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Abstract

Objective This study was designed to determine the
correlation between mental health and multiple chemical
sensitivity (MCS).

Method The present study was conducted at two compa-
nies in 2011; both in Kyushu, Japan. The “subjective
symptoms” subscale of the “Self-diagnosis Checklist for
Assessment of Workers” Accumulated Fatigue” was used as
a mental health subscale. To determine if multiple chemical
exposure has an impact on mental health, we composed an
original path model using structural equation analysis.
Result  Our final path model can be regarded as good:
CMIN/DF = 1.832, CFI = 0.996, and RMSEA = 0.038,
AIC = 71.158. As expected, chemical sensitivity and other
chemical sensitivity scores predicted the health effects of
multiple chemical exposure (f = 0.19, 0.64). Mental
health was predicted by symptom severity and life impact
(fp = 0.56 and 0.12), which were both affected by multiple
chemical exposure (f = 0.38 and 0.89, respectively).
Conclusion As far as we are aware, this is the first study
using path analysis to explore whether MCS can indicate
mental health in worker populations worldwide, and we
found a significant causal relationship between them. This
could indicate that more focus should be placed on the
impact of MCS on mental health in future investigations.
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Introduction

Multiple chemical sensitivity (MCS) is an acquired chronic
dysfunction in which exposure to low levels of chemicals
induces mild to severely disabling symptoms [1]. Symp-
toms are usually vague and nonspecific. In general, the
reported symptoms are attributed to previous chemical
exposure and recur on subsequent exposure to similar, or
structurally unrelated, chemicals at levels normally con-
sidered to be nontoxic [2]. The clinical characteristics of
MCS patients are usually evaluated using the Environ-
mental Exposure and Sensitivity Inventory, or through
interviews that rely on retrospective self-reporting [3].
Miller and Prihoda [4] developed a globally standardized
self-administered questionnaire, the Quick Environmental
Exposure and Sensitivity Inventory (QEESI), which is
designed to assist researchers and doctors in screening,
research, and evaluating patients with MCS. QEESI is
composed of five items: chemical sensitivity, other chem-
ical sensitivity, symptom severity, life impact, and masking
index.

Patients who present with environment-related disorders
often experience medically unexplained symptoms, which
can be attributed to a variety of environmental causes [5]. It
has been suggested that even low levels of toxins can cause
neuronal alterations, such as limbic kindling, and comor-
bidity with mental illnesses is very high [6, 7]. According
to previous studies, MCS patients most frequently com-
plain of symptoms such as loss of energy, difficulty in
concentration, depressive feelings, memory disturbances,
and fatigue [8, 9]. In addition, individuals diagnosed with
MCS showed a significantly higher level of fatigue than
individuals who did not have MCS [10]. As patients
experience many psychological symptoms, some
researchers believe that MCS may be a syndrome
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associated with a pre-existing psychiatric disorder such as
anxiety [11]. In addition, although many physicians are
skeptical regarding its association with psychiatric disor-
ders, a report by the UK Health and Safety Executive is
less dismissive [2, 12]. Proponents of MCS syndrome
believe that the psychiatric disorder is caused by sensitivity
to multiple chemical exposure at concentrations that are
usually well tolerated and people diagnosed with MCS are
polysymptomatic [13]. Skeptics and proponents often
contribute to the controversy by claiming that chemical
sensitivity is completely psychogenic or completely toxi-
genic. However, cumulative studies indicate that a multi-
factorial psychobiological process underlies the condition
[14].

Although there is no consistent understanding of the
etiology of this condition, there is a need to describe the
psychiatric or psychological state of people with chemical
sensitivity [8]. The negative effects of chemical exposure
are a longstanding part of occupational health in industri-
alized societies [15]. In addition, such problems tend to
arise in industrial workers who are exposed to various
chemicals [16]. Psychological health of workers could be
assessed using the “subjective symptoms” subscale of the
Self-diagnosis Checklist for Assessment of Workers’
Accumulated Fatigue questionnaire [17]. Based on the
background research described above, we designed this
study using the path analysis statistical method to determine
if the mental health of workers could be assessed using the
QEESI criteria subscales (chemical sensitivity, other
chemical sensitivity, symptom severity, and life impact) or
other factors (masking index, age, and sex). We aimed to
verify if mental health could be inferred from QEESI which
is widely used as a screening instrument for MCS, and to
determine if mental health could be inferred from MCS.
Workers employed in two large companies were selected as
participants because workers who are exposed to various
chemicals allowed for easier follow-up than community
residents, and the response rate may be higher.

Materials and methods
Study characteristics

The present study was carried out at a paper pulp producing
company and at an automotive company in 2011; both
companies were located in Kyushu, Japan. After excluding
invalid questionnaires, we obtained 565 valid responses.
All study subjects completed the QEESI questionnaire,
which also covered age and sex. The characteristics of the
entire study population and the distribution of the QEESI
subscale and mental health subscale scores are presented in
Table 1.
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Table 1 Characteristics of the

Variables n (565) % (100)
entire study population and dis-
tribution of QEESI subscale and Age
mental health subscale scores <30 66 117
30-39 123 21.8
40-49 181 32.0
>50 195 34.5
Sex
Male 528 93.5
Female 37 6.5
QEESI score
Chemical sensitivity
0-19 389 68.8
20-39 119 21.1
>40 57 10.1
Other chemical sensitivity
0-11 435 77.0
12-24 99 17.5
>25 31 5.5
Symptom severity
0-19 337 59.7
20-39 164 29.0
>40 64 11.3
Life impact
0-9 471 83.4
10-23 77 13.6
>24 17 3.0
Masking index
0-3 79 14.0
4-5 226 40.0
>6 260 46.0
Mental health score
04 179 31.7
5-10 182 322
QEESI Quick Environmental 11-20 155 27.4
Exposure and Sensitivity ~21 49 8.7

Inventory

Study instruments

The Japanese version of the QEESI questionnaire prepared
by Ishikawa and Miyata [18] was used. The subscale for
each criterion of the QEESI questionnaire contains ten
questions rated on a scale from 0 to 10; the total possible
score for each subscale ranges from 0 to 100, with the
exception of masking index. As defined by Miller and
Prihoda, the criteria for chemical sensitivity and symptom
severity are low = 0-19, medium = 20-39, and
high = 40-100. The criteria for other chemical sensitivity
are low = 0-11, medium = 12-24, and high = 25-100.
Hojo et al. designed a study to establish a new cutoff
value for Japanese using the QEESI questionnaire for
screening MCS patients. The new cutoff values for
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Japanese subjects were determined to be >40 for the
“chemical sensitivity” subscale, >20 for the “symptom
severity” subscale, and >10 for the “life impact” subscale.
In addition, as the mental health subscale, we used the
“subjective symptoms” subscale of the “Self-diagnosis
Checklist for Assessment of Workers’ Accumulated Fati-
gue,” which contains 13 questions rated on a scale from 0
to 3. The “subjective symptoms” subscale was categorized
into four grades as follows: 0—4 points as grade I, 5-10
points as grade II, 11-20 points as grade III, and >21
points as grade IV by the Ministry of Health, Labour and
Welfare (http://www.mhlw.go.jp/topics/2004/06/d1/
tp0630-1a.pdf).

The chemical sensitivity scale of the survey asked the
subjects to list various odors or chemical exposures that
made them feel sick such as insecticide, paint or paint
thinner, gasoline vapors, fresh tar or asphalt, tobacco
smoke, and diesel or gas engine exhaust fumes. The other
chemical sensitivity scale contains ten questions concern-
ing exposures other than chemical inhalants that MCS
patients frequently describe as making them ill. Included
items related to various triggers (chlorinated tap water,
foods or food additives, food cravings or feeling ill if a
meal is missed, feeling ill after a meal, caffeine sensitivity,
caffeine withdrawal symptoms, feeling ill after a small
amount of an alcoholic beverage), various skin irritations,
medical drugs or devices, and allergens for which classical
allergic responses (asthma, nasal symptoms, hives, ana-
phylaxis, or eczema) have been noted [4]. For the symptom
severity scale subjects were asked about symptoms they
may have commonly experienced such as muscle or joint

f Chemical sensitivity

problems such as aches and pains, headaches or a feeling of
pressure or fullness in the face or head, and skin problems
such as a rashes, hives, or dry skin. The life impact scale of
the survey asked subjects if they were sensitive to certain
chemicals or foods, and if the sensitivities affected any
aspects of their life such as diet, the ability to attend work
or school, and choice of clothing. The masking index scale
was designed to assess the extent to which respondents
may have ongoing exposures. The ten questions on mask-
ing index (scored yes =1 or no = () asked subjects
whether they regularly used tobacco products, alcoholic
beverages, caffeine, certain drugs, or scented personal care
products; whether they are exposed to chemicals at work;
whether they live with a smoker; whether they use propane
or gas for cooking; whether pesticides have been applied at
their home or workplace in the past year; and whether they
used scented fabric softeners in laundering their clothes or
bedding [4].

The mental health scale (scored hardly ever = 0,
sometimes = 1, or often = 3) questions asked the workers
about subjective symptoms they had been aware of in the
past month, composed of irritable, anxiety, restless,
depression, cannot sleep, feeling ill, lack of concentration,
often make mistakes, feeling very sleepy during work,
unmotivated, exhaustion, feel tired when waking up in the
morning, and get tired more easily than previously.

Statistical analysis

Anonymous information was collected and used for data
analysis. A structural regression (SR) path was composed

Life impact

Fig. 1 An original structural regression (SR) path model to estimate correlations between all variables
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using structural equation analysis to examine if chemical
exposure had an impact on mental health (Fig. 1). Before
constructing the SR model, the means and SDs of the
variable scores were calculated and the correlations
between them were estimated (Table 3).

For the SR model, we created an original path model
according to our hypothesis. We set the covariance
between the variables of chemical sensitivity, other
chemical sensitivity, masking index, and demographics
(age and sex). We posited that (1) the health effects of
multiple chemical exposure, a latent variable, would be
predicted by chemical sensitivity and other chemical sen-
sitivity, and may be affected by masking index, sex and
age; (2) symptom severity and life impact would be pre-
dicted by the observed variables of chemical sensitivity and
other chemical sensitivity, and also by the latent variable of
health effects of multiple chemical exposure; and (3)
mental health would be predicted by symptom severity and
life impact which are both influenced by multiple chemical
exposure, and also may be affected by chemical sensitivity,
other chemical sensitivity, masking index, sex, and age
(Fig. 1).

The fit of the model with the data was examined by >
(CMIN), Comparative Fit Index (CFI), Root Mean Square
Error of Approximation (RMSEA), and Akaike’s Infor-
mation Criterion (AIC). According to conventional criteria,
a good fit is indicated by CMIN/DF < 2, CFI > 0.97, and
RMSEA < 0.05, and an acceptable fit by CMIN/DF < 3,
CFI > 0.95, RMSEA < 0.08, and a relatively small AIC.
All statistical analyses were conducted using SPSS version
21.0 and Amos 21.0.

Ethical statement

The ethics review board of Kumamoto University (no. 168;
May 11, 2011) approved this study in accordance with their
ethical guidelines for human research. All participants
provided consent, and the complete protection of their
personal data was agreed upon in writing.

Results

The characteristics of the entire study population and the
distribution of subscale scores of the QEESI and mental
health subscales are shown in Table 1. One hundred and
ninety-five (34.5 %) subjects were over 50 years of age,
and there were more males than females (93.5 vs. 6.5 %).
The proportion of subjects with high QEESI scores were
as follows: chemical sensitivity (=40, 10.1 %), other
chemical sensitivity (>25, 5.5 %), symptom severity
(=40, 11.3 %), and life impact (>24, 3.0 %). In addition,
8.7 % of the subjects had a high mental health subscale
score (>21). The mean mental health score of the MCS
patients diagnosed using the QEESI questionnaire with
the Miller criteria was higher than that of the controls
(22.88 vs. 7.61, p < 0.001; Table 2). The mean mental
health score of the MCS patients diagnosed using the
QEESI questionnaire with the Hojo criteria was also
higher than that of the controls (18.70 vs. 6.17,
p < 0.001; Table 2).

The correlations between variables and the mean value
of each variable used in the path analysis were calculated
(Table 3). As expected, the multiple chemical exposure
variables of chemical sensitivity (Variable 2) and other
chemical sensitivity (Variable 3) were both positively
correlated with the health effect variables of symptom
severity (Variable 5, R = 0.44 and 0.60, p < 0.01), life
impact (Variable 6, R = 0.46 and 0.65, p < 0.01), and
mental health (Variable 7, R = 0.30 and 0.38, p < 0.01).
Mental health (Variable 7) was positively correlated with
the health effect variables of symptom severity (Variable 5,
R = 0.62, p < 0.01) and life impact (Variable 6, R = 0.44,
p < 0.01). The mean age (Variable 1) was 43.74 years. The
mean scores for the chemical sensitivity, other chemical
sensitivity, masking index, symptom severity, life impact,
and mental health subscales were 15.18, 7.47, 5.27, 19.30,
4.53, and 9.22, respectively. Masking index (Variable 4)
showed a slight negative correlation with chemical sensi-
tivity (R = —0.10, p < 0.05). The mean age was higher for

Table 2 Mental health scores
of the MCS patients and non-
MCS patients

QEESI Quick Environmental
Exposure and Sensitivity
Inventory, SD standard
deviation, MCS Multiple
Chemical Sensitivity

 Criteria number was defined
by QEESI criteria subscales

Cutoff value for QEESI Criteria Diagnosis 7 (%) 565 Mental health  p°
criteria subscales number® (100 %) Mean (SD)
Miller criteria
1. Chemical sensitivity >40 3 subscales MCS 8 (1.4) 22.88 (12.81) <0.001
2. Other chemical sensitivity >25 1-2 subscales  Others 105 (18.6) 15.09 (8.28)
3. Symptom severity >40 0 subscale Controls 452 (80.0) 7.61 (6.37)
Hojo criteria
1. Chemical sensitivity >40 3 subscales MCS® 23 (4.1) 18.70 (10.96) <0.001
2. Symptom severity >20 1-2 subscales  Others 232 (41.1) 12.34 (7.80)
3. Life impact >10 0 subscale Controls 310 (54.8) 6.17 (5.37)

® p value by the Kruskal-Wallis
test
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Table 3 Pef';lrson correlations Variables (10 2) (3) Other  (4) (5) (6) 7)
between vaqables and mean . Age Chemical chemical Masking Symptom Life Mental
values used in the path analysis sensitivity sensitivity index severity  impact health
(N = 565)

(1) Age -

(2) Chemical sensitivity ~ 0.17" -

(3) Other chemical 0.01 0.54" -

sensitivity

(4) Masking index —0.06 —0.10" —0.02 -

(5) Symptom severity 0.08 0.44™ 0.60"" 0 -

(6) Life impact —0.01 046" 0.65" 0.02 0.56" -

(7) Mental health -0.07 030" 0.38" 0.09" 0.62" 0.44™ -

Mean 43.74 15.18 7.47 5.27 19.3 4.53 9.22

L. Standard deviation (&) +10.25 =£16.82 +9.26 +1.68 +16.42 +7.1 +7.63

SD standard deviation
males (44.22 £ 9.88 years old) than females  chemical sensitivity predicted the health effects of multiple

(36.78 £ 12.78 years old) (¢ test, p = 0.001, not shown in
Table 3).

As there were significant correlations between many of
the variables examined in this study, we created an original
path model (Fig. 1). Based on modification indices, some
changes were made to the model. Our final path model can
be regarded as good: CMIN/DF = 1.832, CFI = 0.996,
RMSEA = 0.038, and AIC = 71.158 (Fig. 2). The stan-
dardized regression coefficients of the variables obtained
using the final path model are shown in Table 4. As
expected, scores for chemical sensitivity and other

CMIN/DF = 1.832
CFI=0.996
RMSEA =0.038
AIC =71.158

Chemical sensitivity

Fig. 2 Final path model: chemical sensitivity and other chemical
sensitivity predict health effects of multiple chemical exposure.
Health effects of multiple chemical exposure predicts symptom
severity and life impact. Mental health is strongly affected by

chemicals exposure (f = 0.19, 0.64). The latent variable of
health effects of multiple chemical exposure strongly pre-
dicted symptom severity and life impact (f = 0.38, 0.89).
Furthermore, symptom severity and life impact, as effects
of multiple chemical exposure, predicted mental health
(p = 0.56, 0.12). Additionally, significant paths were
found from masking index and age to mental health
(B = 0.08, —0.12); however, these two factors were also
associated with chemical sensitivity (R = —0.10, 0.17).
Paths without statistical significance (p > 0.05) are not
shown in Fig. 2.

Mental health

Life impact

symptom severity and life impact, and slightly affected by age and
masking. Path estimates are standardized. Paths without significance
(p > 0.05) are not shown in the figure (but have not been deleted)
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Table 4 Standardized

regression coefficients of
variables obtained using the
path model (n = 565)

SE standard error

 Standardized regression
coefficients

° p value <0.05 was regarded as
statistically significant

NS not statistically significant,
— no statistically significant
result because the independent

Dependent variable Independent variable B SE pb
Health impact of multiple Chemical sensitivity 0.19 0.02 HkE
chemical exposure Other chemical sensitivity 0.64 0.03 ok
Masking index 0.05 0.13 NS
Age —0.03 0.02 NS
Sex 0.01 0.90 NS
Symptom Chemical sensitivity 0.10 0.04 *
Other chemical sensitivity 0.26 0.07 HkE
Health impact of multiple 0.38 - -
chemical exposure
Life impact Health impact of multiple 0.89 - -
chemical exposure
Mental health Symptom 0.56 0.02 Hokk
Life impact 0.12 0.04 *E
Age —0.12 0.02 wHE
Masking index 0.08 0.15 *
Sex —0.03 1.01 NS

variable was a latent factor

Discussion

The QEESI questionnaire has a high availability for
chemical sensitivity measurement [14, 19]. Ten items in
the “Chemical Inhalant Intolerances” (also defined as
chemical sensitivity) subscales were extracted as the fac-
tors with the highest contribution compared with other
subscales in a general, mostly female, population.
Although it was demonstrated that the chemical sensitivity,
symptom severity, and life impact subscales could be
instrumental in Japan, items in the “other intolerances”
(also defined as other chemical sensitivity) subscale
showed low factor loading in the same general population.
In comparison with the USA, revision of these scales was
required to take into consideration the differences in die-
tary customs in Japan [20].

In this study, we observed a higher positive association
between “other chemical sensitivity” and other QEESI
subscales and the mental health subscale than for the
“chemical sensitivity” scale. This may be because the
company worker research subjects were different in terms
of sex, age, and multiple chemical exposure status to other
research populations. In addition, we observed significant
differences in mean mental health score between the MCS
patients (evaluated using the QEESI questionnaire with the
Miller and Hojo criteria) and the controls. The Miller cri-
teria contain the QEESI “chemical sensitivity,” “other
chemical sensitivity,” and “symptom severity” subscales.
The Hojo criteria contain the QEESI “chemical sensitiv-
ity,” “symptom severity,” and “life impact” subscales. All
of these subscales are significantly correlated with the
“mental health” subscale.

People with MCS have a higher prevalence of current
psychiatric symptoms and disorders [13]. In previous
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studies [21, 22], MCS patients had higher rates of current
mental disorders than controls [3]. In eight investigations,
psychiatric disorders were found in 36-100 % of MCS
patients [23]. Environmental physicians argue that mental
symptoms in MCS patients should be considered as toxic
effects of environmental chemicals or a psychological
response to a chronic intoxication [24, 25]. Chemical
reactions that are triggered in MCS patients have been
demonstrated to elicit anxiety attacks, which are associated
with objective biological markers such as PCO, [26]. Low-
level exposures are sporadic. The dose—duration—response
relationship could not be explained [27]. Some researchers
suggest that chronic, debilitating illness can induce the
biological processes contributing to MCS leading to
depression, anxiety, or unexplained physical complaints
[13]. In this study, we had no means to measure the dose—
duration—response effect and the triggered toxic exposure
time. Therefore, in this study, the range of time of chemical
exposure, time of symptom severity onset, and life impact
is specified as the previous year based on the Japanese
version of the QEESI questionnaire. The range of time of
mental symptom onset is specified as the previous month.
This implies that factors associated with symptom severity
and life impact that are induced by multiple chemical
exposure may occur earlier than mental symptoms.
Treatment of psychiatric symptoms only has not been
shown to resolve chemical sensitivity [14]. The QEESI
questionnaire is a self-reporting tool that can recognize
MCS symptoms and be used in the development of a more
effective treatment plan [14]. This tool may help to pin-
point potential environmental chemical, food, and drug
contributors, which can lead to improved intervention
strategies. Based on the results of this study, notably the
strong association between the “other chemical
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sensitivity” scale and “symptom severity” and “mental
health” in workers, intervention in individuals with rela-
tively high “other chemical sensitivity” and “mental
health” scores could allow them to avoid triggers from
items such as chemicals, foods, coffee, alcoholic bever-
ages, and cosmetics.

In addition, we found a mild negative association
between masking index and chemical sensitivity and a mild
positive association between masking index and mental
health. This may be explained by dependence on alcohol or
other drugs are very rare diagnosis in patients with envi-
ronmental illness [5]. Possible explanations for the asso-
ciation with mental health are masking index (smoking,
drinking, perfume use, drug dependence, etc.,) related to a
true drug sensitization which may induce mental symp-
toms. It is interesting that a significant difference in age
was observed between males and females; this may be
explained by sociological reasons for older people in the
workplace being mainly male.

In conclusion, this is the first use of path analysis for the
exploration of chemical sensitivity-related subscales in the
QEESI questionnaire to assess mental health in a Japanese
worker population. We found a significant causal relationship
between these factors using the path model. This indicates that
mental health could be inferred from MCS in Japanese work-
ers. In future investigations, more focus should be placed on the
impact of MCS to assess mental health.
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