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Abstract
Background In Japan, there are currently no definitive conclusions regarding the characteristics of multiple chemical 
sensitivity (MCS) and electromagnetic hypersensitivity (EHS). This study aimed to determine the prevalence and 
correlation of MCS and EHS with age, sex, and depression in the Japanese population.

Methods An anonymous self-report questionnaire was distributed to 2,007 participants. Variables such as MCS, EHS, 
depression score, and demographic characteristics were individually evaluated using the U-test, chi-squared test, and 
correlation analyses. Moreover, we performed a covariance structure analysis to build a structural equation model.

Results Older individuals and women were more likely to exhibit MCS and EHS symptoms. Moreover, depression was 
correlated with MCS and EHS.

Conclusions Although MCS and EHS are strongly correlated, they exhibit distinct characteristics and symptoms, 
indicating that they can be regarded as separate conditions.

Keywords Multiple chemical sensitivity, Electromagnetic hypersensitivity, Depression, Sex-based differences, 
Japanese population

Prevalence and correlation of multiple 
chemical sensitivity and electromagnetic 
hypersensitivity with age, sex, and depression 
in the Japanese population: a retrospective 
study
Xi Lu1*, Sachiko Hojo2,3, Atsushi Mizukoshi4 and Takahiko Katoh1

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16152-2&domain=pdf&date_stamp=2023-6-21


Page 2 of 9Lu et al. BMC Public Health         (2023) 23:1205 

Background
Multiple chemical sensitivity (MCS) is characterized by 
various undefined symptoms in numerous organs, which 
occur after exposure to extremely small levels of a chemi-
cal substance that cannot affect a normal individual [1, 2]. 
However, several characteristics of MCS remain unclear, 
including the mechanism underlying its onset, risk fac-
tors for onset and aggravation, its relationship with aller-
gic diseases, and psychosomatic and mental disorders. 
During the last decade, the prevalence of self-reported 
MCS has been reported to be 3–26%, and it is higher in 
women than in men [3–8]. Additionally, there are age-
related differences in the prevalence of MCS, with adults 
showing a higher prevalence than older adults and youth 
[9].

Electromagnetic hypersensitivity (EHS) is character-
ized by various non-specific symptoms, which differ 
across individuals. Its symptoms are similar to those of 
MCS, including headache, fatigue, stress, sleep distur-
bance, “brain fog,“ short-term memory disturbances, irri-
tability, emotional lability, muscle aches, reduced libido, 
decreased appetite, skin reactions, and anxiety [10–14]. 
Although the World Health Organization does not con-
sider EHS as a medical diagnosis and its symptoms do 
not belong to any known syndrome [15], there have been 
extensive reports of the symptoms and onset of EHS. 
Population-based surveys have estimated the prevalence 
of EHS to be 2.7% in Sweden, 7.2% in Finland [16], 3.2% 
in California [17], 3.5% in Austria [18], 4% in the UK [11], 
and 13.3% in Taiwan [19]. Further, 3.0–4.6% of Japanese 
individuals in the general population may have EHS [13].

EHS and MCS are characterized by non-specific symp-
toms without a determined toxicological and physiologi-
cal basis or independent verification [15]. Further, their 
symptoms largely overlap with those of other functional 
syndromes. Rea et al. [20] reported that > 80% of patients 
with EHS present with MCS, which is consistent with 
the report by Hojo et al. [13]. Belpomme and Irigaray 
reported that 30% of the patients with MCS have EHS. 
In addition, EHS and MCS are biologically character-
ized by low-grade inflammation and an autoimmune 
response involving autoantibodies against O-myelin [21]. 
However, elucidation of the causal relationship between 
chemical substance or EMF exposure and the symptoms 
has remained challenging; a valid objective test method 
does not yet exist, and no universal diagnostic criteria 
have been established.

Moreover, it is important to consider their psycho-
logical symptoms. A study on over 2000 patients with 
self-reported EHS or MCS reported that the symptoms 
were associated with chronic insomnia, fatigue, depres-
sive tendency, emotional lability, and occasional irrita-
bility [21]. In the 1970 and 1980 s, the U.S. government 
reported that occupational exposure to electromagnetic 

fields (EMF) led to headaches, sleep disturbances, mood 
disorders, depression, and memory impairment [22].

Due to insufficient evidence, especially from Japan, 
there are currently no definitive conclusions regarding 
the characteristics of MCS and EHS. This study aimed 
to determine the prevalence and correlation of MCS 
and EHS with age, sex, and depression in the Japanese 
population.

Methods
Participants
This cross-sectional study was conducted from 2012 to 
2015. We included participants aged 18–86 years who 
resided in 35 prefectures in Japan. Survey requests were 
made through the communication networks of various 
organizations to which the co-researchers belonged (aca-
demic societies, study groups, universities, vocational 
schools, architect associations, regional neighborhood 
associations, and environmental non-profit organiza-
tions). We sent a questionnaire and replied to those who 
agreed to cooperate, asking them to anonymously com-
plete the questionnaire and mail it to the data administra-
tor. We excluded data from patients diagnosed with EHS 
and MCS by doctors. Valid data described age and sex 
and showed most Quick Environmental Exposure and 
Sensitivity Inventory (QEESI) items as completed. The 
questionnaire was distributed to 2,007 participants; 1,327 
returned the questionnaire (response rate, 66.1%). Finally, 
1,095 questionnaires contained valid data for analysis.

Measurements
MCS
We used the Japanese version of the Quick Environmen-
tal Exposure and Sensitivity Inventory (QEESI©), which 
was developed by Miller and Prihoda [23, 24] and trans-
lated by Ishikawa and Miyata [25], to assess for MCS. The 
reliability and validity of the Japanese version of QEESI 
were confirmed by Hojo et al. [26].

The QEESI contains five subscales, each comprising 10 
items and 50 subitems. The subscales of the Q4 Masking 
Index assess whether there is ongoing chemical expo-
sure, with each item being rated by selecting “yes (1)” 
or “no (0).“ The total score for the Q4 Masking Index 
ranges from 0 to 10. The other four subscales include Q1 
Chemical Intolerance, Q2 Other Intolerance, Q3 Symp-
tom Severity, and Q5 Life Impact, with each item scored 
from 0 to 10, and the total score ranging from 0 to 100. 
Hojo et al. [6] provided cut-off values for MCS in the 
Japanese population (Q1 Chemical Intolerance score ≥ 30, 
Q3 Symptom Severity score ≥ 13, and Q5 Life Impact 
score ≥ 17). Accordingly, we used these cut-off values to 
identify the chemically sensitive population. Moreover, 
instead of using the aforementioned cut-off values in 
our structural regression (SR) model, we evaluated MCS 
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using continuous variables of three metrics (chemical 
intolerance, symptom severity, and life impact).

Electromagnetic intolerance
Hojo et al. [13] developed a Japanese translation of the 
questionnaire originally published by Eltiti et al. [11], 
modified it to fit the Japanese lifestyle, and confirmed its 
reliability and validity. The EHS questionnaire comprises 
the following sections: Demographics, II-1 Symptoms 
(57 items, q1–q57), and II-2 EMF-producing objects 
(nine items, q58–q66) considered to cause the symp-
toms. Next, the participants were asked to rate each item 
from 0 (not at all) to 4 (quite frequent) for q1–q66, II-3 
Reaction to EMFs (q67–q71), and III General health (d1 
Well-being, d2 Good health, d3.1 Sleep [fatigue recov-
ery by sleep], d3.2 Sleeping hours per day, and d3.3 Sleep 
disorder). Subsequently, the participants were asked to 
rate “yes (1)” or “no (0)” for q69. q68 provides a detailed 
description of EMF sources and symptoms. For III Gen-
eral health, participants were asked to rate each item for 
d1, d2, and d3.1 from 0 (not at all) to 4 (quite good) and 
each item for d3.3 from 0 (not at all) to 4 (quite frequent).

The screening criteria for EHS established by Hojo et 
al. [13] are II-1 Symptoms total score ≥ 47 points, q67 
Sensitive to EMFs ≥ 1 point, and entries of two or more 
q68 items. We used II-1 Symptoms (57 items, q1–q57) 
and II-2 EMF-producing objects (9 items, q58–q66) 
to assess EMF symptoms and EMF-producing objects. 
Furthermore, we used q67 Sensitive to EMFs and q68 
Detailed Description to evaluate the reactions to EMFs. 
q67 was used to assess the degree of electromagnetic 
intolerance from 0 (not at all) to 4 (quite frequent), while 
q68 Detailed Description was used to describe the EMF 
sources and symptoms. As in the definition MCS, in our 
SR model, instead of using the cut-off values mentioned 
above, we evaluated EHS using continuous variables of 
four metrics (symptoms, producing objects, q67 Sensi-
tive to EMFs, and q68 Detailed Description).

Depression
The total health index-depression (IV, 10 items, d5.1–d5.10, 
added only in the Japanese version of the EHS question-
naire) scale is frequently used in investigations related to 
industrial hygiene in Japan [27, 28], with the cut-off value for 
the depressive state being ≥ 22 points [27]. Participants were 
asked to select the degree of fatigue for each item as follows: 
“no (1),“ “neither (2),” and “yes (3).” We used this scale to 
assess participants’ levels of depression.

Sociodemographic data
Finally, we collected the demographic characteristics 
of the participants, including age, sex, education, and 
employment status.

Statistical analyses
The parametric and non-parametric data were compared 
using Student’s t-test and the Mann–Whitney U test, 
respectively. Further, we performed correlation analyses 
using variables such as age, sex, depression score, MCS 
subscale scores (Q1 Chemical Intolerance, Q2 Other 
Intolerance, Q3 Symptom Severity, Q4 Masking Index, 
Q5 Life Impact), and EHS subscale scores (total EHS 
symptom score and total EMF-producing objects, q67 
Sensitive to EMFs, and q68 Detailed Description).

Finally, we performed a covariance structure analysis 
to build an SR model, which is a path model with latent 
variables, thus combining principles of path and mea-
surement models. This is the most general kind of core 
model that is widely applied in structural equation mod-
eling (SEM), a collection of procedures that test hypoth-
esized relationships among observed variables [29]. We 
posited two latent variables (MCS and EHS) and set the 
following paths: (1) the MCS, EHS, and depression score 
would be predicted by age and sex; (2) the MCS, EHS, 
and depression score would be related to each other; (3) 
MCS would predict Q1 Chemical Intolerance, Q2 Other 
Intolerance Q3 Symptom Severity, Q4 Masking Index, 
and Q5 Life Impact; and (4) EHS would predict the total 
EHS symptom score and total EMF-producing objects, 
q67 Sensitive to EMFs, and q68 Detailed Description. The 
model’s fit to the data was examined using a chi-squared 
test (chi-square mean/degree of freedom [CMIN/DF]). 
Several studies have described using the comparative fit 
index (CFI), a revised form of the normed fit index, to 
compare the fit of a target model to that of an indepen-
dent or null model. Root mean square error of approxi-
mation (RMSEA) can be used to evaluate the fit of data to 
the model. Additionally, the Akaike information criterion 
(AIC) is an estimator of out-of-sample prediction error, 
indicating the relative quality of statistical models for a 
given data set. Based on conventional criteria, CMIN/
DF < 3, CFI > 0.95, RMSEA < 0.08, and a relatively small 
AIC indicate an acceptable fit; moreover, a good fit is 
indicated by CMIN/DF < 2, CFI > 0.97, and RMSEA < 0.05 
[30]. Statistical analyses were performed using IBM SPSS 
Statistics version 24.0 and AMOS version 24.0 for Micro-
soft Windows (IBM, Armonk, NY). All statistical tests 
were based on two-tailed probability. Statistical signifi-
cance was set at p < 0.05.

Ethics approval
This study was approved by the Research Ethics Com-
mittees of the Environmental Medical Center, Morioka 
National Hospital (No. 24 − 01), Sagamihara National 
Hospital (25-N0.6), Shokei Gakuin University (No. 2020-
2), and the Kindai University Faculty of Medicine (No. 
R02-185). All participants provided informed consent, 
and the research information was sent to everyone in an 
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anonymized written form. Returning the questionnaire 
indicated consent to participate in the survey. The con-
tact information of the research representative was also 
provided on the questionnaire. All study procedures were 
performed in accordance with the Declaration of Hel-
sinki and its amendments.

Results
A total of 1327 (66.1%) valid questionnaires were 
returned. After excluding invalid responses, we included 
data from 1095 (64.3%) questionnaires in the final sta-
tistical analysis. The valid respondents included 323 
men (29.5%) and 772 women (70.5%) (mean age [stan-
dard deviation]: 39.89 [17.82] years). Compared with 
men, women were older and had lower education levels 
(p < 0.001). Moreover, women showed a non-significantly 
higher prevalence of self-reported MCS and EHS. Table 1 
presents the characteristics of the respondents.

Table  2 shows the sex-based differences in the partici-
pants’ characteristics and the distribution of the QEESI, 
EHS, and depression scores. Compared with men, women 
showed significantly higher scores in all QEESI subscales. 
Regarding EHS, women showed significantly higher total 
EHS symptom scores and total EMF-producing objects than 
men. Similarly, women showed significantly higher scores 

for q67 Sensitive to EMFs and q68 Detailed Description 
than men. However, there were no sex-based differences in 
the depression scores. The prevalence rates of self-reported 
MCS and EHS were 5.9% and 5.3% in all participants, 4.0% 
and 3.4% in men, and 6.7% and 6.1% in women. However, 
there were no significant sex-based differences in the preva-
lence of MCS (p = 0.08) and EHS (p = 0.07). The prevalence 
rates of self-reported MCS and EHS were 1.5% in all partici-
pants, 0% in men, and 2.1% in women. The sex-based differ-
ence was p < 0.01.

Before establishing an SR model, we estimated the cor-
relations among the QEESI subscale scores, total EHS 
symptom score, total EMF-producing objects score, q67 
Sensitive to EMF, q68 Detailed Description, and depres-
sion score. Older age was associated with higher scores 
for QEESI Q1 Chemical Intolerance, QEESI Q3 Symp-
tom Severity, QEESI Q4 Masking Index, q67 Sensitive 
to EMFs, and q68 Detailed Description. Contrastingly, 

Table 1 Baseline characteristics of participants
Variables Total

n = 1095 
(100%)

Male
n = 323 
(29.5%)

Female
n = 772 
(70.5%)

P

Agea(years)
All
< 39
40–59
60–86

1095 
(39.89 ± 17.82)
559 
(24.7 ± 6.49)
347 
(49.2 ± 5.66)
189 
(67.7 ± 6.13)

323 
(38.59 ± 19.39)
184 
(23.54 ± 5.68)
77 
(49.84 ± 5.77)
62 
(69.24 ± 7.03)

772 
(40.73 ± 17.11)
375 
(25.24 ± 6.79)
270 
(49.05 ± 5.63)
127 
(66.97 ± 5.51)

< 0.001
< 0.001

Educationb

Secondary 
school
High school
Junior college 
/Technical 
school
University
Missing

8 (0.7%)
522 (47.7%)
447 (40.8%)
60 (5.5%)
58 (5.3)

0 (0%)
164 (54.8%)
108 (36.1%)
27 (9.0%)
24 (7.4%)

8 (1.1%)
358 (48.5%)
339 (45.9%)
33(4.5%)
34 (4.4%)

0.001

Employmentb

Unemployed
Student
Homeworker
Part-time 
worker
Full-time 
worker
Missing

75 (6.8%)
363 (33.2%))
109 (10.0%)
80 (7.3%)
453 (41.4%)
15 (1.4%)

33 (10.4%)
145 (44.9%)
3 (0.9%)
2 (0.6)
134 (41.5%)
6 (1.9%)

42 (5.4%)
218 (28.2%)
106 (13.7%)
78 (10.1%)
319 (41.3%)
9 (1.2%)

< 0.001

a: N (Mean ± SD); b: N (%)

Table 2 Sex-based differences in participant characteristics and 
distribution of EHS, MCS, and depression
Variables Total

n = 1095 
(100%)

Male
n = 323 
(29.5%)

Female
n = 772 
(70.5%)

P

MCSa

Q1 Chemical 
intolerance
Q2 Other 
intolerance
Q3 Symptom 
severity
Q4 Masking index
Q5 Life impact

23.88 (21.69)
9.58 (9.79)
14.08(13.39)
3.97 (1.65)
6.45 (11.79)

18.86 
(18.78)
7.39 (8.52)
12.06 
(11.81)
3.61 (1.63)
5.63 
(12.24)

25.98 (22.48)
10.50 (10.14)
14.93 (13.92)
4.13 (1.63)
6.79 (11.58)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

EHSb

Total EHS symptom 
score
Total EMF-produc-
ing objects score
q67 Sensitive to 
EMFs
q68 Detailed 
description

33.64 (25.53)
3.24 (5.15)
0.28 (0.67)
0.12 (0.33)

29.34 
(22.92)
2.77 (4.99)
0.20 (0.59)
0.07 (0.26)

35.44 (26.35)
3.44 (5.18)
0.32 (0.70)
0.14 (0.35)

0.02
0.01
< 0.001
0.01

Depression 15.81 (5.04) 15.78 
(5.21)

15.85 (4.97) 0.95

MCS Casec

-
+

1030 (94.1%)
65 (5.9%)

310 
(96.0%)
13 (4.0%)

720 (93.3%)
52 (6.7%)

0.08

EHS Casec

-
+

1037 (94.7%)
58 (5.3%)

312 
(96.6%)
11 (3.4%)

725 (93.9%)
47 (6.1%)

0.07

MCS + EHS Casec

-
+

1079 (98.5%)
16 (1.5%)

323 
(100.0%)
0 (0.0%)

756 (97.9%)
16 (2.1%)

< 0.01

a: N (Mean ± SD); b. Mean (SD); c: N (%)

MCS, multiple chemical sensitivity; EHS, electromagnetic hypersensitivity; EMF, 
electromagnetic field
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younger age was associated with higher QEESI Q5 Life 
Impact and depression scores. Compared with men, 
women scored higher for QEESI Q1 Chemical Intoler-
ance, QEESI Q2 Other Intolerance, QEESI Q3 Symp-
tom Severity, QEESI Q4 Masking Index, q67 Sensitive to 
EMFs, and q68 Detailed Descriptions. All QEESI subscale 
scores were significantly correlated with the total EHS 
symptom score and total EMF-producing object score. 
Moreover, the q67 Sensitive to EMFs and q68 Detailed 
Description scores were significantly correlated with the 
scores for most QEESI subscales, except for the QEESI 
Q4 Masking Index. Depression scores were significantly 
correlated with the scores for QEESI Q1 Chemical Intol-
erance, QEESI Q2 Other Intolerance, QEESI Q3 Symp-
tom Severity, QEESI Q5 Life Impact, total EHS symptom 
score, total EMF-producing objects score, q67 Sensitive 
to EMF, and q68 Detailed Descriptions (Table 3).

We built an SR model to examine the relationship 
of MCS with personality and temperament. In the SR 
model, we set paths between MCS and EHS, depression 
and MCS, and depression and EHS. Furthermore, to 
test for sex- and age-based differences, we included fac-
tors related to sex and age (Fig.  1). The model showed 
a good fit with the data: CMIN/DF = 5.98, CFI = 0.95, 
RMSEA = 0.06 (90% confidence interval: 0.07–0.23). Fig-
ure  1 shows the standardized regression coefficients of 
the variables obtained using the final SR model. The red 
and blue lines show positive and negative correlation and 
prediction paths, respectively. In contrast, the paths with-
out statistical significance (p > 0.05) are shown in black 
letters and thin lines. Older age predicted high MCS, 
high EHS, and low depression scores (β = 0.08, 0.07, and 
0.12, respectively). Further, the female sex predicted high 
MCS (β = 0.13) and EHS (β = 0.12); however, it was not a 
significant predictor of depression (β = 0.02). Addition-
ally, MCS was significantly correlated with depression 
(β = 0.45) and EHS (β = 0.91), while EHS was significantly 
correlated with depression (β = 0.50).

Regarding the MCS subscales, QEESI Q2 Other Intol-
erance was positively correlated with QEESI Q1 Chemi-
cal Intolerance (β = 0.39) and QEESI Q5 Life Impact 
(β = 0.11). In contrast, QEESI Q4 Masking Index was neg-
atively correlated with QEESI Q5 Life Impact (β = -0.11). 
Regarding the EHS subscales, total EMF-producing 
objects were positively correlated with q67 Sensitive to 
EMF (β = 0. 36) and q68 Detailed Description (β = 0.17), 
while q67 Sensitive to EMF was positively correlated with 
q68 Detailed Description (β = 0.49). Finally, QEESI Q1 
Chemical Intolerance demographics were negatively cor-
related with the total EHS symptoms (β = -0.19).
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Discussion
This study comprehensively explored the relationships 
among MCS, EHS, and depression in the Japanese popu-
lation using an SR model and considered the influence of 
sex and age. The prevalence rates of self-reported MCS 

and EHS were 5.9% and 5.3%, respectively, consistent 
with previous Japanese reports [6].

Numerous studies have reported a higher prevalence 
rate of MCS and chemical intolerance in women than 
in men [3, 5–8, 31–33], consistent with our findings. 

Fig. 1 Structural regression model of MCS, EHS, and depression with age and sex
 MCS, multiple chemical sensitivity; EHS, electromagnetic hypersensitivity; EMF, electromagnetic field; RMSEA, root mean square error of approximation; 
CMIN, chi-square mean; df, degree of freedom; CFI, comparative fit index
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Similarly, several studies have reported a higher preva-
lence of EHS in women than men [16]. However, the 
lack of sufficiently comprehensive data, especially from 
the Japanese population, impedes the establishment of 
clear conclusions. Although we observed no significant 
sex-based differences in the prevalence of MCS and EHS 
(p = 0.08; 0.07, respectively), this could be attributed to 
our small sample size. In our SR model, sex was a pre-
dictive factor for MCS and EHS scores. There remains 
no clear explanation for female predominance. However, 
several previous studies have offered some explanations, 
including a tendency for women to experience more 
health concerns [34] and to be more likely to identify 
odors than men [35]. According to the 2019 Comprehen-
sive Survey of Living Conditions in Japan, more women 
than men reported subjective symptoms (especially those 
aged 20–60 years) [36]. This might be a social explana-
tion for the sex-based differences in the distribution of 
reported symptoms.

Our results also suggested that age could predict MCS 
and EHS. Age could be positively correlated with expo-
sure to chemicals and electromagnetic radiation, consis-
tent with recent Swedish and Finnish population-based 
cohorts that observed a correlation between chemical 
intolerance with older age [16, 37].

In our SR model, depression was significantly corre-
lated with MCS and EHS. This is consistent with previous 
reports of a relationship between MCS and mental illness 
[38]. This could be attributed to the fact that MCS pre-
cedes the onset of mental illness [38, 39], indicating that 
individuals with baseline chemical intolerance showed 
onset and exacerbation of anxiety within a 5-year period. 
Another explanation is that MCS is caused by mental 
illness and that its symptoms represent the somatiza-
tion of other psychopathologies [40, 41]. MCS is not the 
only medically unexplainable condition characterized 
by psychological components. Individuals with chronic 
fatigue syndrome, heart palpitations, and fibromyalgia 
frequently exhibit symptoms of anxiety and mood disor-
ders [42–44]. Since this was a cross-sectional study, we 
could not determine the directionality of the relationship 
between MCS and mental illness.

MCS showed a significant correlation with EHS. A pre-
vious study reported that EHS is correlated with MCS in 
30% of the cases and that MCS precedes EHS onset in 
37% of these EHS/MCS-related cases. EHS and MCS can 
be characterized clinically by a similar symptomatic pic-
ture and biologically by low-grade inflammation and an 
autoimmune response involving autoantibodies against 
O-myelin [21]. Since this was a cross-sectional study, we 
could not determine the directionality of the relationship 
between MCS and EHS.

QEESI Q2 Other Intolerances showed positive correla-
tions with QEESI Q1 Chemical Intolerances and QEESI 

Q5 Life Impact, consistent with previous reports [31, 
33, 45]. Moreover, total EMF-producing objects showed 
positive correlations with q67 Sensitivity to EMF and 
q68 Detailed Description. Taken together, the extent of 
exposure was positively correlated with the incidence of 
symptoms, consistent with previous reports [10, 12–14].

We observed a negative correlation of QEESI Q4 Mask-
ing with QEESI Q5 Life Impact (β = -0.11). Miller and 
Prihoda [23, 24], who developed the QEESI, reported 
that Q1 Chemical Intolerances might be temporarily 
masked if individuals are constantly exposed to trace 
chemical substances from smoking and perfume use. 
In our study, although Q1 Chemical Intolerance did not 
show a direct negative relationship with Q4 Masking 
Index, given its positive correlation with Q5 Life Impact, 
we believe that after adjusting for age and sex, the rela-
tionship between Q5 Life Impact and Q4 Masking Index 
may have reflected the aforementioned masking effect.

Our SR model showed a negative Q1 Chemical Intoler-
ance (MCS) correlation with total EHS symptoms. This 
indicates that the severity of chemical intolerance is neg-
atively correlated with the symptomatic response to EHS 
and may suggest that chemical exposure does not worsen 
the symptoms of electromagnetic. However, we observed 
no significant correlation between QEESI Q2 Other 
Intolerance and total EHS symptoms. MCS is character-
ized by various undefined symptoms in numerous organs, 
which occur after exposure to extremely small levels of a 
chemical substance that cannot affect a normal individ-
ual [1, 2]. Conversely, Mizukoshi et al. reported that EMF 
intolerances were significantly higher in the EHS group 
than in the MCS group, suggesting that EMF intolerances 
are subjective symptoms specific to individuals with EHS 
[46]. If MCS and EHS are of the same disease, we would 
expect QEESI Q1 and Total EHS Symptoms to be posi-
tively correlated; however, our results revealed a nega-
tive correlation between Q1 and Total EHS Symptoms. 
Our findings indicate that although MCS and EHS are 
strongly correlated, they exhibit different characteristics 
and symptoms. Thus, it is plausible to consider them as 
separate conditions, consistent with recent reports [21, 
46]. However, we acknowledge the need for further inves-
tigation in future studies to validate these findings.

Limitations
This study has some limitations. First, although we used 
the SR model to evaluate the overall relationship, this 
was a cross-sectional study. A prospective cohort study 
is warranted to elucidate the causal relationships. Sec-
ond, all data were collected through self-report ques-
tionnaires, and recall bias or nocebo effects may exist; 
accordingly, given the lack of more objective assess-
ments, the results may have been overestimated. Third, 
this study had a small sample size, which limited the 
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statistical power of some of the findings. Future large-
scale studies are warranted to confirm our findings. 
Fourth, the sample was not a randomly selected represen-
tation of the general population. However, as described 
above, the results of classifying 7,245 randomly sampled 
individuals from a general population into four categories 
in the study conducted by Azuma et al. published in 2014 
[47] were almost in agreement with the classification 
results of the controls in this study, suggesting that the 
latter could be presumed to be representative of a general 
population. Fifth, our scale information does not include 
information on the electromagnetic wave exposure of the 
participants’ residential areas, and thus we could not dis-
cuss this part of the effect.

Conclusions
Our findings suggest that older individuals and women are 
more likely to exhibit MCS and EHS symptoms in the Japa-
nese population. Further, mental illness, such as depression, 
was correlated with MCS and EHS. Although MCS and 
EHS are strongly correlated, they present different charac-
teristics and symptoms. Our results indicate that MCS and 
EHS may be recognized as different diseases.
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