining the integrity
of the cytoskeleton. The pathogenesis of cardiomyopathies
in patients with the triplet repeats syndrome is also unclear.
Expansion of the CTG (CUG in mRNA) repeats in the 3’
untranslated region of the myotonin protein kinase gene
could lead to unstable mRNA and decreased expression of
the protein. It is also possible that proteins that bind to CUG
repeats may be necessary for proper transcription, splicing,
translation and nuclear transport of mRNAs of cardiac
genes.

Arrhythmogenic right ventricular
dysplasia (ARVD)

ARVD is the primary abnormality of the myocardium, char-
acterized by a progressive loss of myocytes, fatty infiltration
and replacement fibrosis, which occur predominantly in the
right ventricle.® ARVD, also named arrhythmogenic right
ventricular cardiomyopathy, often manifests as ventricular
arrhythmias originating from the right ventricle. A character-
istic electrocardiographic pattern is the presence of & wave,
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and less characteristic findings are depolarization/repolar-
ization abnormalities in the right precordial leads. The age
of onset of the disease is variable but commonly ARVD
manifests with minor arrhythmias during adolescence,
progressing to serious ventricular arrhythmias during the
third and fourth decade of life leading to SCD. In Italy,
ARVD is a relatively common cause of SCD in the young.®’
Gradual fibrofatty infiltration of the myocardium leads to
regional and global right ventricular dysfunction and, less
frequently, left ventricle failure. In advanced stages both
ventricles are involved and heart failure is the predominant
manifestation.

Several loci for ARVD have been mapped, including loci
on 14g23-q24 (ARVD1),”® 1q42-qg43 (ARVD2),”! 14ql2-
q22 (ARVD3),7% 2q32-q32-3 (ARVD4),”® 3p23 (ARVD5)7*
and 10p14-p12 (ARVD6).”® The causal gene for the ARVD2
locus on chromosome 1q42-g43 has been identified as the
cardiac ryanodine receptor gene (RYR2).”° Mutations in
RYR2 have been identified in four independent families with
ARVD.7® 1t is also likely that catecholaminergic (stress-
induced) ventricular tachycardia, although it classically
occurs in a structurally normal heart, is a phenotypic variant
of ARVD, as mutations in RYR2 have been identified in such
patients.”” Naxos disease, so named because it was first
reported from the island of Naxos in Greece, is an autoso-
mal recessive disorder characterized by ARVD, palmoplan-
tar keratoderma and other ectodermal features, such as
woolly hair.”® Recently, a 2bp deletion mutation in the
plakoglobin gene, located on 17qg21, was identified in
patients with Naxos disease.”®

Genetics of hypertension

Hypertension is among the top three or four most common
diseases worldwide. It is an independent risk factor for car-
diac morbidity and mortality and a major stimulus for cardiac
hypertrophy, which itself significantly increases susceptibil-
ity for sudden cardiac death. Hypertension, as indicated
previously, is primarily a polygenic disease. It is expected that
there are several genes that increase susceptibility to devel-
oping hypertension. These genes interact with the envi-
ronment, and the onset of hypertension is usually age
dependent, with 20-30% of the population being hyperten-
sive in their elderly years. Identification of the susceptibility
genes remains an elusive goal and is likely to occupy most of
the present decade. A recent study emphasizes the impor-
tance of identifying the genes responsible for hypertension.
Geller and his associates’” recently identified a family with
early onset of hypertension. The disease segregates as a dom-
inant mendelian disorder. A mutation was identified in the
mineralocorticoid receptor. The patient had severe hyperten-
sion, decreased plasma renin activity, decreased serum aldos-
terone, and no other underlying cause for hypertension. The

mutation was a missense in which leucine was substituted
for serine at codon 810, and is in the domain of the receptor
that binds to the hormone. Normally, 21-hydroxyl group
steroids are necessary to activate this receptor. In contrast,
the receptor with the mutation seems to activate itself and
does not require 21-hydroxyl stimulation. The potent antag-
onist spironolactone, which normally would block mineralo-
corticoid activity in normal individuals, acts as an agonist in
individuals with this mutation, causing hypertension and
further activating mineralcorticoid activity. This is quite a
drastic and unexpected change for the mutation not only to
have a positive effect, but to change the receptor to respond
to hormones and drugs in a manner opposite to normal.
Another important observation was in pregnancy, in which
about 6% of individuals develop hypertension and may pro-
ceed to pre-eclampsia. It was noted that progesterone,
which normally does not activate the mineralcorticoid
receptor, does so in individuals with the mutation. This has
significant implications in pregnancy, as progesterone levels
are normally increased 100-fold and thus women with this
mutation would be expected to develop hypertension.
Furthermore, treatment with spironolactone would increase
the hypertension and may precipitate pre-eclampsia. Two of
the carriers in this family had undergone pregnancies all
complicated by hypertension. It is also of note that while
pregnant, these women had a decreased serum potassium
and aldosterone levels, in keeping with the expected abnor-
mal response induced by the mutation. Although this is not
one of the polygenic causes of hypertension, it emphasizes
the pathogenetic mechanism involved and has clearly
improved the treatment of this condition, which is particu-
larly important in pregnhancy. It is hoped that other
mendelian disorders causing hypertension will be identified,
as although they form a very small percentage of the etiol-
ogy of hypertension compared to polygenic forms,
they could have significant implications for prevention and
treatment.”

Coronary artery disease

Although atherosclerosis is a polygenic disease, certain sus-
ceptible genes have been ascertained through association
studies in populations enriched for coronary artery disease.
The results of these studies are still regarded as preliminary
until causation is proved. Nevertheless, these susceptibility
genes have shed light on the pathogenesis and are likely to
be incorporated into future genetic profiles for risk stratifica-
tion and treatment. There are obviously several components
to coronary artery disease, namely, lipids and coagulation
factors. The list of potential candidate genes for coronary
atherosclerosis is extensive (Table 23.4). Two examples,
ABCAI and CYBA, are discussed briefly. Plasma levels of
high density lipoprotein C (HDL-C) and its apolipoprotein Al
are under tight control of genetic factors, which are largely
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Table 23.4 Selected candidate genes for coronary atherosclerosis and myocardial infarction Grade B3

Gene Locus Polymorphism Allele Function

Vascular homeostasis

ACE 17923 17D D 1 ACE

AGT 1942 M235T T 1 AGT

AT1 3q22 C1166A AA Unknown

ENOS 70q35-36 A/b a Unknown
GIn298Asp Asp ?

Hemostatic factors

B-Fibrinogen 492 G-453A A 1 Fibrinogen

PAI-1 7q21-3-22 4G/5G 4G 1 PAI-1

Gpllb/Illa 17921-32 PI A1/A2 (T/C)PIA2 ?

Factor V 1925-25 Argb06GIn Gin Resistance to APC

Factor VII 13934 Arg353Gin Arg Lvi

Thrombomodulin 20p1 GG-9/-10AT AT ?

Lipids and associated factors

Paraxoxonase 7921-22 A/B (GIn92Arg) B (Arg) 1 activity

LPL 8p22 Asn291Ser Ser | HDL, 1 TG
Asp9Asn Asn | HDL, 1 TG
Gly188Glu Glu | HDL, 1 TG

Hepatic lipase 15 Various mutations | HDL

LDLr 19p13:3 Various mutations 1 LDL

ApoE, (& C1, ClI) 199132 E2/E3/E4 E4 1 LDL, 1 VLDL

ApoAl-ClII-AIV 11923 Various mutations - | HDL, 1 TG

ApoB100 2p24 Various mutations 1 LDL, 7 VLDL

Apo(a) 6926 KIV repeats 1 Lp(a)

CETP 16022 Few mutations | HDL

LCAT 16g22 Few mutations | HDL

Metabolic factors

MTHFR 1p36:3 Ce7T7T T 1 Homocysteine

CBS 219223 Various mutations - 1 Homocysteine

Abbreviations: ACE, angiotensin-1 converting enzyme; AGT, angiotensinogen; AT1, angiotensin Il receptor 1; CBS, cystathionine
B synthase; CETP, cholesteryl ester transfer protein; eNOS, endothelial nitric oxide synthase; Gpllb-llla, glycoprotein Ilb-Illa; HDL,
high density cholesterol; LCAT, lecithin cholesteryl acyltransferase; LDLr, low density lipoprotein receptor; LPL, lipoprotein lipase;
MTHFR, methylenetetrahydrofolate reductase; PAI-1, plasminogen activator inhibitor-1; VLDL, very low density cholesterol

unknown. Mutations in the adenosine triphosphate (ATP)
binding cassette transporter (ABCAI) gene in patients with
Tangier disease®® have very low plasma levels of HDL-C and
apoAl and an increased risk of coronary atherosclerosis.
This suggests a major role for the ABCA1 protein in regulat-
ing plasma HDL-C and apoA1 levels and thus the risk of ath-
erosclerosis. This notion is further supported by a recent
observation of increased frequency of coronary artery dis-
ease in members of families with Tangier or familial hypoal-
phalipoproteinemia who are heterozygous for mutations in
the ABCAI gene.?!

Recent studies have implicated variants of ABCAI in sus-
ceptibility to coronary atherosclerosis in the general popula-
tion.81%2 We recently reported that a single nucleotide

polymorphism (SNP) located in the promoter region of ABCA!
was associated with increasing severity and progression of
coronary atherosclerosis.® Subjects with the TT variant,
which is associated with reduced promoter activity, had more
severe coronary atherosclerosis than those with the CC geno-
type, and those with the CT genotype had an in-between risk.

A second example is the CYBA gene, which is involved
in maintaining the delicate balance between oxidation
and reduction (redox) in the vessel wall. CYBA codes for
p22P1%% protein, which is a component of the plasma
membrane-associated enzyme NADPH oxidase. NADPH oxi-
dase is the most important source of superoxide anion, the pre-
cursor to a variety of potent oxidants, in intact vessel walls.
p22P"% in conjunction with gp91 forms a membrane-bound
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heterodimeric protein referred to as flavocytochrome bssg.
The latter is considered the redox center of the NADPH oxi-
dase. The p22P™* protein is essential for the assembly and
activation of the NADPH oxidase and plays a major role in
NADPH-dependent O, production in the vessel wall.

CYBA is located on chromosome 16q24 and has several
allelic variants, including a 242C/T transition that results in
replacement of histidine by tyrosine at amino acid position
72 (H72Y), a potential heme binding site. We determined
the association for the 242C/T variant with severity
and progression of coronary atherosclerosis and response
to treatment with a statin in a well characterized cohort
of Lipoprotein Coronary Atherosclerosis Study (LCAS)
patients.?> We showed that in the placebo group, subjects
with the mutation had three to fivefold greater loss in mean
minimum lumen diameter (MLD) and lesion-specific MLD
than those without. Progression was also more and regres-
sion less common in those with the mutation. These results
suggest that variants of p22P"* are involved in the progres-
sion of coronary atherosclerosis.

Genetics and future therapy

Once the gene responsible for a disease is identified, it is
usually possible through genetic animal models to deter-
mine the function as well as the pathogenesis of the disease.
Genetic animal models of human FHCM have been devel-
oped in both mice and rabbits.848 In mice, expression of
Arg 403, known to cause human FHCM, exhibited myocyte
and myofibrillar disarray, impaired cardiac function and
extensive fibrosis. Howevet, there is very little hypertrophy.
Expression of this same mutation Arg 403 in rabbits was
associated with a phenotype that is virtually identical to that
observed in human FHCM.8® This may be because the rab-
bit has BMHC as the predominant myosin in the heart, just
as is found in human myocardium, whereas the mouse
heart has «MHC. In the transgenic rabbit there is myocyte
disarray, impaired systolic and diastolic function, extensive
interstitial fibrosis, and extensive septal and posterior wall
hypertrophy. There is also a significant incidence of sudden
death. Utilizing these two models, the pathogenesis of
FHCM has been considerably elucidated. It does appear that
impaired contractility due to the inherited defect in BMHC
leads to impaired contractility,>* which in turn is associated
with disarray and upregulation of several growth factors that
stimulate fibroblast proliferation, with increased matrix for-
mation, myocyte hypertrophy and further disarray.>* It has
been shown that in human FHCM several growth factors
are upregulated,”® and the pathology is that of fibrosis and
hypertrophy. As the fibrosis and hypertrophy are secondary
phenotypes, it would imply that, with appropriate therapy,
there could be attenuation, prevention or even regression of
these phenotypes.

A single blinded placebo controlled study®” was performed
in the animal mouse model with 12 transgenic mice receiving
placebo, 12 receiving losartan, and 12 controls. This study
showed that, despite a fully developed phenotype of disarray
and fibrosis, there was essentially a reversal of the phenotype
to normal after about 6 weeks of therapy. The fibrosis in the
treated group was similar to that in controls, along with
improved cardiac function. Transforming growth factor B
(TGFB), which is known to be a stimulus of fibroblastic activ-
ity and collagen deposition, also returned to control levels. It
is thus likely that TGFpB is a major mediator of fibrosis in the
mouse. In the rabbit model, a similar single blinded placebo
controlled study®® was performed with simvastatin. After
12 weeks of therapy this model showed a 37% reduction
in hypertrophy and fibrosis and a significant improvement in
ventricular function. The mechanism whereby simvastatin
induces regression of hypertrophy and fibrosis is most likely
via the inhibition of isoprenylation of signaling proteins. This
process is necessary to induce growth of the cardiac myocytes
and/or fibroblasts. These studies are very exciting and pro-
vide compelling evidence for an appropriate clinical study in
patients. We are even more excited about these results
because both drugs are known to be safe, as they have been
taken by millions of patients for other reasons. These animal
models provide the potential to identify other targets for the
development of new therapies, but clearly losartan and sim-
vastatin can be evaluated in the near future. Studies are now
under way in animals to determine whether it is possible to
prevent the development of hypertrophy and fibrosis in the
transgenic rabbit expressing BMYC. It is of note that one sel-
dom sees FHCM in humans prior to puberty, and thus there is
at least a 10-12 year window in those positive for the muta-
tion in which one could, with appropriate therapy, prevent or
modulate the rate of development of the phenotype of fibrosis
and hypertrophy. There is also of course the possibility that
one could inhibit the fibrosis separately, which would lead to
more specific therapy for the treatment of the disease in
humans. It is an example of how one can work from the bed-
side to the bench in identifying the gene, and then back to the
bedside having developed therapies in animal models that can
be evaluated in clinical trials.

A diagnostic test for preclinical FHCM derived
from genetic animal models

We are very excited about a novel diagnostic means for the
preclinical diagnosis of FHCM. In the transgenic rabbit model
of human FHCM induced by expression of the Arg 403 muta-
tion, tissue Doppler velocities of the myocardium were
assessed. It was observed that rabbits positive for the muta-
tion, and despite having no hypertrophy, exhibited impaired
tissue Doppler velocities. These animals developed hypertro-
phy and the full phenotype, but not until several months
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later.® Tissue Doppler velocities were evaluated in patients
with FHCM, those positive for a mutation but without any
clinical features, and controls:*® 11 patients positive for muta-
tions without hypertrophy or any other clinical phenotype
exhibited decreased myocardial tissue velocity. We compared
their findings with controls and patients with a clinical pheno-
type of FHCM. Tissue Doppler imaging had a sensitivity of
85% and specificity of 90% in individuals without other clini-
cal findings. These findings have been confirmed by other
investigators (personal communication) and hopefully will be
used to initiate therapy for prevention, and possibly for screen-
ing of athletes. The combination of effective therapy in animal
models and a non-invasive test for preclinical diagnosis in
patients offers great promise for the future.

Key points

e Insingle gene disorders the phenotype is predominately
due to the effect of a single gene. Other genes (modifier
genes), together with environmental factors, interact to
give the observed differences in the phenotype.

o Polygenetic disorders often have no predominant gene,
but rather multiple genes interacting with the environ-
ment to give the phenotype.

e Single gene disorders exhibit mendelian patterns of
inheritance and the genes can be mapped and identified
utilizing two and three generation families.

o  Familial hypertrophic cardiomyopathy is caused by more
than 10 genes involving more than 150 mutations.

o Familial dilated cardiomyopathy: although several have
been mapped only a few have been identified.

e Long QT syndrome and Brugada syndrome are present
in either the sodium or the potassium channels.

o  Wolff-Parkinson—White syndrome has so far been
shown to be due to mutations in AMPK gene.

e A gene responsible for atrial fibrillation has been
mapped to chromosome 10932 but the gene has not
yet been identified.

e  Genetic animal models of human familial FHCM treated
with losartan or simvastatin have had a reversal of the
phenotype, including fibrosis and hypertrophy.

e Tissue Doppler echocardiography has been shown to
diagnose FHCM in humans and in animal models prior
to the development of cardiac hypertrophy and other
features on the phenotype.
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4 Cost effectiveness of prevention of
cardiovascular disease

Daniel B Mark

Introduction

Medical care for cardiovascular disease is expensive. In the
US, the total annual direct cost of caring for coronary heart
disease, stroke, hypertension and heart failure patients is
estimated to be $130 billion, with another $18-6 billion lost
owing to the effects of these diseases on employment and
productivity.! Although Canada, western Europe and many
other industrialized countries spend less on medical care
than the US, their incidence and prevalence of cardiovascu-
lar diseases are similar and their spending on this segment of
the medical population as a proportion of all medical spend-
ing is comparable to that of the US. Because cardiovascular
diseases are chronic, therapies are largely palliative rather
than curative. Patients may live 20 or 30 years with these
disorders, during which time they can experience numerous
cardiovascular complications, often necessitating expensive
hospitalizations and interventions.

In this context, it is easy to see why preventive medical
care is appealing. By pre-empting the first manifestation of
disease, the entire set of downstream consequences (with
their attendant morbidity and cost) is also prevented.
Because it is rarely (if ever) possible to know precisely
which at-risk subject will develop clinically manifest disease,
however, preventive therapies must be given to many in
order to protect a few. Consequently, the number needed to
treat to prevent one new case of cardiovascular disease is
often quite large. Also, as preventive therapies must gener-
ally be used indefinitely, the associated lifetime treatment
costs are often substantial. For this reason, the economic
attractiveness (assessed as the cost per additional unit of
medical benefit produced) of preventive therapies has been
controversial.?

In an earlier chapter, Hlatky reviewed the basic principles
of cost-effectiveness analysis (see Chapter 6). As he pointed
out, cost effectiveness is a type of economic analysis that
relates the extra benefits of a new strategy or therapy to the
extra costs required to produce those benefits. Most com-
monly, such cost-effectiveness ratios are expressed as dollars
(or other currency) required to add an extra life year (or a
quality-adjusted life year) with the new therapy. In this con-
text, an economically attractive (“cost effective”) therapy is
one that yields an extra life year for =$50 000, whereas an

economically unattractive (“not cost effective”) therapy is
one that requires =$100 000 for every extra life year pro-
duced. (These benchmarks should not be interpreted dog-
matically.®) For reasons reviewed in detail by Hlatky, the
incremental effectiveness of a new therapy often has a much
greater impact on its cost-effectiveness ratio than its incre-
mental cost. Consequently, therapies where the number
needed to treat to produce one extra unit of benefit (for
example, one extra survivor, one extra coronary artery dis-
ease (CAD) free subject) is large may not be economically
attractive at even a modest price per subject treated,
whereas therapies that are very effective or which are
applied to high-risk populations may be economically attrac-
tive at a substantially greater cost per subject.

Preventive therapies are now typically divided into those
used in disease-free subjects to prevent the initial manifesta-
tion of disease (that is primary prevention) and those used
to prevent complications or disease progression in patients
with established disease (that is secondary prevention). In
this chapter we will review what is known about the eco-
nomics of both types of prevention for atherosclerotic coro-
nary artery disease.

Cholesterol lowering

Primary prevention Grade A

Many observational studies (reviewed in Chapter 12) have
established a strong dose-response relationship between
cholesterol level and risk of coronary artery disease (CAD).
These data suggest that therapies that reduce cholesterol the
most should prevent the greatest number of coronary events.
Trials evaluating the first generation of lipid-lowering agents
(for example, Helsinki [gemfibrozil], LRC-CPPT [cholestyra-
mine], and WHO |[clofibrate]) yielded modest reductions in
cholesterol (~10%) and produced equivocal clinical results.
Given the limited clinical effectiveness of these agents, cost-
effectiveness analyses indicated that cholesterol reduction
using them in primary prevention was economically unat-
tractive, although therapy targeted at high-risk subjects with
multiple risk factors had a more favorable economic profile.*
With HMG-CoA reductase inhibitors (statins), total and LDL
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cholesterol reductions of 20-30% or more can be achieved,
with a resulting decrease in all-cause mortality of 21%.°> As a
consequence, the cost effectiveness of preventive therapy
with these agents appears more favorable.

There are two major primary prevention trials with statin
therapy that have published economic data: the West of
Scotland Coronary Prevention Study (WOSCOPS) and the
Air Force/Texas Coronary Atherosclerosis Prevention Study
(AFCAPS/TexCAPS). WOSCOPS randomized 4159 men
between the ages of 45 and 65 without overt coronary dis-
ease who had LDL cholesterol levels =155 mg/dl to either
pravastatin (40 mg/day) or placebo.® During the mean fol-
low up of 4-9 years, pravastatin reduced the total choles-
terol by 20% and decreased all-cause mortality by 22%
(P=0-051) (Table 24.1).

To evaluate the economic profile of statin therapy in pri-
mary prevention, Caro and colleagues’ used the WOSCOPS
database along with long-term survival of Scottish subjects
(matched to the WOSCOPS subjects on age, gender and
cardiac event profile) obtained from the Scottish Record
Linkage system. This allowed the creation of a full survival
curve for each treatment arm (empirical data for 5 years,
Scottish survival data after 5 years based on subject event
profile). Cost data were derived from Scottish 1996 medical
prices and are cited below in their US dollar equivalents.
Caro and colleagues estimated that to prevent one extra
subject progressing from an asymptomatic state to clinical
disease (indicated in the WOSCOPS database by death, MI,
stroke, revascularization or angina) 31-4 men would need
to be started on statin therapy.® Pravastatin therapy (the
average daily dose in the trial was 40 mg) was assigned a
cost of $934 per year. The investigators estimated a drug
treatment cost (over 5 years) of $3735 per subject, with a
cost offset of $85 per subject owing to adverse events pre-
vented by treatment, leaving a net undiscounted 5 year
incremental cost per subject of $3650 ($3196 discounted at
6%). On the medical benefit side, the investigators projected
an average (undiscounted) increase in life expectancy per

subject of 0-25 years (approximately 0-10 years discounted).
The resulting base case cost-effectiveness ratio indicated
that statin therapy as primary prevention in the WOSCOPS
population added an additional life year at a cost of approxi-
mately $29132. Using the benchmarks cited earlier, this
would be an economically attractive therapy (that is
<$50000 per life year added).

The AFCAPS/TexCAPS trial randomized 6605 subjects
free of clinically evident CAD who had average total choles-
terol and LDL cholesterol levels to lovastatin or placebo.’
Over a mean follow up of 5-2 years, lovastatin reduced the
incidence of a first major acute coronary event by 37%
(P<0-001) (Table 24.1). In an analysis of the cost conse-
quences in this trial, lovastatin cost $4654 per patient over
the duration of the trial and saved $524 owing to reduced
cardiac events and procedures.!® These savings came from a
19% reduction in coronary bypass graft surgery (CABG), a
37% reduction in percutaneous transluminal coronary angio-
plasty (PTCA), and a 26% reduction in cardiovascular hospi-
tal days. A cost-effectiveness analysis of AFCAPS/TexCAPS is
not planned. The availability of generic lovastatin in the near
future will probably substantially reduce the net cost of this
therapy.

A third important analysis in this area was performed
using the Coronary Heart Disease (CHD) Policy Model, a
computer simulation model that estimates the annual inci-
dence of coronary disease in subjects aged 35-84 based
on their risk factor profile.'! The effectiveness of diet and
statin therapy was estimated from analysis of pooled clinical
trials. The model estimated that for men with an LDL cho-
lesterol =160 mg/dl primary prevention with statin therapy
relative to a Step I diet had a cost-effectiveness ratio between
$130000 and $260 000 per QALY added.'? Further classify-
ing risk by considering HDL cholesterol, smoking status
and blood pressure led to the identification of subgroups
with cost-effectiveness ratios as low as $54 000 per QALY
(male aged 35-49 years with all three additional risk fac-
tors) or as high as $420000. Most of the subgroups had

Table 24.1 5 Year clinical outcomes and costs of lipid lowering in major randomized trials

Study Reductions per 1000 patients Cost per patient ($)
Deaths MI Revasc Tx Offset Net

1° Prevention
WOSCOPS B 19 3700 100 3600
AFCAPS 4 26 31 4654 524 4130
2° Prevention

4S 32 47 59 4650 3900 780
CARE 11 18 47 5550 1660 3890

Adapted from Mark DB, Hlatky MA. Clinical cardiology: new frontiers medical economics and the
assessment of value in cardiovascular medicine. Circulation 2002;106:516-20.
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ratios above $100000. For women, cost effectiveness (CE)
ratios for primary prevention with statin therapy were even
higher, with the most favorable being $61 000 per QALY
and the least favorable subgroup having a ratio of $1-4 mil-
lion per QALY.

There are several possible reasons why the WOSCOPS
analysis and the CHD Policy Model analysis reached differ-
ent conclusions about the economic attractiveness of statin
therapy as primary prevention. The most important is prob-
ably the different amount of incremental life expectancy
attributed to statin therapy by the two models. In particular,
the 0-25 year incremental life expectancy per patient esti-
mated in the WOSCOPS analysis may overstate the benefit
of a therapy that saves one life per 1000 per year of therapy.

Primary prevention with statins is most economically
attractive in high-risk subjects. Thus, a recent model-based
analysis estimated that primary prevention with statin ther-
apy was economically attractive in both diabetic men (CE
ratio <$10000 per year of life saved) and women (CE ratio
<$40000 per year of life saved).!3

Secondary prevention Grade A

The National Cholesterol Education Program May 2001
update identifies an LDL level of <100 mg/dl as optimal in
patients with established CAD.! Several major clinical trials
have demonstrated significant clinical benefit for statin ther-
apy as secondary prevention. The Scandinavian Simvastatin
Survival Study (4S) was a double-blind placebo-controlled
trial of adjusted-dose simvastatin in 4444 men and women
between the ages of 35 and 60 with a history of angina
or prior MI and total cholesterol levels between 210 and
310mg/dl despite dietary interventions.!” Median follow
up was 5-4 years. The majority of patients received
20 mg/day of simvastatin, but more than one third required
40mg/day. Simvastatin reduced total cholesterol by 25%
and LDL-C by 35%, and it decreased all-cause mortality by
30% (P=0-003) (Table 24.1).

Pedersen and colleagues'¢ evaluated the incremental cost
of simvastatin therapy in the 4S trial. During the 5-4 years of
trial follow up, simvastatin therapy reduced hospitalizations
for acute cardiovascular disease by 26% (P<<0-0001) and
total hospital days by 5138 (P<<0-0001). The beneficial effect
of simvastatin on hospitalization first became evident after
10 months of therapy, became statistically significant after
22 months, and appeared to increase over time. The use of
antianginal and other cardiovascular drugs was not altered by
statin therapy. Using US DRG-based reimbursement rates as
cost weights, Pedersen and coworkers estimated that simvas-
tatin therapy would save an average of $3872 per patient,
owing to reduced need for hospitalization. The cost of the
drug itself over the 5 year trial period averaged $4400 (dis-
counted) per patient. Added to this were the cost of laboratory

monitoring of the statin therapy (three to four lipid and
transaminase measurements in the first year, and annually
thereafter), which amounted to $250 (discounted) per
patient. Thus, the net cost of the statin arm in the 4S trial over
a mean of 1915 days of follow up was $778 per patient,
which equates to approximately $148 per patient per year.!®

Johanesson and colleagues'” constructed a modified
Markov model to estimate the cost effectiveness of using statin
therapy for 5 years as secondary prevention for subgroups
defined by age, sex and cholesterol level. The increased life
expectancy produced by statin therapy was estimated from
the 48 trial data. For a 59 year old male with a pretreatment
cholesterol level of 261 mg/dl, life expectancy was pro-
longed by 0-28 years; for a 59 year old woman the corre-
sponding figure was 0-16 years. Cost figures were derived
from four Swedish hospitals and converted to US dollars.
For the prototypical 59 year old man cited above, treatment
costs averaged $2242 with a cost offset of $718 owing to
reduced morbidity, leaving a net incremental cost of $1524
per patient. The cost per year of life added with statin ther-
apy for this patient was $5400.!7 For the corresponding
59 year old woman, the net incremental cost was $1685
and the cost per life year added with statin therapy was
$10500. The cost effectiveness of 5 years of simvastatin
ranged from $3800 per life year added for a 70 year old man
with a cholesterol of 309 mg/dl, to $27 400 for a 35 year
old woman with a cholesterol of 213 mg/dl. Extensive sen-
sitivity analyses showed that statin therapy as secondary pre-
vention was economically attractive under a wide range of
assumptions. A recent model-based analysis estimated that
statin therapy for secondary prevention was economically
attractive in the diabetic subpopulation in the US, with CE
ratios from $7000 to $15 000 for diabetic men and $24 000
to $40 000 for diabetic women.'3

Differences between cardiovascular care in Sweden and
North America raise the question of how generalizable an
economic analysis of the 4S trial is. For example, Swedish
use of coronary revascularization procedures was far lower
than in the US and many European countries. In the 4S
trial, the 5 year rate of revascularization was 17-:2% in the
placebo arm, and 81% of those procedures were coronary
bypass surgeries. With the higher procedure rates in the US,
even a modest relative reduction in the need for revascular-
ization could generate greater cost savings than were seen
in 4S. In addition, important benefits of therapy may be
seen in patients who have undergone revascularization.
For example, in the Post Coronary Artery Bypass Graft
Trial, aggressive lipid lowering with lovastatin to an LDL-
cholesterol <100 mg/dl reduced the need for repeat revas-
cularization over a 4 year follow up by 29% relative to
moderate lipid lowering therapy.'®

The CARE (Cholesterol and Recurrent Events) trial random-
ized 4159 postmyocardial infarction (MI) patients with an
average total cholesterol of 209 mg/dl to either pravastatin
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40 mg/day or placebo.!” After 5 years of follow up, death and
non-fatal MI were reduced by 24% (P=0-003) (Table 24.1).

A cost-effectiveness analysis based on the CARE trial
results has recently been published.? Based on the mean
pravastatin dose in the active therapy arm, the cost of
pravastatin therapy in the trial was $925 per year ($5550
for the 6 years of the trial). Use of other cardiac medications
was similar in the two arms (about $1250 per year). Over
the 6 year follow up, the pravastatin arm saved about $1700
in hospital costs relative to placebo. Extrapolated to a life-
time perspective, the average cost of the pravastatin strategy
discounted at 3% per year was $53 177, whereas that for
the placebo arm was $42223 for an incremental cost of
$10954. Extrapolating the observed (non-significant) mortal-
ity difference in CARE yielded a discounted quality-adjusted
life expectancy of 13-62 QALYs for the pravastatin arm and
13-27 QALYs for placebo, for an incremental benefit of 0-35
QALYs. The resulting cost-effectiveness ratio was $31 000 per
QALY saved with pravastatin therapy. Results were similar in
men and women. For patients 60 and older the CE ratio was
$9100 per QALY, and a similar result was obtained in patients
with pretreatment LDL-cholesterol >150mg/dl. On the
other hand, for patients with an LDL-cholesterol <125 mg/d],
this analysis estimated that pravastatin therapy would be both
more costly and less effective than placebo. These results
show that statin therapy is economically attractive when
applied to the majority of CARE participants, namely post-MI
patients with an “average” cholesterol level.

What remains unsettled is the value of treating previously
untreated patients with LDL-cholesterol values <125 mg/dl.
Also unsettled is the value of very aggressive lipid lowering
in secondary prevention populations to LDL-cholesterol lev-
els substantially below 100mg/dl. Ongoing clinical trials
should provide additional guidance in these areas over the
next 5 years.

Cessation of smoking Grade A

Cigarette smoking has many adverse health effects, includ-
ing a significant risk of coronary disease. Given the addictive
nature of smoking, most smoking cessation programs have
limited success (~6% more patients stop smoking in
12 months than do controls).?! As reviewed in previous
chapters, observational data suggest that those who succeed
in quitting experience a sharp decline in the high cardiovas-
cular risk associated with smoking in the first 6 months, and
their risk reaches the level of non-smokers after 1-2 years.
This decrease in cardiovascular risk from smoking cessa-
tion has been estimated to increase life expectancy for each
quitter by between 2 and 5 years.?? Furthermore, each
smoker who quits is associated with an average reduction
in CAD-related medical costs of about $900 over the ensuing
8 years.?

In a primary prevention study, Cummings and colleagues®*
created a model to examine the cost effectiveness of physi-
cian counseling (versus no counseling) on smoking cessa-
tion. In their model, the authors assumed that physician
counseling led to a 2-7% decrease in smoking at 1 year, with
a subsequent 10% relapse rate. They assumed that the cost
of this brief advice would be $12. These data yielded CE
ratios from about $1000 to $1400 per year of life saved for
men, and from about $1700 to $3000 per year of life saved
for women. Sensitivity analysis of a worst case scenario (cost
increased to $45, cessation rate decreased to 1%, 50%
relapse after the first year) still indicated that brief physician
advice to quit smoking was economically attractive.
Although physician counseling is only very modestly effec-
tive, it remains an important prevention strategy because it
is so inexpensive.

A similar analysis was performed by Oster and coworkers
comparing nicotine gum as an adjunct to physician advice
versus physician advice alone.?> Based on randomized clini-
cal trials, the authors assumed that nicotine gum for
4 months resulted in a cessation rate of 6-1% versus 4-5%
for physician counseling. The cost of 4 months of nicotine
gum was $161 (1984 figures). The CE ratios for this form of
smoking cessation intervention ranged from about $6000
to $9000 per life year added for men, and about $9500 to
$13000 for women.

In the arena of secondary prevention, Krumholz and col-
leagues evaluated the effect of a nurse counseling smoking
cessation program for post-MI patients.?® Data from a previ-
ously published randomized trial was used in a decision
model to define the 1 year quit rate and postcessation mor-
tality.?” The model assumed an incremental life expectancy
of 1-7 years per quitter. The estimated cost of the program
was $100 per patient. With an incremental smoking cessa-
tion rate of 26%, the program’s cost-effectiveness ratio was
highly favorable at $265 per life year added. Sensitivity
analyses showed that the cost-effectiveness ratio remained
attractive at below $10000 per life year added if only 1%
of smokers quit (instead of 26%), or if quitters gained only
0-1 year of life expectancy (instead of 1-7 years).

For those who are able to stop smoking, observational
data suggest significant gains in life expectancy. When these
favorable estimates are combined with the relatively modest
cost of smoking cessation interventions, these programs
appear very economically attractive.

Treatment of hypertension Grade A

Hypertension is an ideal disease for preventive therapy. It is
a highly prevalent disorder, with more than 60 million
Americans (one in four adults) estimated to have the dis-
ease.! If untreated, hypertension leads to significant morbid-
ity and mortality, with coronary disease, heart failure and
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strokes being the main cardiovascular complications. Finally,
numerous interventions capable of lowering the blood pres-
sure are available, including a wide spectrum of antihyper-
tensive pharmacologic agents.

Using data from the Framingham study, Stason and
Weinstein evaluated the cost effectiveness of treatment of
hypertension as primary prevention by modeling stepped
care, from screening for hypertension to drug compliance.?
When stratified by initial blood pressure, age, gender and
race, most subgroups had cost-effectiveness ratios of less
than $50 000 per quality-adjusted life year. Not surprisingly,
the cost effectiveness was more favorable for those with
higher initial blood pressures. Other determinants of cost
effectiveness were gender, age and compliance.

Because hypertension usually requires lifetime therapy,
and as most antihypertensive agents are equally efficacious
at reducing blood pressure, an important determinant of the
economic profile of this form of prevention is the cost of the
antihypertensive regimen. Edelson?® evaluated the cost
effectiveness of five specific monotherapies in persons with-
out coronary disease aged 35 to 64. The study involved sim-
ulation of 20 years of therapy (1990-2010) based on the
Coronary Heart Disease Policy Model. Effectiveness data
was based on a meta-analysis of 153 studies in the literature.
A key assumption was that if different agents produce the
same reduction in diastolic blood pressure, then the clinical
benefit would be the same. Of the five agents studied, pro-
pranolol and hydrochlorothiazide had the most favorable
cost-effectiveness ratios, at $10900 per year of life saved
and $16400 per year of life saved, respectively (expressed
in 1987 dollars). Captopril had a higher cost and a lower
estimated reduction in diastolic blood pressure, yielding a
cost-effectiveness ratio of $72 100 per life year saved. A lim-
itation of the study was that estimates of 20 year outcomes
were based on trials often lasting only several months. More
recently, Littenberg and colleagues®® modeled the cost effec-
tiveness of treating mild hypertension (diastolic pressure
from 90 to 105) and also found that the cost-effectiveness
ratio was more attractive when the least costly antihyper-
tensive agent was used.

Even though the various antihypertensive agents are all
capable of lowering blood pressure, evidence for a mortality
benefit is strongest for diuretics and B blockers.>! In an
overview of four trials, ACE inhibitors were found to reduce
stroke (by 30%) and coronary heart disease (by 20%).3* In
placebo-controlled trials, calcium channel blockers reduced
stroke (by 39%) and major cardiovascular events (by 28%).
Some continue to argue that long-acting calcium-channel
blockers are inferior to other antihypertensives based on the
available trial data, but this point remains contentious.>3

Although no recent economic models have evaluated treat-
ment of hypertension in the elderly, an overview of the avail-
able randomized trial data showed that two to four times
as many younger subjects needed to be treated for 5 years

to equal the benefits of therapy in preventing morbid and
fatal events in the older population.?* Thus, the economic
profile of treatment in the elderly would be expected to be
correspondingly favorable.

No large randomized clinical trials have evaluated hyperten-
sion control as secondary prevention, and no cost-effectiveness
models addressing this issue have been published.

Exercise as therapy

Many epidemiologic data support the idea that regular exer-
cise is associated with less coronary heart disease and
improved longevity (see Chapter 16). The improved out-
comes are attributed, at least in part, to improvements in
blood pressure, weight and cholesterol levels. Analysis of
the economic benefits of regular exercise in the primary pre-
vention of cardiovascular disease has been limited to model
simulations of clinical outcomes based on epidemiologic data.
In 1000 hypothetical 35 year old males, a 2000 kcal/week
jogging program (~20 miles) was assumed to reduce CHD
risk by 50% compared with no exercise.?® Direct costs
attributed to the program included exercise equipment and
a portion of an annual physician visit ($100 per year). The
model also used a sliding scale of indirect costs due to lost
productivity for time spent in jogging, based on how much
the individual disliked exercise ($9-00 per hour for subjects
who disliked exercise, $4-50 per hour for neutral subjects,
and $0 for subjects who enjoyed exercise). The cost-
effectiveness ratio using direct costs was $1395 per quality-
adjusted life year added; with the indirect costs, the ratio
increased to $11 313 for regular exercise versus no exercise.
The model assumed that compliance was 100% even for
those who disliked exercise.

A second analysis of this issue used the Cardiovascular
Disease Life Expectancy Model to forecast the long-term
benefits of exercise training.>® This model is based on the
risk factor and outcome data from the Lipid Research Clinics
Program Prevalence and Follow-Up Studies. This model was
applied to the average risk profiles of a population-based
cohort of Canadian men and women with and without car-
diovascular disease to estimate life expectancy. The effec-
tiveness of exercise was projected based on its reported
effects on blood lipids (a 4% decrease in LDL, a 5% increase
in HDL) and blood pressure (6 mmHg decrease in systolic
pressure). Costs were based on Canadian sources and con-
verted to 1996 US dollars. Two exercise programs were
considered: a supervised exercise class at $605 for the first
year and $367/year after year 1, and an unsupervised walk-
ing program at $311 for the first year and $73/year after
that. Adherence was estimated at 50% for the first year,
dropping to 30% for all subsequent years. The unsupervised
exercise program had an estimated cost per year of life saved
of $12000, for both primary and secondary prevention.
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The supervised exercise program was also economically
attractive, with cost-effectiveness ratios of $20 000 per year
of life saved for secondary prevention in men, and between
$20000 and $40000 per year of life saved for secondary
prevention in women and for primary prevention in men.
With greater adherence than was assumed, the economic
attractiveness of both exercise programs improves.

Most studies of exercise as secondary prevention in coro-
nary disease involve structured programs of cardiac rehabili-
tation in post-MI patients. Because of limited sample size,
no single randomized trial has definitely shown that cardiac
rehabilitation reduces cardiac events. Two meta-analyses
pooled data from the available trials and estimated a
20-25% reduction in death and non-fatal MI with cardiac
rehabilitation in post-MI patients.?”*® In 1993, Oldridge®’
published an economic evaluation of an 8 week cardiac
rehabilitation program in post-MI patients with mild to mod-
erate depression and/or anxiety. There were no differences
in mortality or non-fatal MI, but quality of life, as measured
by the time trade-off method, did improve, leading to 0-052
quality-adjusted life years gained during the 1 year of follow
up. The corresponding cost-effectiveness ratio in this analy-
sis was around $10 000 per quality-adjusted life year added.
A second, more recent analysis of formal cardiac rehabilita-
tion after acute MI estimated a cost-effectiveness ratio of
$4950 per year of life saved (1995 dollars).*°

The value of these analyses on the cost effectiveness of
exercise is heavily dependent on the credibility of the
assumptions about the amount of benefit to be derived. In
this respect, the absence of large-scale mortality trials repre-
sents a weakness in the evidence that economic models can-
not rectify.

Pharmacologic secondary prevention Grade A

For those with coronary disease, aspirin therapy leads to a
substantial reduction in death and non-fatal MI, and its costs
and long-term side effects are minimal.*! Even though there
are no formal cost-effectiveness analyses of aspirin therapy,
its efficacy and low price make aspirin a “best buy” of sec-
ondary prevention therapy.

For post-MI patients, several trials have shown that
B blockers prevent death and cardiac events. Goldman and
coworkers performed a cost-effectiveness analysis of
B blocker therapy after an acute MI in men.*? The model
assumed a mortality reduction of 25% per year for the first
3 years of therapy, and 7% per year for years 4—6, with gradual
attenuation over the subsequent 9 year period, based on an
overview of the available literature. After 6 years of therapy,
the model assumed that B blockers were discontinued. The
average cost of propranolol therapy used in this study was
$208 per patient per year (1987 rates). The cost-effectiveness
ratios ranged from $2300 per life year added in high-risk

patients, to $13 600 per life year saved for low-risk patients.
The B-blocker trials upon which this model was based were
all completed in the prethrombolytic era and the cost effec-
tiveness of this form of secondary prevention has not been
re-examined in patients undergoing reperfusion therapy.
Furthermore, recent analyses of the Beta Blocker in Heart
Attack Trial (BHAT) showed that MI patients who survived
the first year with low- to moderate-risk courses (the typical
profile of a postreperfusion therapy patient) did not evidence
any long-term benefit from B blockers.*?

A more recent analysis using the CHD Policy Model
examined the epidemiologic impact and cost effectiveness
of increasing B blocker use in acute MI survivors from cur-
rent levels (estimated to be 44% in 2000) to target levels
(estimated to be 92%).** Treatment was projected to con-
tinue over 20 years. The additional costs of this full-use
B-blocker strategy were estimated at $570 million for the
USA. However, with a cost offset from decreased CAD-
related events, the net cost was estimated at $158 million.
The incremental cost per QALY added with full use
B blocker therapy was $4500. A strategy of phasing in
higher B blocker use by concentrating on achieving target
use levels in all first-MI survivors over the next 20 years was
estimated to save 72000 lives and be cost saving (a domi-
nant strategy). Thus, improving evidence-based use of
B blockers in CAD offers major health gains at a very attrac-
tive cost, and may even be cost saving.

Angiotensin-converting enzyme (ACE) inhibitor efficacy
in secondary prevention was demonstrated in the SAVE
(Survival and Ventricular Enlargement) trial, a double-blinded
placebo-controlled trial of captopril in 2231 acute MI sur-
vivors with an ejection fraction (EF) =40%. SAVE showed a
19% reduction in mortality during the average follow up of
3-5 years. Based on the SAVE results, Tsevat and colleagues*
created a decision model to determine the cost effectiveness
of ACE inhibitors in 50-80 year old acute MI survivors with
an ejection fraction (EF) of =40%. Assuming that the survival
benefits of captopril extended beyond 4 years, the cost-
effectiveness ratios averaged $10400 per QALY or less (1991
dollars), depending on age. The use of 6 weeks of lisinopril
therapy in acute MI patients was recently reported to be
economically attractive ($2080 [1993 US dollars] per extra
6-week death avoided), based on the GISSI-3 trial data.*

Between 1993 and 1995, the Heart Outcomes Prevention
Evaluation (HOPE) Study randomized 9297 patients aged
55 or greater who had either manifest vascular disease
(CAD, stroke, peripheral vascular disease) or diabetes plus
one other risk factor to ramipril or placebo.*” Over a mean
follow up of 4-5 years, the ramipril group experienced a
22% reduction in the composite of cardiovascular death, MI
or stroke (P= 0-005). All-cause mortality was reduced 16%
(P=0-005) and non-fatal MI was reduced 20% (P<<0-001).
In addition, ramipril decreased the need for revasculariza-
tion by 15% (P=0-002). Lamy and colleagues recently
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examined the economic implications of ramipril therapy in
HOPE.*® Medicare reimbursements were used to estimate
hospital costs and the Medicare Fee Schedule provided
physician costs. The retail cost of 10 mg per day of ramipril
therapy in the US is approximately $440 per year. Over the
follow up of the HOPE Study the cost of the ramipril was
$1480 per patient. Use of ramipril had no significant effect
on use of other cardiac medicines. However, hospitalization
costs were reduced by $614, and revascularization costs
(coronary, carotid, peripheral) were reduced by $750.
Although this economic analysis was retrospective and
therefore could not include all costs of interest, use of the
Medicare cost weights was conservative. Similar results
were obtained when the analysis was done using Canadian
cost weights. Thus, over the duration of the study follow up,
ramipril appeared to pay for itself by reducing complications
and related need for hospital-based care. This study did not
attempt to project results out to a lifetime perspective. Based
on the HOPE economic analysis, therefore, ramipril used in
HOPE-eligible patients is a dominant therapy (better clinical
outcomes, equivalent costs).

Preventive strategies ripe for
cost-effectiveness analysis

Multiple risk factor interventions Grade B

The studies reviewed thus far have focused on the cost
effectiveness of single risk factor interventions independent
of other risk factors. In clinical practice patients have multi-
ple risk factors that require multiple concurrent interven-
tions. The Stanford Coronary Risk Intervention Program
(SCRIP) evaluated the effect of multifactor risk modification
on the progression of angiographic CAD in 300 patients.*’
The intervention program consisted of exercise, dietary
modifications, weight loss, lipid lowering pharmacotherapy
and smoking cessation. After 4 years, patients in the inter-
vention arm had on average a 20% increase in exercise
capacity, a 4% decrease in weight, and a 22% reduction in
LDL cholesterol compared with those receiving usual care.
Angiographically, those in the risk intervention arm had sig-
nificant attenuation of coronary disease progression. In addi-
tion, there was a decrease in the composite end point of
death, non-fatal MI, PTCA and CABG (P= 0-05). Based on
these results and the reduction in cardiac hospitalizations,
Superko and coworkers estimated the net cost of the pro-
gram at $630 per patient per year.”®

Diabetes Grade A

Diabetes leads to many long-term complications, including
retinopathy, neuropathy, nephropathy and atherosclerosis.
However, only recently has control of glucose level been
demonstrated to reduce these complications. The DCCT

(Diabetes Control and Complications Trial) randomized
1441 insulin-dependent diabetic patients to intensive
insulin therapy versus conventional therapy, with a mean
follow up of 6-5 years.”! The intensive therapy arm showed
significant reductions in retinopathy, neuropathy and
nephropathy. However, as there were few cardiovascular
events in this primary prevention study the lower rate of
cardiovascular events in the intensive therapy arm was not
significant (P=0-08). A Monte Carlo simulation model
based on the reduction of renal, neurological and retinal
complications estimated that the cost effectiveness of life-
time intensive insulin therapy compared with conventional
therapy was $28 661 per life year added.>?

Conclusions

Based on the available cost-effectiveness data, the following
preventive strategies are considered economically attractive:
secondary prevention with statins in hyperlipidemia; smok-
ing cessation programs for both primary and secondary pre-
vention; treatment of hypertension for primary prevention,
especially with B blockers and thiazide diuretics; secondary
prevention with ACE inhibitors in high-risk vascular disease
patients (meeting eligibility for the HOPE Trial); primary
prevention with a regular exercise program; secondary pre-
vention with cardiac rehabilitation; and for post-MI patients,
the use of B blockers and ACE inhibitors. Even though no
formal cost-effectiveness analysis has been carried out for
aspirin (in secondary prevention), given its low cost and sub-
stantial clinical benefits it should be considered in the “best
buy” category. The cost effectiveness of clopidogrel added to
aspirin for secondary prevention is currently under study.
The cost effectiveness of primary prevention with statins in
hyperlipidemia remains unsettled. We await more clinical
effectiveness data prior to consideration of cost-effectiveness
analysis for achieving euglycemia in diabetics for both pri-
mary and secondary prevention. Finally, it is important to
bear in mind that as therapeutic options and their associated
cost change, cost effectiveness will need to be reassessed.
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2 Diet and cardiovascular disease

K Srinath Reddy

Introduction

The rapid escalation of the global epidemic of cardiovascular
diseases (CVD), projected for the first quarter of the twenty-
first century, requires a comprehensive public health
response that can reduce risk at both population and indi-
vidual levels.! Diet, as regularly consumed, and the nutri-
ents supplied by it are major determinants which initiate
and influence the course of atherothrombotic vascular dis-
ease. Identification of increased or decreased risk associated
with dietary patterns or specific nutrients, in a methodologi-
cally rigorous manner, should lay the scientific foundation
for general dietary recommendations to populations as well
as specific nutritional interventions in individuals at a high
risk of CVD.

Methodological issues in the
study of causal associations

Issues related to study design

Studies investigating the influence of diet on CVD or cardio-
vascular risk factors have employed a wide variety of study
designs: ecological studies within and across populations,
cross-sectional surveys, case—control studies (de novo or
nested), cohort studies, community-based demonstration
projects, randomized clinical trials, and before-after type
of metabolic studies. These differ widely in terms of their
ability to (a) identify, avoid, and adjust for confounding;
(b) establish a temporal relationship of cause preceding the
effect; (c) minimize bias; (d) provide a wide range of expo-
sure; (e) ascertain composite end points, including fatal out-
comes; (f) evaluate population attributable risk; and (g) yield
generalizable results.

These issues related to study design become relevant
when interpreting the results of reported studies on diet
and CVD and assessing their public health implications.
Frequently, conclusions from studies employing weak
designs are negated by the results emerging from method-
ologically stronger studies. Public policy and clinical practice
must both be judiciously guided by credible e