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Abstract

Background: Electromagnetic hypersensitivity refers to health effects attributed to electromagnetic fields (EMF) exposure
and has been formally named “idiopathic environmental intolerance attributed to electromagnetic fields” (IE-EMF) by the
World Health Organization. Because of the growing use of cell phones, IE-EMF has become a global public health
concern. A survey in 2007 in Taiwan showed that the prevalence rate of IEFEMF was 13.3%, which is higher than rates in

changes in the prevalence rate around the world.

interval: 1.01—140).

studies conducted previously. The survey also found that the rate was higher in women.

Methods: To evaluate whether the prevalence rate of IE-EMF is increasing and to verify the higher risk in women, we
conducted a nationwide questionnaire survey using the same methods as the 2007 survey to assess the change in the
prevalence rate of IE-EMF in Taiwan. We also conducted a review of the literature and a meta-analysis to evaluate the

Results: On the basis of the representative sample of 3303 participants, we found that the prevalence rate of IEI-EMF in
Taiwan declined from 13.3% to 4.6% over a period of 5 years. The literature review also found the prevalence rates in
other countries to be decreasing, instead of increasing as predicted previously. The meta-analysis of the data from the
literature showed that women are more likely to have IE-EMF than men, with an odds ratio of 1.19 (95% confidence

Conclusions: We found the prevalence rate of IEF-EMF has been declining, instead of increasing as predicted previously.
Women are more likely to report having IEI-EMF than men. Further studies to explore the causes leading to the declines
may help the public, scientific community, and government deal with idiopathic intolerance to other environmental

exposures.
Keywords: Electromagnetic field, Electro hypersensitivity, Prevalence, Idiopathic environmental intolerance, Base station,
Mobile phone

Background headache; fatigue; stress; sleep disturbances; skin symp-

With the extensive usage of electrical devices and wire-
less apparatuses, humans are inevitably exposed to EMF.
Certain individuals believe that exposure to EMF con-
tributes to their discomforts, including both physical
and psychological symptoms. These symptoms include
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toms like prickling, burning sensations and rashes; pain
and ache in muscles; and many other health problems.
They are collectively called electromagnetic hypersensi-
tivity (EHS) [1, 2]. These symptoms may seriously affect
the lives of EHS sufferers, and some of them try to avoid
EMF and even prohibit others from using mobile
phones. In severe cases, this condition may lead to
unemployment and isolation from the society [3]. After
considering alternative etiologies [4], WHO coined the
term “idiopathic environmental intolerance attributed to
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electromagnetic fields” (IEI-EMF) to denote the symp-
toms attributed to EMF [5]. IEI-EMF remains primarily
as a cluster of self-reported sensitive symptoms without
clear clinical diagnostic benchmarks or a clear case def-
inition, Neither in vivo nor in vitro studies have been
able to establish the mechanism. Neither dosage nor
exposure duration of EMF has been shown to be corre-
lated with the reported symptoms [6—-11].

As IEI-EMF constitutes a worldwide public health
issue, its prevalence rate has been investigated globally.
It was reported in 1998 as 3.2% in California [12] and in
2004 as 5% in Switzerland [13]. A survey in Taiwan in
2007 showed that the prevalence rate was 13.3% [14],
much higher than those reported in other countries. An
increasing trend was also observed in some other coun-
tries. In Sweden, the prevalence rate was reported as
1.5% in 1997 [15] and grew to 2.6%-3.2% in 2001 [16,
17]. In Austria, it was reported as 2% in 1994 [18] and
reached 3.5% in 2008 [19]. A review of literature in 2006
found an increasing global trend and predicted the rate
is likely to reach 50% in 2017 globally [20]. If so, the im-
pact on public health would be enormous. However, the
most recent data included by the review were from as
early as 2004, and the prediction was based on the as-
sumption that the prevalence would preserve the same
increasing trend. The 2007 Taiwanese survey also found
a higher prevalence rate in women, but studies on this
issue are limited [21-23]. To evaluate whether the
prevalence of IEI-EMF is increasing, we conducted a
survey in Taiwan using the same methods as those in
the 2007 survey [14] and performed a meta-analysis to
assess the global time trend in the prevalence rate. We
also conducted a review of the literature on the differ-
ence in the risk between the two sexes.

Methods

Questionnaire survey

To assess the change in the prevalence rate of IEI-EMF in
Taiwan, we conducted a nationwide telephone survey using
the same method as in the 2007 survey [14]. The 2007 sur-
vey was targeted at the households equipped with a tele-
phone. The participants were randomly selected from the
phonebook of Chunghwa Telecom, which is the only wire
telephone provider in Taiwan, using the Computer-Assisted
Telephone Interviewing System (WinCATI 2000, Sawtooth
Technologies) [24]. To ensure that the sample was repre-
sentative, the survey applied a two-stage, geographically
stratified systematic sampling scheme. Households were
randomly selected from each of the 25 geographical areas
of Taiwan according to proportional population size, and a
respondent above 18 years of age was enrolled from each
household. We divided the administration districts in
Taiwan into the northern, middle, and southern regions. All
three regions have similar population sizes. The target
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sample size was set to obtain about the same number of
participants with IEI-EMF as in the 2007 survey (170) in
each region. As an increase in the prevalence was predicted,
we used the upper bound of the 95% confidence interval
(95%CI) of the estimated prevalence in the 2007 survey
(15.3%) to estimate the target sample size (170 + 15.3% =
1111) and then rounded off the number to 1100.

The interview consisted of questions regarding demo-
graphic variables, presence of catastrophic illness, self-
reported health conditions, risk perception of various
environmental agents, impairment of daily activities, and
medical resource utilization. Self-perceived health status
was evaluated with a five-point Likert scale. The EMF
sources listed include mobile phone base stations, mo-
bile phones, electric towers, and high voltage cables. IEI-
EMF was identified by the question “While being near
EMEF sources such as mobile phone, electrical devices, or
computer, do you feel allergic or sensitive?” The survey
reached 5643 households, and 1251 individuals com-
pleted the interview.

Telephone interviews were conducted at the Survey
and Statistics Research Center, Department of Statistics,
National Cheng Kung University between December
2012 and March 2013. As in the 2007 survey, outlying
islands including Lienchiang and Kinmen Counties of
the Fukien Province were not included. We used the
same questionnaire as the one used in the 2007 survey
[14], and the response rate was 23.6%, which was com-
patible to the 22.2% response rate in the 2007 survey.

The study protocol was reviewed and approved by a
Grant Review Committee of the Environmental Protec-
tion Administration of the Taiwanese government, and
participation of human subjects did not occur until after
informed consent was obtained.

Literature review and meta-analysis

With the keywords “electro hypersensitivity,” “EHS,” “idio-
pathic environmental intolerance,” “IEI-EME” “preva-
lence,” “electromagnetic field,” “base station,” “mobile
phone,” and “cellular phone,” we conducted a systematic
search of literature using databases including PubMed, ISI
Web of Knowledge, and Google Scholar to identify human
epidemiology studies on the prevalence rate of IEI-EMF.
From a same study, only one article was included. A total
of 15 qualified articles were identified [12-15, 19, 22, 23,
25-32], and 3 more reports with relevant data were identi-
fied from the references cited in those articles [22, 23, 28];
all of them were published before 2014. We extracted all
the data available from each study to perform meta-
analyses.

» o«

Statistical analysis
To compare with the results of the 2007 survey, we used
the population at the end of 2007 in Taiwan as the



Huang et al. Environmental Health (2018) 17:5

reference population to adjust for age, sex, and education
[33]. Weighted prevalence rates and their confidence inter-
vals were calculated using the SVYTABLE command of the
survey package [34] of R (Version 3.3.2) [35]. Odds ratios
(ORs) and their confidence interval associated with the pre-
dictor variables were obtained by using the command
SVYGLM for weighted logistic regressions. We applied the
Breslow-Day test to evaluate the homogeneity of the ORs
between the current study and the 2007 study.

We also conducted a meta-analysis of the prevalence
of IEI-EMF using R’s Metafor package [36]. We evalu-
ated the between-study heterogeneity using the I” statis-
tic. Considering the diversity of the population in
different countries and differences in the investigation
methods, we adopted the random effect model to esti-
mate the effect size. All statistical tests were performed
at a two-tailed significant level of 0.05.

Results
Among the 3303 telephone-interviewed participants, 155
reported IEI-EME, yielding a prevalence rate of 4.7%
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(Table 1). Females comprised the majority (62.6%) of the
IEI-EMF sufferers. The IEI-EMF and non-IEI-EMF
groups had similar distributions in all the variables
studied, except that IEI-EMF sufferers were more likely to
report impairment in daily life (23.9% vs. 11.4%, p = 0.02)
(Table 1).

To compare the results of our survey with those of the
2007 survey, we adjusted the IEI-EMF prevalence rate
for sex, education level, and age according to the demo-
graphic data in 2007 reported by the government.

In the current study, the weighted prevalence rate was
4.6% (95%CIL: 4.0%—5.4%) (Table 1). In comparison with
the general population, higher proportions of IEI-EMF
sufferers had perceived their health status as “very poor”
(8.5% vs. 1.6%, p < 0.001) and reported impairment in daily
activities (24.6% vs. 12.6%, p < 0.001).

Logistic regressions showed that after adjusting for
other factors, males had a lower prevalence rate of IEI-
EME, with an adjusted odds ratio (OR) of 0.81, but the
difference was not statistically significant (95%CI:
0.58—1.13) (Table 2). A decreasing trend in the prevalence

Table 1 Demographic data and other characteristics of participants with and without idiopathic environmental intolerance

attributed to electromagnetic fields (IEI-EMF)

Variable IEI-EMF (n = 155)  Non-IE-EMF (n=3148)  Survey population (n=3303)  Weighted % (95% confidence interval)
N (%) N (%) N (%) IEI-EMF Survey population
Sex
Female 97 (62.6) 1832 (58.2) 1929 (584) 58.8 (50.6, 66.6) 496 (478, 51.3)
Male 58 (37.4) 1316 (41.8) 1374 (41.6) 41.2 (334, 494) 504 (487,52.2)
Age (year) 478 +13.63 48.56 +14.96 4853 +14.90
18-34 29 (187) 589 (18.7) 618 (18.7) 405 (32.8,48.8) 39.6 (380, 41.3)
35-49 49 (31.6) 945 (30.0) 994 (30.1) 294 (225,374) 287 (27.1,30.2)
50-64 58 (374) 1151 (36.6) 1209 (36.6) 19.6 (13.8, 27.0) 19.6 (183, 21.0)
265 19 (12.3) 463 (14.7) 482 (14.6) 105 (6.3, 16.7) 12.1(11.0,13.3)
Perceived Health Status
Excellent 7 (4.5) 165 (5.2) 172 (5.2) 35(13,81) 50 (43,58)
Good 33 (213) 848 (26.9) 881 (26.7) 23.1 (169, 30.8) 23.81(223,253)
Fair 94 (60.6) 1837 (584) 1931 (58.5) 57.0 (4838, 64.9) 60.7 (59.0, 62.4)
Poor 17 (11.0) 261 (8.3) 278 (84) 79 (43,13.7) 9.0 (8.1, 10.0)
Very poor 4(26) 37(1.2) 41 (1.2) 85 (4.8, 144) 1.6 (2.0, 20.9)
Impairment in Daily Activities 37 (23.9)* 513(114) 395 (12) 246 (182, 32.4) 126 (115, 13.8)
Education Level
Middle school and below 38 (24.5) 785 (25.2) 823 (25.2) 47.7 (396, 55.9) 40.2 (385,419
High school 41 (26.5) 953 (30.6) 994 (30.4) 29.3 (224,373) 383 (36,6, 39.9)
College and above 76 (49.0) 1375 (44.2) 1451 (44.4) 230 (16.7, 30.6) 21.5(20.2, 23.0)
Employment Status
Employed 139 (89.67) 2817 (89.49) 2956 (89.49) 85.3 (785, 90.3) 88.1 (87.0, 89.2)
Out of work/not working 10 (6.45) 152 (4.45) 162 (4.90) 70 (3.7,125) 6.0 (5.3,69)
Unable to work 6 (3.87) 179 (5.24) 185 (5.60) 7.7 (4.2,134) 59 (5.1,67)

*p < 0.05
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Table 2 Odds ratios and 95% confidence intervals from univariate and multi-variate logistic regressions

Current Survey

Variable Univariate analysis
Sex

Female 1

Male 0.8 (06, 1.2)
Age (year)

18-34 1

35-49 10(0.7,1.7)

50-64 1.0 (0.7, 1.6)

265 0.8 (05, 1.5)
Perceived Health Status

Excellent 1

Good 09 (04, 2.3)

Fair 1.2 (06,29

Poor 1.5 (0.6, 4.0)

Very poor 25 (06,89
Impairment in Daily Activities

No 1

Yes 24 (16, 3.6)*
Education Level

Middle school and below 1

High school 09 (0.6, 1.4)

College and above 1.1(08,1.7)
Employment Status

Employed 1

Out of work/not working 13 (06, 2.5)

Unable to work 0.7 (03,14)

Multivariate analysis Weighted multivariate analysis

1 1

0.8 (0.6, 1.1) 0.7 (04, 1.1)
1 1
117,19 09 (04, 20
1.1(0.7,1.8) 0.8 (0.3, 2.0)
0.8 (04, 1.6) 06 (02,19
1 1

09 (04, 2.1) 13 (05,39
1.1(05,27) 13(05,32)
1.0 (04, 2.8) 09 (0.3, 2.6)
16 (04, 58) 54 (14, 20.6)*
1 1

26 (1.7, 40* 22(12,38)*
1 1

09 (0.6, 1.5) 06(03,14)
1.2 (08,19 09 (04, 20
1 1

14 (0.7, 26) 1.0 (04, 28)
06(0.2,1.3) 09 (0.3, 25)

*p < 0.05

of IEI-EMF (p =0.05) was found as age increased. IEI-
EMF was associated with a higher risk of reporting
impairment in daily activities (adjusted OR =2.63,
95%CI: 1.69—4.00) (Table 2).

Compared to the results of the 2007 survey (Table 3),
when the same weights were applied according to age,
sex, and education level, our survey did not find a lower
risk of IEI-EMF in participants >65 years of age. Likewise,
we did not find a higher risk of being unable to work in
participants with IEI-EMF. However, we found a higher
risk of reporting impairment in daily activities (adjusted
OR =2.17, 95%CI: 1.24—3.78) that had not been found
significant in the 2007 survey. When we applied tests for
homogenicity to determine differences in the results be-
tween our survey and the 2007 survey, we found the ORs
associated with sex were different between the two surveys
(p =0.03 for test for homogennecity) (Table 3). ORs asso-
ciated with other factors such as age, percevived health
status, impariment in daily activities, education level, and
employment status were similar between the two surveys.

The prevalence rate of IEI-EMF in Taiwan has not in-
creased since 2007. Instead, we observed a remarkable
decrease from 13.3% to 4.6% after adjusting for sex, age,
and education level (p < 0.001).

After a search of the literature on the prevalence of IEI-
EMF (Fig. 1), we obtained data on nine countries (Fig. 2)
(Table 4). Overall, there was an increasing trend in the
prevalence after the first report in 1994, but recently, the
prevalence seemed to be in decline. Specifically, preva-
lence rates in all the three countries with more than one
estimate after 2006 in our meta-analysis had declined:
from 13.3% in 2007 to 4.6% in 2013 in Taiwan, from 7.0%
in 2009 [29] to 3.5% in 2011 [31] in the Netherlands, and
from 10.0% in 2009 [22] to 7.0% in 2013 [22] in Germany
(Fig. 2). The meta-analysis yielded an estimated overall
prevalence rate of 6.0% (95%CI: 5.0%—8.0%), but the re-
sults were determined as heterogeneous (p < 0.01 for test
for homogenicity) (Fig. 3). Our meta-analysis also showed
that women were more likely to report IEI-EMF than
men, with an summary OR of 1.20 (95%CI: 1.03—1.41)
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Table 3 Homogeneity test of 2007 and the current study
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Weighted Multivariate Analysis

Variable Current survey
Sex

Female 1

Male 0.7 (04, 1.1)
Age (year)

18-34 1

35-49 0.9 (04, 2.0)

50-64 0.8 (0.3, 20)

265 06 (02,19
Perceived Health Status

Excellent 1

Good 13 (05,39

Fair 13 (05,32

Poor 09 (0.3, 2.6)

Very poor 54 (14, 206)*
Impairment in Daily Activities

No 1

Yes 22(1.2,38)*
Education Level

Middle school and below 1

High school 06(03,14)

College and above 0.9 (04, 2.0)
Employment Status

Employed 1

Out of work/not working 1.0 (04, 2.8)

Unable to work 09 (03, 2.5

2007 survey Homogeneity test

p=003
1
10 (0.7,14)
p=0.15
1
1.2 (08, 1.8)
1.1(0.7,1.8)
04 (0.1, 1.0)
p=0.12
1
09 (06, 14)
0.7 (04,1.2)
0.8 (04, 1.6)
49 (16, 15.2)*
p=042
1
13 (08, 2.1)
p=037
1
1.1 (06, 1.8)
1.1(0.7,1.8)
p=028
1
1.6 (0.8, 3.0)
1.8 (1.1, 3.2)*

*p < 0.05

(Fig. 4), but the results among those studies were deter-
mined to be heterogeneous (p < 0.001 for test for homoge-
nicity). As the test for homogenicity was statistically
significant, a random effect model was applied to obtain
the pooled prevalence. Our survey results agree with those
in most previous studies that females have a slightly
higher prevalence of IEI-EMF [13, 15].

Discussion

Our study found that the global IEI-EMF prevalence rate
has declined in recent years, not increased as predicted
by Hallberg and Oberfeld [20]. They collected 17 esti-
mates of the prevalence rates from 1985 to 2004 in
seven countries and plotted them over time in a normal
distribution diagram, which showed that the prevalence
rate would be 50% in 2017. The prediction was based on
the assumption that the trend over time will not change
direction, and it is proven wrong by the data collected in
our study, which extended the data collection to 2013
and observed a change in the direction around 2007. It

is true though that there was a consistent increasing
trend during the study period of Hallberg and Oberfeld.
In our study, three countries had more than one esti-
mate after 2007 (Taiwan, Germany, and the Netherland),
and all of them showed a declining trend over time.
Among the three countries, two were not included by
Hallberg and Oberfeld. Nonetheless, even in Germany,
which was covered by their study, there was a decline in
the prevalence rate from 2009 to 2013.

Scientific evidence bridging EMF and IEI-EMF symp-
toms has been scarce [1, 11, 37]. Many double-blind
provocation studies have been conducted to determine
whether people with IEI-EMF can detect the existence
of EMF and whether EMF is the cause of their symp-
toms. However, the results indicated that IEI-EMF
sufferers are unable to precisely detect the existence of
EMF and that short-term exposure to EMF cannot
provoke the IEI-EMF symptoms [6]. Although some be-
lieve that the level of environmental EMF exposure is
associated with the prevalence of IEI-EME, a study in
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Articles searched (n=387):
PubMed (n=212)

Web of Science (n=287)
Google scholar (n=59)

Abstracts retained for a

Exclusion:
Irrelevant (n=253)
| case report (n=18)
v review (n=14)
provocation study (n=8)

animal study (n=36)

detailed assessment (n=47)

\

Exclusion (n=33):
—| Not using random sampling or census, without data
on general population.
A\
Full-text studies examined
in detail (n=14)
Exclusion (n=3):

Not on symptoms of idiopathic environmental
intolerance attributed to electromagnetic fields.

11 articles eligible for the
review

articles.

\

Addition (n=5):
<«— | Reports identified from the references of retrieved

16 articles accepted in the
review

Fig. 1 Flow chart of the systematic literature review

European cities found that while the environmental
EMF exposure was increasing annually, the EHS preva-
lence rate was declining [38].

Since we applied the same method as used in the 2007
survey, we could assess the changes in the prevalence of
IEI-EMF over time, which has rarely been achieved. Al-
though our study and the survey in 2007 were both na-
tionwide telephone interviews, a strength of our study is
that the number of participants was nearly triple the num-
ber as in the 2007 survey (3303 vs. 1197). In both surveys,
women had a higher prevalence than men, and the re-
spondents reporting IEI-EMF were mainly in the age
range of 35 to 64 years, around 70% of all participants.
Our study found a higher prevalence of reporting impair-
ment in daily activities by respondents with IEI-EMF (ad-
justed OR=2.17, 95%CI: 1.24—3.78), which was not
observed in the 2007 survey (adjusted OR =1.3, 95%CIL:
0.8—2.1). However, the proportion of respondents with

[EI-EMF who reported being unable to work was 3.9% in
our study, much less than the 20% proportion in the 2007
survey. In fact, while the 2007 survey reported that the
IEI-EMF group had a higher risk of being unable to work
(adjusted OR =1.8, 95%CI: 1.1—3.2), we did not observe
such an increased risk in our survey (adjusted OR =0.9,
95%CI: 0.3—2.5). The question to inquire participants if
their health status contributing to the impairment in daily
activities was not classified into more detail items, such as
impairment in walking, dressing, writing, reading, and so
on. Therefore, the severity of impairment in daily activities
cannot be mirrored to the work ability. In addition, al-
though the risk of IEI-EMF sufferers in our study who re-
ported their health status as very poor (adjusted OR =54,
95%CI: 1.4—20.6) was higher than that in the 2007 survey
(adjusted OR =4.9, 95%CI: 1.6—15.2), the differences
between the two surveys did not reach statistical
significance.
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Fig. 2 Prevalence rates (%) of idiopathic environmental intolerance attributed to electromagnetic fields around the world. The 1994 data from Austria
were reported by Schréttner and Leitgeb (2008), but the actual raw data are unavailable from the references cited in the paper [19]. Therefore, we

It is possible that very serious IEI-EMF sufferers
could not be contacted by our telephone interviews,
and consequently, the prevalence rate could be under-
estimated. However, this should have occured in both
surveys and is unlikley to account for the large differ-
ence in the prevalence rates. The phonebook of
Chunghwa Telecom does not include mobile phones,
and therefore our survey might over-estimate the
prevalence rate because sufferers of IEI-EMF are less
likely to use mobile phones and thus more likely to
subscribe landline phones due to the fear of EMF.
Since the 2007 survey also used the phonebook and
we observed a decrease instead of an increase, our
conclusion of a decreasing trend should still hold
even if the sample was biased.

Media reports affecting public awareness may partly
explain the trend. The media reports on IEI-EMF have
focused on precaution and could influence reader’s per-
ception, even in lack of scientific evidence [39-41].
When the media pays less attention to IEI-EMF, the
number people attributing their discomfort to EMF may
decrease. For example, a study in the Netherlands found

that the number of newspaper articles decreased from
87 in the first year (March 2008 to March 2009) to 68 in
the second year (March 2009 to March 2010), and a de-
cline in the prevalence of IEI-EMF from 7.0% in 2009
[29] to 3.5% in 2011 [31] was observed (Fig. 2). An alter-
native explanation for the declining trend is the effects
of efforts in managing the public fear of EMF. Beginning
with the early reports of IEI-EMF symptoms observed in
the 1930s, public health workers have made efforts to
verify the causality of EMF exposure to IEI-EMF and to
alleviate the tense conflict among the government,
general public, scientific community, and industries by
setting EMF exposure guidelines and monitoring envion-
mental EMF [42]. The WHO has compiled many fact
sheets, and therefore public knowledge of environmental
EMEF exposure might have been altered by various efforts
in the world.

The declining IEI-EMF prevalence trend might also be
attributed to the public’s concern having been turned to
other environmental issues such as particulates in the air.
Furthermore, it is also possible that humans may develop
tolerance of EMF after a period of exposure. A double



Huang et al. Environmental Health (2018) 17:5

Table 4 The literatures in the meta-analysis
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[EI-EMF definition Case/population

Reference Survey year Method Country/region
Schrottner et al, 2008 [19] 1994 NA Austria
NA Telephone
survey
Hillert et al,, 2002 [15] 1997 Mailed Sweden/
questionnaire  Stockholm
Levallois et al, 2002 [12] 1998 Telephone USA/California
survey
Schroeder et al, 2002 [32] 2001 Telephone Germany
survey
Korpinen et al, 2009 [30] 2002 Telephone Finland
survey
Blettner et al., 2009 [25] 2004 Mailed Germany
questionnaire
Schreier et al., 2006 [13] 2004 Telephone Switzerland
survey
Institut fur angewandte 2003 Telephone Germany
Sozialwissenschaft GmbH 2004 survey
(INFAS), 2006 [23]
2005
2006
Lauff & Wachenfeld, 2014 2009
[22] 2013
Tseng et al, 2011 [14] 2007 Telephone Taiwan
survey
Roosli et al, 2010 [28] 2008 Web-based Switzerland
2009 questionnaire
van Dongen et al, 2014 2009-2010 Web-based Netherlands/
[29] questionn Amsterdam
Nordin et al, 2013 [27] 2010 Mailed Sweden/
questionnaire  Vasterbotten
Baliatsas et al., 2014 [31] 2011 Mailed Netherlands
questionnaire
Eltiti et al,, 2007 [26] NA Mailed United
questionnaire  Kingdom
Current 2012-2013 Telephone Taiwan
survey

NA 4/200

Persons were classified as EHS if they reported 16/526

adverse health effects from EMF sources.

The respondents were asked to check all factors for 167/10605

which they were hypersensitive or allergic such as

electric or magnetic fields.

"Allergic or very sensitive to getting near electrical 68/2072

appliances, computers or power lines.”

Questionnaire: “Are you worried about the 120/2000

electromagnetic fields emanating from mobile phone

systems, cell phones or cordless phones, or are you

even affected by these fields in your health?”

Self- reported physical symptoms associated with using  44/6111

mobile phones and other electrical devices.

Whether the participants believe that their health is 3095/30047

adversely affected by mobile phone base stations.

Persons were classified as EHS individuals if they reported  107/2048

adverse health effects from an EMF source at the time of

the interview or anytime in the past.

Questionnaire: “Degree of anxiety and impairment due ~ 200/2500

to electromagnetic fields of mobile radio, referring to 225/2500

different sources of electromagnetic fields, types of

impairment.” 250/2502
225 /2500
250/2500
181/2500

“While being near EMF sources such as mobile phone, ~ 170/1278

electrical devices, or computer, will you feel allergic

or sensitive?”

“Are you electrohypersensitive?” 96/1122
86/1122

“Do you believe you are sensitive to electromagnetic 72/1009

fields?”

The responders self-reported of having been diagnosed  15/3406

as IEI-EMF by a physician.

‘| am sensitive to mobile phone base stations and devices 202/5789

related to communication systems”; “I am sensitive to

electrical devices."

“Are you sensitive to EMFs?” 145/3625

“While being near EMF sources such as mobile phone, ~ 155/3303

electrical devices, or computer, will you feel allergic
or sensitive?”

NA: not available

blind crossover study that investigated the potential effects
of mobile phone-like RF-EMF on pain threshold percep-
tion in response to thermal stumli observed a reduced
desensitization effect between repeated stimulations [43].
Our study showed that women had a higher preva-
lence of IEI-EMF and constituted 63.6% of the
sufferers, and this is consistent with findings in pre-
vious studies. For example, Schreier et al. [13] con-
ducted a questionnaire survey in Switzerland and

found the proportion to be 54.5%, and Roosli et al.
[28] conducted another survey in Switzerland and
found the proportion to be 72.3%. In addition,
women were found to have a lower perception
threshold than men in detecting a 50-Hz electric
current [44]. Our meta-analysis also showed that
women are more likely to report IEI-EMF than men.
Some reserachers believe that women are emotion-
ally more sensitive than men and thus are likely to
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Study Case Population Prevalence (95%Cl)
Schroéttner et al, 1994 [19] 4 200 —— 0.02 [0.01; 0.05]
Hillert et al, 1997 [15] 167 10605 0.02 [0.01; 0.02]
Levallois et al, 1998 [12] 68 2072 - 0.03 [0.03; 0.04]
Schroeder et al, 2001 [32] 120 2000 - 0.06 [0.05; 0.07]
Korpinen et al, 2002 [30] 44 6111 0.01[0.01; 0.01]
Lauff & Wachenfeld, 2003 [22] 200 2500 - 0.08 [0.07; 0.09]
Schreier et al, 2004 [13] 107 2048 —— 0.05 [0.04; 0.06]
Lauff & Wachenfeld, 2004 [22] 225 2500 - 0.09 [0.08; 0.10]
Blettner et al, 2004 [23] 3095 30047 0.10[0.10; 0.11]
INFAS, 2005 [23] 250 2500 = 0.10[0.09; 0.11]
Lauff & Wachenfeld, 2006 [22] 225 2500 - 0.09 [0.08; 0.10]
Elitti et al, 2006 [26] 145 3625 - 0.04 [0.03; 0.05]
Tseng et al, 2007 [14] 170 1278 — 0.13[0.11; 0.15]
Schréttner et al, 2008 [19] 16 526 - 0.03 [0.02; 0.05]
Ro6sli et al, 2008 [28] 89 1122 — 0.08 [0.06; 0.10]
Lauff & Wachenfeld, 2009 [22] 250 2500 . 0.10[0.09; 0.11]
Ro6sli et al, 2009 [28] 96 1122 — 0.09 [0.07; 0.10]
van Dongen et al, 2009 [29] 72 1009 —— 0.07 [0.06; 0.09]
Nordin et al, 2010 [27] 15 406 — 0.04 [0.02; 0.06]
Baliatsas et al, 2011 [31] 202 5789 0.03 [0.03; 0.04]
Current, 2012 155 3303 - 0.05 [0.04; 0.05]
Lauff & Wachenfeld, 2013 [22] 181 2500 —— 0.07 [0.06; 0.08]
Random effects model 86263 - 0.06 [0.05; 0.08]
Heterogeneity: |12 = 99%, t° = 0.0011, p < 0.01 f f f I
0 0.05 0.1 0.15

Fig. 3 Forest plot of prevalence rates of idiopathic environmental intolerance attributed to electromagnetic fields around the world. 17 = 99.4%,
p <0.01 for heterogeneous test. The years are the years of investigation

misattribute their idiopathic symptoms to the expos-
ure of EMF [29, 45]. Women supposedly stay in-
doors for longer than men because of the nature of
their work. Stratifed analysis of job contents between
men and women could probably test the hypothesis
of static daily activity being correlated with IEI-EMF
for further study. An alternative explanation of this
finding might be the masculine gender role discour-
ages the expression of pain.

Conclusions

We found that the prevalence of IEI-EMF has de-
clined remarkably in Taiwan and that the prevalence
also seems to be declining globally. Women are more
likely to report having IEI-EMF than men. Further
studies of the reasons why the prevalence declines
may help the public, scientific community, and gov-
ernment deal with idiopathic intorance to other envir-
onmental exposures.

p <0.01 for heterogeneous test. The years are the years of investigation

Women Men

Study Case Population Case Population Odds Ratio Odds Ratio (95%Cl)
Hillert et al, 1997 [15] 105 5860 52 4745 —a— 1.65[1.18; 2.30]
Levallois et al, 1998 [12] 40 1159 28 913 1.13[0.69; 1.85]
Korpinen et al, 2002 [30] 54 3486 23 2625 —— 1.78 [1.09; 2.91]
Schreier et al, 2004 [13] 58 1061 49 987 1.11[0.75; 1.64]
Blettner et al, 2004 [23] 1549 15648 1541 14399 0.92[0.85; 0.99]
INFAS, 2005 [23] 118 1180 132 1322 —a 1.00 [0.77; 1.30]
Tseng et al, 2007 [14] 91 619 79 578 —|-°—— 1.09 [0.79; 1.51]
Schréttner et al, 2008 [19] 8 267 8 259 0.97 [0.36; 2.62]
RoO6sli et al, 2008[28] 94 678 36 444 — 1.82[1.22; 2.73]
van Dongen et al, 2009 [29] 29 444 43 565 0.85[0.52; 1.38]
Baliatsaa et al, 2011 [31] 124 3366 78 2423 —1T 1.15[0.86; 1.53]
Current, 2012 97 1929 58 1374 —=— 1.20 [0.86; 1.68]
Lauff & Wachenfeld, 2013 [22] 93 1033 88 1467 — 1.55[1.15; 2.10]
Random effects model 36730 32101 = 1.20 [1.03; 1.41]
Heterogeneity: 12 = 69%, 1% = 0.0467, p <0.01 f f f I

0.3 0.5 1 2 3

Fig. 4 Forest plot of prevalence rates of idiopathic environmental intolerance attributed to electromagnetic fields in men and women. I* = 69.0%,
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EMF: Idiopathic environmental intolerance attributed to electromagnetic
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