Received: 12 January 2022

Revised: 8 March 2022

Accepted: 20 March 2022

DOI: 10.1002/1348-9585.12328

ORIGINAL ARTICLE

Journal of llccupatmnal'HeaIth WILEY

Exploring the contributing factors to multiple chemical
sensitivity in patients with migraine

Keisuke Suzuki!

| Madoka Okamura' | Yasuo Haruyama’ | Shiho Suzuki' |

Tomohiko Shiina’ | Gen Kobashi® | Koichi Hirata'

'Department of Neurology, Dokkyo
Medical University, Tochigi, Japan

“Integrated Research Faculty for
Advanced Medical Science, Dokkyo
Medical University School of Medicine,
Tochigi, Japan

3Department of Public Health, Dokkyo
Medical University School of Medicine,
Tochigi, Japan

Correspondence

Keisuke Suzuki, Department of
Neurology, Dokkyo Medical University,
880 Kitakobayashi, Mibu, Shimotsuga,
Tochigi 321-0293, Japan.

Email: keisuke@dokkyomed.ac.jp

Funding information

This work was supported by Ministry of
Health, Labour and Welfare Research
on rare and intractable diseases
Program Grant Number 20FC1056.

Abstract

Objective: Multiple chemical sensitivity (MCS) is a form of chemical intolerance
in which various systemic symptoms are triggered by exposure to a variety of
chemical substances. Although migraine has been associated with central sensi-
tivity syndrome, the relationship between MCS and migraine has not been stud-
ied. We assessed the frequency of MCS and its related factors in patients with
migraine.

Methods: We performed a cross-sectional study that included 95 patients
(14 M/81 F; age, 45.4 + 12.4 years) out of 100 consecutive patients with migraine
from our outpatient headache clinic. MCS was defined as having a combination
of Q1 > 30, Q3 > 13, and Q5 > 17 on the quick environment exposure sensi-
tivity inventory (QEESI; Japanese version). Central sensitization inventory-A
scores >40 were considered an indication of central sensitization. Headache-
related disability and psychological distress were evaluated with the Migraine
Disability Assessment score (MIDAS) and Kessler Psychological Distress Scale
(K6), respectively.

Results: MCS was identified in 20% of patients with migraine; however, none
had previously been diagnosed with MCS. The MCS-positive group had higher
rates of photophobia, osmophobia, visual aura, sensory aura, and central sensiti-
zation and higher MIDAS and K6 scores than the MCS-negative group. A logistic
regression analysis showed that osmophobia, sensory aura, and central sensitiza-
tion were significant contributors to MCS.

Conclusion: We showed that MCS was observed in 20% of patients with mi-
graine, and our study results may indicate a possible association of MCS with
central sensitization and hypersensitivity-related symptoms in patients with
migraine.
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1 | INTRODUCTION

Multiple chemical sensitivity (MCS), known as chemical
intolerance or toxicant-induced loss of tolerance, is a med-
ical condition in which various systemic symptoms, such
as persistent headache, fatigue, and muscle pain related to
low concentration, slight fever, and abnormal sensations,
are triggered by exposure to many chemical substances
with high reproducibility.'” A web-based survey includ-
ing 7245 adults in Japan showed that 7.5% of adults suf-
fered from chemical intolerance.* MCS has been reported
to overlap with fibromyalgia, which is a disease that has
been related to central sensitivity syndrome (CSS) and
involves hypersensitivity of the central nervous system."
Other diseases that have been suggested to have an associ-
ation with CSS include restless legs syndrome, migraine,
irritable bowel syndrome, depression, and chronic fatigue
syndrome.’

We recently reported that symptoms related to CSS
were significantly associated with pain severity, pain in-
terference with daily activities, and depressive symptoms
in 551 patients with various neurological, psychological,
and pain disorders in a multicenter setting.’ In patients
with migraine, the presence of CSS, as assessed by the
central sensitization inventory (CSI),>’ was shown to
be associated with comorbid restless legs syndrome and
pain-related interference.® The CSI is a widely used, reli-
able, validated questionnaire-based assessment for central
sensitization.” Patients with migraine present with a vari-
ety of sensory sensitivities, including sensitivity to smell,
light, and sound, and central sensitization is suggested
to be involved in the chronicity of headache. In addition,
considering that migraine has been associated with CSS,
it is possible that the prevalence of MCS in patients with
migraine may be high compared with healthy individuals
and that MCS can be closely related to some clinical factors
in patients with migraine. However, to our knowledge, no
study has examined the relationship between MCS and
migraine. The purpose of this study was to evaluate MCS
in patients with migraine using a validated questionnaire
and to identify the factors relevant to MCS.

2 | MATERIALS AND METHODS

We performed a cross-sectional study in a single-center
setting. Migraine was diagnosed by headache specialists
based on the International Classification of Headache
Disorders, 3rd edition.'® This study included 95 patients
(14 M/81 F; age, 45.4 &+ 12.4 years) out of 100 consecutive
patients with migraine (16 M/84 F; age, 44.9 + 12.4 years)
from our single-center outpatient headache clinic; five pa-
tients were excluded due to incomplete data on MCS. In

Japan, unlike in Europe and America, there is no formal
system of medical referral, and a referral is recommended
but not necessary. Patients living around our university
hospital can choose whether they go to local clinics or our
outpatient clinic.

The patients completed a questionnaire on habits in-
cluding smoking, caffeine intake and alcohol consump-
tion. The presence of various auras (visual, sensory,
speech, and motor auras), accompanying symptoms,
and hypersensitivity to light (photophobia), noise (pho-
nophobia), and smell (osmophobia) was obtained from
the patients’ clinical records. For the MCS assessment,
we used the quick environment exposure sensitivity in-
ventory (QEESI; Japanese version),"! which consisted of
the following items: Q1, chemical intolerances; Q2, other
intolerances; Q3, symptom severity; Q4, masking index;
and QS5, life impacts. The QEESI has been validated in
many languages and is widely used.'> MCS was defined
as having combinations of Q1 > 30, Q3 > 13 and Q5 > 17,
based on the latest cutoff values.'* The Migraine Disability
Assessment (MIDAS)™ has been used to assess disabil-
ity in daily life related to the incidence of headaches.
Migraine days in the last 3 months and migraine sever-
ity were obtained from MIDAS A and B, respectively. The
Kessler Psychological Distress Scale (K6) was used to as-
sess psychological distress.'” Central sensitization-related
symptoms were assessed by the Japanese version of the
CSI-A, which includes 25 items on somatic symptoms re-
lated to central sensitization (score, 0-100; 100 = worst).’
CSI-A scores >40 were considered to be an indication of
central sensitization. The CSI-B addresses 10 specific dis-
eases that are self-reported as previously diagnosed and
related to central sensitization, including restless legs syn-
drome, chronic fatigue syndrome, fibromyalgia, temporo-
mandibular joint disorder, migraine or tension headaches,
irritable bowel syndrome, MCS, neck injury, anxiety or
panic attacks, and depression.

2.1 | Statistical analysis
Chi-square tests or Fisher's exact tests for categorical vari-
ables and Student’s t-tests or Mann-Whitney U tests for
continuous variables were used to compare MCS-positive
and MCS-negative groups, where appropriate. Univariate
logistic regression analyses related each factor with the
MCS status of patients with migraine. Logistic regression
analyses using likelihood ratio forward selection and age-
and sex-adjusted methods were performed to determine
contributing factors to MCS in patients with migraine.

A two-tailed p value <0.05 was considered statistically
significant. IBM SPSS Statistics software version 26.0 (IBM
SPSS, Inc., Tokyo, Japan) was used for statistical analysis.
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3 | RESULTS

MCS was observed in 19 of 95 patients with migraine
(20.0%). Self-reported central sensitization-related dis-
eases from the CSI-B were as follows: restless legs syn-
drome, n = 4 (4.2%); chronic fatigue syndrome, n = 2
(2.1%); fibromyalgia, n = 5 (5.3%); temporomandibular
joint disorder, n = 10 (10.5%); migraine or tension head-
aches, n = 95 (100%); irritable bowel syndrome, n = 5
(5.3%); MCS, n = 0 (0.0%); neck injury, n = 7 (7.4%);
anxiety or panic attacks, n = 13 (13.7%); and depres-
sion, n = 11 (11.7%). Among these self-reported central
sensitization-related diseases, anxiety or panic attacks
(31.6% vs. 9.9%, P = .017) and depression (31.6% vs. 6.9%,
P = .003) were found to be more prevalent in the MCS-
positive group compared with the MCS-negative group.
Frequencies of other diseases did not differ between the
groups. In Table 1, there were no differences in the rates
of smoking, caffeine intake, and alcohol intake between
the MCS-negative and MCS-positive groups. The MCS-
positive group had higher rates of photophobia, osmopho-
bia, visual aura, sensory aura, and central sensitization
and higher MIDAS and K6 scores than the MCS-negative
group (Table 2). Migraine days in the last 3 months and
migraine severity did not differ between the groups. In
univariate logistic regression analysis, osmophobia, visual
aura, sensory aura, MIDAS total scores, central sensitiza-
tion, and K6 scores were related to MCS status (Table 3).
Logistic regression analyses using likelihood ratio forward

TABLE 1 Differences in lifestyle habits in patients with
migraine with and without MCS

MCS MCS
negative positive P
(n=76) (n=19) value®
N (M/F) 11/65 3/16 1.000
Age (years) 44.9+13.1 47.549.3 0.415°
Smoking, n (%) 0.158
Never 68(89.5) 14(73.7)
Past 6(7.9) 3(15.8)
Current 2(2.6) 2(10.5)
Caffeine, n (%) 71(93.4) 15(78.9) 0.075
Alcohol intake, n (%) 0.772
Never 41(53.9) 10(52.6)
<1 day/week 26(34.2) 5(26.3)
1-2 days/week 5(6.6) 2(10.5)
3-5 days/week 3(3.9) 1(5.3)
6-7 days/week 1(1.3) 1(5.3)

Abbreviation: MCS=multiple chemical sensitivity.
“Using Fisher's exact test.
"Using Student’s t-test.
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selection and age- and sex-adjusted methods showed that
the presence of osmophobia, sensory aura and central sen-
sitization were significant contributors to MCS in patients
with migraine (Table 4).

4 | DISCUSSION

This is the first study to investigate MCS in patients with
migraine. We found that MCS was identified in 20% of
patients with migraine by using the QEESI, and the MCS
prevalence in our cohort was higher than that in the gen-
eral population (7.5%).* Of note, none of these patients
had previously received a diagnosis of MCS as assessed by
the CSI-B, suggesting that the detection of MCS with the
QEESI was much superior to the self-reported diagnosis
by the CSI-B, and MCS may be underestimated in patients
with migraine. We used the latest cutoff values for the
QEESI (Japanese version) for MCS that yielded 82.0% sen-
sitivity and 94.4% specificity.* The updated cutoff changes
were mainly due to increased opportunities for exposure
to various chemicals related to our social lifestyle changes.

We found MCS and central sensitization in patients
with migraine. Central sensitization is a condition that
results from alterations in the somatosensory system in-
volving a shift from high- to low-threshold pain hypersen-
sitivity. Both migraine and MCS have been speculated to
be diseases related to central sensitization.” During central
sensitization, increased activity in the primary somatosen-
sory area was shown to be correlated with the intensity
of pain, and the pons and thalamus are thought to have a
specific role in the maintenance of central sensitization.'
In our study, although headache-related disability, as eval-
uated by MIDAS total scores, was more severe in patients
with MCS than in those without MCS, the MIDAS total
score was not a determinant for MCS in the logistic regres-
sion analysis.

The MCS-positive group included more alcohol drink-
ers and smokers than the MCS-negative group, and an
increase in the sample size may lead to a significant dif-
ference. We performed a logistic regression analysis of
MCS in patients with migraine, adjusting for alcohol and
smoking; however, alcohol and smoking were not relevant
factors for MCS in our study. Although MCS individuals
tend to avoid chemical exposure, the association of MCS
with alcohol consumption and smoking has been shown
to vary among studies.'”'®

Our study showed that the K6 score was higher in the
MCS-positive group compared with the MCS-negative
group, thus suggesting that stress has a role in MCS in
patients with migraines, although the K6 score did not
remain as a significant contributor to MCS in the logis-
tic regression analysis. Chronic stress is known to be a
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TABLE 2 Clinical characteristics of

MCS negative MCS positive P . . L . .
(n = 76) (n =19) value® patients with migraine with and without
MCS
Accompanying symptoms, 1 (%)
Nausea 46(60.5) 15(78.9) 134
Photophobia 56(73.7) 19(100.0) .010°
Phonophobia 52(68.4) 17(89.5) .066
Osmophobia 38(50.0) 16(84.2) .007
Allodynia 13(17.1) 5(26.3) .346°
Aura, n (%)
Visual aura 29(38.2) 13(68.4) 018
Sensory aura 13(17.1) 9(47.4) .012°
Language aura® 6(8.1) 3(15.8) .382°
Migraine onset age (years)® 19.3 + 8.7 16.8 + 5.9 .262
MIDAS total score 9.4 +13.9 17.3+9.3 <.001°
Migraine days in the last 22.5+22.4 28.9 +20.2 .059°
3 months®
Migraine severity® 57 +26 9.8 +17.1 .208°
Central sensitization, n (%) 13(16.9) 11(57.9) <.001°
K6 score 43+47 8.8 + 6.1 .002°

Abbreviations: K6, Kessler Psychological Distress Scale; MCS, multiple chemical sensitivity; MIDAS,

Migraine Disability Assessment.
Using chi-square test or Student’s t-test.
®Using Fisher’s exact test or Mann-Whitney U test.

“Statistics excluded missing values for language aura (n = 2), migraine onset age (n = 5), migraine days

(n = 2), and migraine severity (n = 6).
Statistically significant values (P < .05) are shown in bold.

major trigger for migraines due to a hyperalgesic state
related to central sensitization or through the activation
of N-methyl-d-aspartate receptors or opioid receptors."
Limbic systems are brain regions that participate in the
processing of fear, stress reactivity, learning, and memory.
Stress-related symptoms that accompany the headache
are linked to limbic processes, and repetitive psychosocial
stress may make the limbic system more susceptible, thus
triggering migraine attacks.” In fact, the MCS-positive
group was found to be related to more severe headache-
related disability and higher stress compared with the
MCS-negative group in our study.

In our cohort, MCS was associated with several import-
ant features of migraine involving hypersensitivity, such
as photophobia, osmophobia, and visual and sensory aura
statuses. Cortical hyperexcitability may increase the proba-
bility of the development of cortical spreading depression,
which has been implicated in migraine auras,”' whereas
the increased excitability of trigeminal neurons may facili-
tate peripheral and central sensitization.?? In migraineurs,
altered functional connectivity between brainstem pain-
modulating circuits and the limbic cortex, including the
amygdala, which facilitates pain perception through the
sensory cortex and plays a role in fear conditioning and

stress responsiveness, has been described.?® Patients with
MCS showed significantly higher metabolism in the bi-
lateral olfactory cortices than healthy controls during the
resting state.>*

As MCS is commonly triggered by olfactory stimula-
tion, involvement of olfactory systems in the pathophysi-
ology of MCS has been suggested.”> Chemically sensitive
individuals are more likely to react to suprathreshold ol-
factory stimulation than healthy subjects.® Individuals
with electromagnetic hypersensitivity have been reported
to have greater odor and noise intolerance than healthy
controls.”” Nonmigraine individuals with MCS reported
greater perceived odor intensities and more unpleasant-
ness following exposure to odorants than controls.”® In
contrast, it has been reported that several odors, such as
perfume, rose, and Japanese cypress, were more offensive
to patients with migraine than to healthy controls.”

The limitations of the study included the small sam-
ple size, the inability to evaluate the association between
MCS and headache onset and the lack of healthy controls.
The background of this study differs from that of general
population studies; although referral is not mandatory,
there may be a selection bias in that some patients have
intractable headache because of the specialized outpatient
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TABLE 3 Factors related to MCS in patients with migraine

Crude odds P
ratio 95% CI value®
Sex, female vs. male 0.903 0.225-3.619  .885

Age, years 1.018 0.976-1.061 411
Smoking
Never Ref
Past 2.429 0.542- .246
10.890
Current 4.857 0.630- 129
37.453
Caffeine, yes vs. no 0.264 0.063-1.101  .068
Alcohol intake
Never Ref.
<1 day/week 0.788 0.242-2.568  .693
1-2 days/week 1.640 0.277-9.721 .586
3-5 days/week 1.367 0.128- .796
14.567
6-7 days/week 4.100 0.236- 333
71.357

Accompanying symptoms, yes vs. no

Nausea 2.446 0.740-8.079  .142
Photophobia n/s
Phonophobia 3.923 0.839- .083
18.353
Osmophobia 5.333 1.435- .012
19.817
Allodynia 1.731 0.530-5.649  .363
Aura, yes vs. no
Visual aura 3.511 1.202- .022
10.261
Sensory aura 4.632 1.480-12.85 .008
Language aura® 2.125 0.479-9.420  .321
Migraine onset age” 0.961 0.896-1.030  .261
(years)
MIDAS total score 1.037 1.001-1.075  .042
Migraine days in the 1.012 0.991-1.034  .262
last 3 months®
Migraine severity® 1.067 0.945-1.204  .294
Central sensitization,  6.663 2.243- <.001
yes vs. no 19.799
K6, score 1.158 1.054-1.273  .002

Abbreviations: K6, Kessler Psychological Distress Scale; MCS, multiple
chemical sensitivity; MIDAS, Migraine Disability Assessment.

*Using univariate logistic regression analysis.

PStatistics excluded missing values for language aura (n = 2), migraine onset
age (n = 5), migraine days (n = 2), and migraine severity (n = 6).

Statistically significant values (P < .05) are shown in bold.

clinic at the University hospital. In our study, the patients’
work or professional statuses may have influenced their

Open Access,
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TABLE 4 Factors related to MCS in patients with migraine
(n=287)

Odds P
ratio 95% CI value
Forward selection
Osmophobia 4.511 1.028-19.791 .046
Sensory aura 5.946 1.617-21.869 .007
Central sensitization 6.116 1.755-21.308  <.001
Age- and sex-adjusted
Osmophobia 5.038 1.147-24.57 .033
Sensory aura 5.609 1.504-20.918 .010
Central sensitization 7.152 0.917-26.681 .003

Note: Logistic regression analysis was performed with a likelihood ratio
forward selection model and an age- and sex-adjusted method.

Independent variables used in the likelihood ratio forward selection
model included age, sex, caffeine, smoking, alcohol, nausea, photophobia,
phonophobia, osmophobia, allodynia, visual aura, sensory aura, language
aura, MIDAS total score, MIDAS A, MIDAS B, and CSI and K6 scores

stress, but this was not investigated. Indoor air problems
and other environmental issues were also not assessed.
Moreover, the diagnosis of MCS was not made by using
face-to-face interviews but by using questionnaires.
However, the validity of the questionnaire (QEESI) used
in this study has been well verified.'* Further prospective
studies with larger sample sizes will clarify the detailed as-
sociations between MCS and migraine and treated course
of MCS. In conclusion, our study showed that MCS was
observed in 20% of patients with migraine, and the results
indicated significant associations of MCS with central
sensitization and hypersensitivity-related symptoms in
patients with migraine.
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