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bstract

An increasing number of people worldwide complain that they have become electromagnetic hypersensitive (EHS). We conducted a
uestionnaire survey of EHS persons in Japan. The aim was to identify electromagnetic fields (EMF) and plausible EMF sources that caused
heir symptoms. Postal questionnaires were distributed via a self-help group, and 75 participants (95% women) responded. Reported major
omplaints were “fatigue/tiredness” (85%), “headache”, “concentration, memory, and thinking” difficulty (81%, respectively). Seventy-two
er cent used some form of complementary/alternative therapy. The most plausible trigger of EHS onset was a mobile phone base station or
ersonal handy-phone system (37%). Sixty-five percent experienced health problems to be due to the radiation from other passengers’ mobile
hones in trains or buses, and 12% reported that they could not use public transportation at all. Fifty-three percent had a job before the onset,
ut most had lost their work and/or experienced a decrease in income. Moreover, 85.3% had to take measures to protect themselves from

MF, such as moving to low EMF areas, or buying low EMF electric appliances. EHS persons were suffering not only from their symptoms,
ut also from economical and social problems.

 2012 Elsevier Ireland Ltd. All rights reserved.

eywords: Electrohypersensitivity (EHS); Electromagnetic fields (EMF); Mobile phone base stations; Cell phones; Multiple chemical sensitivity (MCS)
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.  Introduction

Use of wireless devices, such as mobile phones and WiFi,
ave spread remarkably during the last few decades. They
ave made life more convenient, but now many persons
omplain of various symptoms attributed to exposures to
lectromagnetic fields (EMF). Major symptoms include skin
rritation, neurological and cardiac problems as well as diges-
ive difficulties [1]. The World Health Organization (WHO)
fficially recognizes the existence of these people and elec-
rohypersensitivity (EHS) as a new syndrome, but it denies
he causal relationship between EHS and EMF [2].
Please cite this article in press as: Y. Kato, O. Johansson, Reported funct
naire survey, Pathophysiology (2012), doi:10.1016/j.pathophys.2012.02

People who self-report sensitivity to EMF have been
escribed in western countries. In Sweden, the prevalence of
HS was initially estimated at 1.5% [3], but another newer
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stimation indicates that 230,000–290,000 (2.6–3.2%) report
MF sensitivity [4]. In Austria, the prevalence was estimated
t less than 2% in 1994, but in 2001 it had increased to 3.5%
5]. In Switzerland, 5% of the population has been estimated
s EHS [6]. In California, the prevalence of self-reported
ensitivity to EMF was 3.2%, with 24.4% of those surveyed
eporting sensitivity to chemicals [7].

There have been no estimations of EHS prevalence in
sian countries. Although there is no clear consensus for
HS diagnosis, seven EHS cases (6 women) were diag-
osed, by a specialist of environmental medicine at Kitazato
niversity Hospital in Japan, employing neurophysiologi-

al function tests, such as vegetative nerve function test by
upillary light reflex, smooth pursuit eye movement test,
nd brain oxygen content by EMF loading test. In the EMF
oading test, a coil connected to an EMF generator was
ional impairments of electrohypersensitive Japanese: A question-
.002

laced around the patient’s neck, and oxygen contents on
he brain surface were monitored using near-infrared spec-
roscopy (Hamamatsu Photonics Co. Ltd., Japan), by EMF
xposure of 10 kHz, 100 kHz and 1 MHz [8]. One man and

dx.doi.org/10.1016/j.pathophys.2012.02.002
dx.doi.org/10.1016/j.pathophys.2012.02.002
mailto:yas-kato20@nifty.com
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wo of the women were also diagnosed with multiple chemi-
al sensitivity (MCS). They exhibited a variety of symptoms,
uch as headache, tiredness, palpitation, dizziness and nau-
ea. They reported that major EMF sources that caused their
ymptoms included mobile phones and their base stations,
ersonal computers, power lines, fluorescent lights and elec-
ric appliances in homes. The persons were advised to avoid
MF exposures, to take antioxidants, and to try diet therapy,
uch as reducing sweeteners and increasing vegetables.

The prevalence of EHS in Japan, however, remains to be
larified along with major complaints and plausible EMF
ources that cause subjective symptoms.

The aim of this survey was to study the subjective
ymptoms reported by Japanese persons complaining of sen-
itivity to EMF, plausible EMF sources that cause their
ymptoms and EHS onset, used medical care as well as
omplementary alternative medicine (CAM) therapies, and
conomical/social problems related to their health problems.

. Subjects  and  methods

Postal questionnaires were distributed via a website and
 bulletin of a self-help group for EHS and MCS people in
apan from June to October in 2009. The membership count
f the group was about 200 and they were living throughout
apan. We received 83 responses, but eight responses were
ncompletely filed, thus the valid responses totaled 75 (71
emales and 4 males) out of the population of 200 and their
verage age was 51.2 (19–81) years (40–49 years old 36.0%,
0–59 years 30.7%, and 60–69 years 18.7%). The medically
iagnosed EHS was reported by 45.3% while 49.3% were
elf-diagnosed as EHS, and 5.3% considered themselves sen-
itive to EMF but not to be EHS (Table 1).

In the questionnaire, we asked their subjective symp-
oms attributed to EMF, suspected EMF sources that caused
ymptoms, and plausible EMF sources related to the onset.
urthermore the responders reported their therapies, CAM

ncluded and their satisfaction, costs of EMF measures, and
oncerns related to EMF, especially utilization of public
ransportation and the problems caused by other passengers’

obile phones.
To survey their subjective symptoms, a list of 43 types of
Please cite this article in press as: Y. Kato, O. Johansson, Reported funct
naire survey, Pathophysiology (2012), doi:10.1016/j.pathophys.2012.02

ymptoms including skin problems, neurological symptoms,
nd digestive difficulties was prepared by referring to symp-
oms in previous studies [8,9]. Participants checked all items

able 1
roportion of electromagnetically hypersensitive (EHS) and multiple chem-

cal sensitive (MCS) Japanese persons studied (n = 75).

EHS MCS

iagnosed 34 (45.3%) 37 (49.3%)
oncerned 37 (49.3%) 20 (26.7%)
ensitive to EMF/chemical 4 (5.3%) 11 (14.7%)
ot to be MCS – 7 (9.3%)
otal 75 75
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hat applied to themselves. However, we did not ask about
he frequency or the strength of these symptoms.

As plausible EMF sources that caused subjective symp-
oms, 39 EMF sources, such as mobile phones, personal
omputers and power lines were listed. Regarding suspected
MF source that cause EHS onset, we asked the participants

o fill in EMF sources that they regarded the most plausible.
ften the EMF sources that caused complaints (daily trig-
ers) differed from the suspected EMF sources related to the
nset (initial triggers). Many people complained that envi-
onmental EMF sources had gradually increased in number
nd their health condition had become worse. Our aim, how-
ver, was to investigate what EMF sources were attributed to
y the participants, not to prove a causal relationship between
MF exposure and symptoms.

Participants were asked what CAM they used, and how
atisfied they were with it. CAM items included dietary ther-
py, acupuncture/moxibustion, aromatherapy, balneotherapy,
hiropractic, energy healing, flower essence, herbs, home-
pathy, Japanese herbal medicine, kinesiology, osteopathy,
igong, supplements and yoga. Acupuncture, moxibustion,
nd Japanese herbal medicine are covered by the public
ealth insurance in Japan. Because these therapies are clas-
ified as CAM in western countries, we added them as CAM
n this study. Participants’ satisfaction was rated on a scale
f 0–3. The questionnaire choice was scored as “none” or
unknown”=0, “little good” = 1, “so-so good” = 2, and “very
ood” = 3.

Previous studies have noted that people who complained
f sensitivity to EMF had reduced income or were inca-
acitated for work due to their complaints [3,7,10]. The
articipants were asked about changes in monthly income,
s well as the costs and kinds of EMF-reducing measures
hey had employed.

We also asked the participants about their daily problems
ttributed to EMF, such as experiences of bad health con-
ition aboard public transportation due to other passengers’
obile phone radiation, and concerns about the construction

f mobile phone base stations.
The Statistical Package for Biosciences (SPBS) was used

or analysis. The results have been presented as means and
.D. Differences among groups were determined by the
cheffe test.

. Results

Every second responder had medically diagnosed MCS
49.3%) and self-diagnosed MCS had 26.7%. Those who
ere not MCS, but considered themselves sensitive to chem-

cals were 14.7%, and those reporting “not to be MCS” were
nly 9.3%. When the numbers in the “diagnosed as MCS”
ional impairments of electrohypersensitive Japanese: A question-
.002

nd “self-diagnosed as MCS” were compared with the corre-
ponding EHS groups, 76.0% were found in both categories.

When asked who of the responders had self-diagnosed as
HS, why they did not seek hospital treatment, the reasons

dx.doi.org/10.1016/j.pathophys.2012.02.002
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(6.7%) believed that the cause of their EHS onset was EMF
from IH cookers. Three participants experienced health prob-
lem near the photovoltaic power generation equipment, and

20.0

37.3

Personal computer

Base stations
ig. 1. Major subjective symptoms reported by Japanese electromagneti-
ally hypersensitive persons (n = 75).

ere “no hospital nearby” (51.4%)”, “difficult to go out due
o sensitivity” (21.6%), “no proper information about hospi-
als” (18.9%), “it did not seem to be an emergency” (10.8%),
nd/or “too little money for consultation” (5.4%). One person
ad succeeded to make an appointment for consultation at a
pecialist hospital, but she had to wait for six months.

Thirty-five responders (46.7%) had chronic diseases or
llergies, such as hay fever (5), rhinitis (4), asthma (3)
nd high blood pressure (3), food allergy, atopic dermatitis,
heumatism, and benign uterine fibroid tumors (2, respec-
ively).

.1. Reported  symptoms  and  sources

Major subjective symptoms reported among the EHS
ersons included “fatigue/tiredness”, and “headache”, “diffi-
ulty of concentration, remembering and thinking” (Fig. 1).
he average number of symptoms was 20 in the medically
iagnosed group, 17 in the self-diagnosed group, and 6.5
n the “sensitive to EMF” group (Table 2). When we com-
ared the number of symptoms in the medically diagnosed
roup with those of the other two groups, we found it signif-
cantly higher (p  < 0.05) than that of the “sensitive to EMF,
ut not being EHS” group. There was no significant differ-
nce between the medically diagnosed and the self-diagnosed
roups.

As plausible EMF source that caused EHS symp-
oms, most (70.7%) of the responders reported mobile
hone/personal handy-phone system (PHS) base station
Please cite this article in press as: Y. Kato, O. Johansson, Reported funct
naire survey, Pathophysiology (2012), doi:10.1016/j.pathophys.2012.02

Fig. 2). This was followed by other persons’ mobile phones
64.0%), personal computers (62.7%), and power lines
60.0%). Although the number was small, 13.3% indicated

able 2
ymptom numbers reported by the Japanese study population (n = 75).

roup Number of symptoms p-value (95%CI)
Mean (SD) Scheff test

iagnosed 20.3 (6.5) –
oncerned 17.1 (10.2) p > 0.05 (−1.8–8.3)
ensitive to EMF 6.5 (5.1) p < 0.05 (2.6–25.1) F

m

ig. 2. Major suspected EMF source reported by Japanese electromagneti-
ally hypersensitive persons (n = 75).

ultraviolet light (sunshine)” as an EMF source provoking
ymptoms (data not shown).

The most commonly suspected EMF source related to the
nset of the EHS was mobile phone/PHS base station (37.3%)
Fig. 3). It was 1.9 times more frequently attributed to than
ersonal computers (20.0%).

It should be noted that the health effects of radiation from
edical equipment, such as magnetic resonance imagery

MRI), X-ray examination, computer tomography (CT), and
chocardiography were also reported. As plausible EMF
ources that caused symptoms, participant checked echocar-
iography (18.7%), X-ray (17.3%), and MRI (16.0%).
oreover, 7 participants (9.3%) reported that the radiation

rom various medical equipments had triggered the onset
f their EHS. Four participants indicated MRI, and three
entioned X-rays. One of them was a nurse who had been
orking in a MRI room, and the remaining 6 had been

xposed to those radiations as patients.
In Japan, the use of induction heating (IH) cookers and

hotovoltaic power generations in residences are rapidly
preading. Although the number is small, five participants
ional impairments of electrohypersensitive Japanese: A question-
.002

6.7

6.7

8.0

14.7

14.7

0 10 20 30 40

IH cooking heater

Powerline

Mobile phone

Medical equipment 

 Electric home appliance

Proportion ( %

ig. 3. Suspected EMF source of EHS onset reported by Japanese electro-
agnetically hypersensitive persons (n = 75).

dx.doi.org/10.1016/j.pathophys.2012.02.002
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wo participants believed EMF from the equipment was the
ause of EHS onset.

.2.  Medical  treatment  and  cost

The medically diagnosed EHS participants had received
reatment or took medical advice from physicians. Nearly
wo thirds, (61.7%) were advised to undertake dietary ther-
py and an equal number to avoid EMF when possible. They
ere followed by to take supplements (55.9%), to remove
etallic restoration materials from teeth (32.3%), to take vita-
ins (such as vitamin C and B12) (26.4%), to try kinesiology

23.5%), and/or balneotherapy (14.7%).
Many studies have shown that oxidative stress is induced

y exposure to extremely low frequency (ELF) EMF and
adiofrequency radiation from mobile phones, and that this
xidative stress was decreased by antioxidants [11–14].
herefore, diagnosed persons had been advised to take
ntioxidants, such as vitamin C, zinc and selenium. They
ere also advised to take calcium and magnesium.
Most responders (72.0%) used CAM such as food supple-

ents (46.3%), kinesiology (38.9%), balneotherapy (35.2%),
ietary therapy (35.2%), and/or homeopathy (33.3%). The
verage number of CAM therapies used was 4 among the
omen, and 2 among the men.
We also asked the participants about their sense of sat-

sfaction with each CAM therapy, and made them – in a
uestionnaire – assign numerical values to their satisfac-
ion as “none” or “unknown” = 0, “little good” = 1, “so-so
ood” = 2, and “very good” = 3. We totaled the satisfaction
alues for each CAM user and averaged them. Higher esti-
ations of two points, or more, were chiropractic, energy

ealing, and kinesiology.
Regarding the cost of medical treatment includ-

ng CAM per year, 41.3% paid 100,000–300,000 yen
=1300–3900 USD), and 24.0% paid less than 100,000 yen
=1300 USD).

.3.  Base  stations  and  residence

The participants reported “concerns with construction of
ase stations” (68.0%), “no information on EMF from elec-
ric home appliance” (54.7%), and “no indication of the
ocation of base station” (24.0%). 85.3% had invested in
arious EMF-reducing measures. 53.3% had bought shield-
ng cloth to reduce the electromagnetic radiation. 24.0% had

oved to a low EMF area, or bought a new house in a “safer”
rea.

Of the participants, 65.3% indicated they experienced
ymptoms attributable to radiation from other passengers’
obile phones on board public transportation, and 12.0%

aid they could not use any public transportation due to their
Please cite this article in press as: Y. Kato, O. Johansson, Reported funct
naire survey, Pathophysiology (2012), doi:10.1016/j.pathophys.2012.02

erious health symptoms.
Major symptoms attributed to mobile phone radiation on

oard public transportation were headache (49.0%), palpita-
ion (24.5%), dizziness or ringing (20.4%), fatigue/tiredness,

a

t
v

iology xxx (2012) xxx–xxx

nd dermatitis symptoms (18.4%, respectively), and nau-
ea/vomiting (16.3%).

Participants took various measures to avoid radiation from
obile phones on board public transportation. Among the

articipants, 46.7% limited the time spent out, 37.3% rather
sed the bicycle or walked, 30.7% avoided the rush hours, and
4.7% asked passengers to switch off their mobile phones.

Although 40 of the participants (53.3%) had previously
een working in offices (23.1%) or as educators (19.2%) and
n health care as medical personnel (19.2%), every second
ad lost their jobs.

.  Discussion

To our knowledge this is the first study of this kind in
apan and also in Asia. The postal questionnaires were carried
ut through the website and bulletin of a self-help group for
eople with EHS and MCS in Japan. We got most responses
rom women. The proportion of women has been higher than
en also in several previous EHS studies [3,5,7,9]. As in the

elf-help group that distributed the questionnaires, women
ccounted for an overwhelming majority, it cannot be ruled
ut that this sex ratio might have affected the present results.

In this survey, half of responders had medical EHS diagno-
is and about half were self-diagnosed as EHS. It is a serious
ublic health problem that half of the participants could not
ven receive a medical consultation.

Forty-nine of the participants had also been diagnosed
s MCS, and 26.7% considered themselves MCS. The
esult suggests that persons who experience health problems
ttributed to EMF may also react to chemicals.

Mobile phone/PHS base stations were reported as the
ause of their EHS onset (37%), and also as the cause of
heir symptoms (70%). Base stations were also most often
uspected as the cause of the health problem by persons in
he Switzerland survey [15]. Several epidemiological studies
ave suggested a relationship between health problems and
xposure to radiation from base stations [16–20]. The symp-
oms reported near base stations include sleeping disorders,
eadache, concentration difficulties, and tiredness, and they
re very similar to the reported EHS symptoms. Obviously
t is necessary to clarify more the potential health risk of
um irradiations from mobile phone base stations especially
n home areas. It might prevent further onset of long-term
ealth problems.

EMF sources that were suspected to cause the subjective
ymptoms, included the passive exposures to other per-
ons’ mobile phones (64.0%), personal computers (62.7%),
ower lines (60.0%), ultraviolet light (13.3%), and/or X-rays
17.3%). This suggests that the participants might be affected
y various frequencies from ELF to ionizing radiation in
ional impairments of electrohypersensitive Japanese: A question-
.002

ccordance with a classical generalized radiation damage.
Medically diagnosed persons were treated or took advice

o undertake dietary therapy, avoid EMF, take mineral and
itamin supplements, and to remove metallic fillings from

dx.doi.org/10.1016/j.pathophys.2012.02.002
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eeth. Relying on their judgment, 72.0% of participants
hoose also to try CAM therapies, especially kinesiology,
hiropractic, and energy healing.

People who had used CAM during the previous years
ave been estimated at 42.1% in the USA [21], 6.6–20%
n the UK [22–24], and 68.9% in Australia [25]. In Japan
his figure is 65.6% [26], thus, the present 72.0% we found
n this survey was somewhat higher. Most of the participants
76.0%) reported sensitivity to chemicals, therefore it is pos-
ible that they usually avoid pharmaceutical drugs and prefer
o use CAM therapies. Further research must be performed
o confirm the validity of CAM to help sensitive people.

Our survey indicates that persons who complain of EMF
ensitivity confront many problems in their daily lives. On
oard public transportation, 65.3% of participants experi-
nced health problems attributed to irradiation from other
ersons’ mobile phones, and 12.0% even reported that they
ould not use public transportation at all.

Regarding employment, 53.3% of participants had a job
efore the EHS onset and 65.0% of them lost their work or
xperienced a decreased income after the onset. Moreover,
5.3% had invested in EMF-reducing measures to protect
heir residence from radiation, such as moving to low EMR
reas, building reduced-EMR housing, and buying low emis-
ion electric home appliances. The total cost for the present
roup rose to about 168 million yen (about 2.2 million US
ollars).

The present results showed clearly that EHS persons in
apan suffer from various symptoms, they may lose their jobs,
nd furthermore, the have to pay for protection from EMF.
heir functional impairment thus act as an actual barrier that
isturbs their social participation and well-being.

In Sweden, EHS is recognized as a functional impairment,
nd therefore, EHS persons can receive assistance and ser-
ice in accordance with the Swedish Act concerning Support
nd Service for Persons with Certain Functional Impair-
ents (“LSS-lagen”) and the Swedish Social Services Act

“Socialtjänstlagen”) [4].
The European Parliament has published a report that

equires information about the locations of EMF sources,
uch as mobile phone base stations and power lines, to rec-
gnize EHS persons and to grant them adequate protection
27]. The report indicates 29 counter-measures such as the
bove-mentioned items, including its bullet point no. 9. “Calls
n Member States to make available to the public, jointly
ith the operators in the sector, maps showing exposure to
igh-voltage power lines, radiofrequencies and microwaves,
nd especially those generated by telecommunication masts,
adio repeaters and telephone antennas.”, and no. 28. “Calls
n Member States to follow the example of Sweden and to
ecognize persons that suffer from electrohypersensitivity as
eing disabled so as to grant adequate protection as well as
Please cite this article in press as: Y. Kato, O. Johansson, Reported funct
naire survey, Pathophysiology (2012), doi:10.1016/j.pathophys.2012.02

qual opportunities”.
In the USA, the Architectural and Transportation Barriers

ompliance Board has stated EHS and MCS to be considered
s disabilities under the Americans With Disabilities Act [28].
iology xxx (2012) xxx–xxx 5

urthermore, the National Institute of Building Sciences, in
he USA, has recommended to provide rooms with low chem-
cal and EMF levels in commercial and public buildings. The
urpose is to ensure accessibility for MCS and EHS persons
29].

The Canadian Human Rights Commission reported that
pproximately 3% of Canadians have been diagnosed with
nvironmental sensitivities, including chemicals and EMF
n their environment [30]. In the report, the author recom-

ended improving the environmental quality in work places.

. Conclusion

The results obtained in the present study showed that
apanese electromagnetically sensitive persons report similar
ealth problems as people in other parts of the world. Obvi-
usly it is necessary to take a precautionary approach and to
rovide social support, as well as to conduct further research
o understand the relationship between health symptoms and
MF exposures.
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