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Abstract: A considerable proportion of patients having respiratory tract or voice symptoms associated
with workplace moisture damage (MD) could have multiple chemical sensitivity (MCS). MCS
is characterized by symptoms of different organ systems in association with low-level chemical
exposure. The objective of this study was to assess the prevalence of MCS among patients referred
to secondary health care because of respiratory or voice symptoms associated with workplace MD
compared to the general working-age population. Using three subscales of the QEESI© questionnaire,
we assessed MCS in the study patients and 1500 controls in the same district randomly selected from
the Finnish Population Information System. Study patients had significantly more often high scores
in chemical intolerance (39% vs. 23%, p = 0.001), symptom severity (60% vs. 27%, p < 0.001), and life
impact subscales (53% vs. 20%, p < 0.001). Asthma, chronic rhinosinusitis, laryngeal problems, and
atopy were not associated with the presence of MCS. MCS is common among patients referred to
secondary health care with respiratory tract and/or voice symptoms associated with workplace MD,
and it considerably affects their everyday life. MCS should be considered as a possible explanatory
factor for MD-associated symptoms.

Keywords: multiple chemical sensitivity (MCS); chemical intolerance; moisture damage;
mold; dampness

1. Introduction

Multiple chemical sensitivity (MCS) (or chemical/odor intolerance) is a condition
characterized by symptoms of different organ systems in association with low-level chemi-
cal exposure that is below known harm-causing levels and does not cause symptoms in
most people [1]. MCS is a subtype of idiopathic environmental intolerance (IEI) [2], which
includes reacting to different environmental factors such as chemicals or odors, electromag-
netic fields [3], noise [4], or buildings the person considers “sick” [5]. IEI symptoms cannot
be explained by any known toxicological [6], physical [7], or immunological [8,9] mech-
anisms, but recent studies suggest that central sensitization and change in neurological
processing of sensory stimuli could be the key mechanisms causing IEI [10–13].

A consensus in 1999 set six different criteria for a diagnosis of MCS: the condition
is chronic, and symptoms are reproducible, appear in multiple organ systems, occur
in response to low-level exposure to different chemicals, and resolve after exposure is
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ceased [14]. Later, Lacour et al. emphasized the presence of central nervous system
symptoms such as headache, fatigue, and cognitive deficits [15]. As there is no recognized
biological mechanism explaining MCS, there are no clinical tests for the diagnosis. To
screen the presence of MCS, different questionnaires have been developed [16–20] of which
the Quick Environmental Exposure and Sensitivity Inventory (QEESI©) [21] seems to be
the most widely used [22–28]. However, there are still no commonly accepted definition
and diagnostic criteria for MCS [29].

Epidemiological studies on self-reported MCS during the last decade have presented
prevalence between 3% and 26%, being often higher in women than in men [22,28,30–34].
Recent research suggests that MCS perhaps is not as permanent a condition as previously
thought [35,36]; Palmquist reported 44% of subjects with specific environmental intolerance
(EI) recovering during a six-year follow-up. On the other hand, there was a 13% probability
that a certain EI would spread to another type of EI [37]. Regardless, MCS may significantly
affect the quality of some subjects’ social and occupational life [23,38].

Previous epidemiological research has concluded that workplace moisture damage
(MD) exposure increases the risk of new-onset asthma and respiratory tract
symptoms [39,40]. In a clinical setting, only a part of the patients examined in secondary
health care for MD-associated symptoms are diagnosed with an organic disease such as
asthma [41,42], and a considerable proportion of them seem to have symptoms of dif-
ferent organ systems referring to possible MCS [30,43]. It has also been suggested that
non-specific building-related symptoms that cannot be explained by actual indoor air
conditions and MCS share partly common symptoms and could be explained with similar
mechanisms [13]. However, the possibility of MCS is not routinely examined in patients
presenting with symptoms associated with MD exposure. To improve the management of
these patients and to evaluate if routine assessment of possible MCS should be part of their
diagnostic workup, we need to know the prevalence of MCS in these patients.

The specific objective of this study was to assess how common MCS is among patients
referred to secondary health care because of respiratory tract or voice symptoms associated
with MD at the workplace compared to the general working-age population.

2. Materials and Methods

Patients referred to Tampere University Hospital departments of Occupational Medicine
or Phoniatrics or Allergy Centre due to respiratory or voice symptoms associated with
MD exposure at workplace were recruited to our study. The study protocol has previously
been published in detail [44]. Comprehensive clinical tests were conducted to diagnose
possible asthma, chronic rhinosinusitis (CRS), laryngeal problem (dysfunction such as
muscle tension in phonation or organic problem such as laryngitis or vocal fold polyp), or
atopy (defined by at least one skin prick test positive (≥3 mm) result in standard panel
including birch, timothy, mugwort, horse, dog, cat, Dermatophagoides Pteronyssinus
house dust mite, and latex) in the patients. The clinical findings of the patients have been
presented in a previous article [42]. In addition, patients fulfilled a questionnaire including
QEESI© which has been developed for use in research as well as clinical evaluation of
patients reporting intolerances [21]. Three QEESI© subscales were used to assess possible
MCS: the chemical intolerance subscale to find out which chemicals or odors possibly cause
symptoms, symptom severity subscale to examine what kind of and how severe symptoms
a person commonly experiences, and life impact subscale to assess how the sensitivities
affect different aspects of everyday life (Table 1).

The respondents rated each item in different subscales between 0 and 10 points,
0 meaning not at all a problem and 10 severe or disabling problem. The points of each
subscale were tallied to obtain a total score from 0 to 100. In the chemical intolerance and
symptom severity subscales, the scores 0–19 were classified as low, 20–39 as medium, and
40–100 as high. In the life impact subscale, the respective scores were 0–11, 12–23 and
24–100. A high score class in the chemical intolerance subscale was used as a criterion for
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MCS. Based on previous research, this threshold has sensitivity of 83% and specificity of
84% for MCS [21].

Table 1. QEESI© questionnaire subscales used to assess possible MCS and the assessed items within
each subscale.

Chemical Intolerance Subscale Symptom Severity Subscale Life Impact Subscale

Engine exhaust Muscle or joint problems Diet
Tobacco smoke Eye or respiratory tract problems Ability to go to work or school

Insecticides Heart or chest problems Furnishing home

Gasoline Stomach or digestive system
problems Choice of clothing

Paint or paint thinner Problems with ability to think Ability to travel or drive a car
Cleaning products Mood problems Choice of personal care products

Perfumes or fragrances Balance or coordination problems Social activities

Fresh asphalt or tar Headache or feeling of pressure in
the head Choice of hobbies and recreation

Nail polish, nail polish remover or
hairspray Skin problems Relationship with spouse and

family

New furnishings Urinary tract or genital problems Ability to clean home and
perform other routine chores

To find out if MCS would be more common among the study patients with respira-
tory tract symptoms associated with MD at workplace than among general working-age
population, the same questionnaire was sent to Finnish-speaking controls of the same
province with a population of 510,000. Considering the low response rates in surveys
nowadays, to obtain a control group of 400 subjects (ratio 4:1), 1500 20–63-year-old persons
with proportions of women and men in different age groups equivalent to the study patient
population were randomly selected from the Finnish Population Information System. The
questionnaire was sent by mail, and a possibility to answer the questionnaire alternatively
online was provided.

Independent-samples T-test and chi-squared tests were used to compare categorical
and continuous variables between different groups. Data management and analysis were
performed using IBM® SPSS® Statistics Version 25 (2017).

The Ethics Committee of the Pirkanmaa Hospital District approved the study (R14095).
All the study subjects provided their written informed consent.

3. Results

The study patient population recruited between October 2015 and June 2017 consisted
of 99 patients, 82 of whom were women and 17 men. Their mean age was 44 years
(range 20–63).

The questionnaire was sent to the controls in autumn 2017, and 568 (38%) of them
responded, six of them on the internet. The mean age of the controls was 46 years
(range 21–63), and 87% of them were women and 13% men. Age, sex, and the propor-
tions of women and men in different age groups did not statistically differ between study
patients and controls (data not shown).

3.1. Study Patients’ QEESI© Results

Among the study patients, 39% had high scores in chemical intolerance, 60% in
symptom severity, and 53% in life impact subscales. The gender difference did not
reach statistical significance among the study patients in chemical intolerance (43% and
24%, respectively, p = 0.114) or symptom severity subscales (60% and 59%, respectively,
p = 0.575), but women had high scores more often in the life impact subscale (57% and 29%,
respectively, p = 0.033).

Among the study patients, 32% had asthma, 39% asthma and/or CRS, 42% laryngeal
dysfunction or organic change, and 37% atopy. No statistically significant differences were
found in the comparisons of subscale results between patients with and without these
conditions (Table 2).
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Table 2. Proportions of study patients with different illnesses or findings reporting high scores in chemical intolerance,
symptom severity, and life impact subscales (CRS = chronic rhinosinusitis).

Asthma (n = 32) Asthma and/or CRS (n = 39) Laryngeal Problem1 (n = 42) Atopy (n = 37)

Subscale yes no p yes no p yes no p yes no p
% % % % % % % %

Chemical
intolerance 44 37 0.661 42 36 0.675 48 33 0.207 30 45 0.143

Symptom severity 63 58 0.827 59 60 1.000 60 59 1.000 60 60 1.000
Life impact 50 54 0.830 46 57 0.410 56 52 0.837 51 53 1.000

1 Laryngeal dysfunction or organic change.

3.2. Comparison of QEESI© Results between Study Patients and Controls

The study patients had significantly more often high scores in chemical intolerance
(39% vs. 23%, p = 0.001), symptom severity (60% vs. 27%, p < 0.001), and life impact (53% vs.
20%, p < 0.001) subscales than controls (Figure 1). The proportion of subjects scoring high
in all the three scales was 26% among the patients and 9% among the controls (p < 0.001).

Figure 1. Proportions of subjects with low, medium, and high scores in chemical intolerance
(p = 0.002), symptom severity (p < 0.001), and life impact (p < 0.001) among patients and controls
(X2 testing with 3 × 2 crosstabulation).

3.3. Comparison of QEESI© Results between Women and Men among Population Controls

Among the population controls, women had more often high scores in each of the
three subscales compared to men: 25% vs. 10% (p = 0.001) in chemical intolerance, 29% vs.
10% (p < 0.001) in symptom severity, and 22% vs. 5% (p < 0.001) in life impact (Figure 2).

3.4. Comparison of QEESI© Results between Population Controls Working and off Work and
between Study Patients and Working Controls

Of the population controls, 558 subjects (98%) expressed their employment status:
451 (81%) were currently working and 107 (19%) temporarily (unemployed, students,
etc.) or permanently out of work. There were no statistical differences in QEESI© results
between those working and off work: they had high scores in the chemical intolerance
scale 22% vs. 24% (p = 0.268), symptom severity scale 25% vs. 34% (p = 0.112), and life
impact scale 19% vs. 24% (p = 0.349), respectively.

The difference in QEESI© results between working controls and patients (data not
shown) was similar to the difference between all the controls and patients presented above.
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Figure 2. Proportions of controls with low, medium, and high scores in chemical intolerance
(p = 0.004), symptom severity (p < 0.001), and life impact (p < 0.001) among women and men
(X2 testing with 3 × 2 crosstabulation).

4. Discussion

This article presents the first study on workplace-MD-exposed patients’ MCS findings
compared to the general working-age population. We found that MCS is significantly more
prevalent among patients with workplace-MD-associated respiratory tract and/or voice
symptoms than among the general population. The most prominent differences between
study patients and the general population were in experiencing symptoms and in the effect
of sensitivities on different aspects of everyday life.

The prevalence of MCS in the general population was higher in this study (23%)
than in the questionnaire study by Karvala et al. (15%) [45]. However, that study was
conducted in a certain geographical area in Finland, Ostrobothnia in Western Finland, and
the prevalence of self-reported chemical intolerance was assessed with one question. More
in line with our study is the study of Vuokko et al. on fertile-age women in Eastern Finland,
in which chemical intolerance was determined if the respondent reported intolerance to at
least two of the six chemical items asked. Of the respondents, 29% reported annoyance from
chemicals without any symptoms and 23% annoyance with one or more symptoms [31].
The prevalence of MCS also varies depending on the target population and on the method
and criteria used. Studies with QEESI© on the general population in other countries
have resulted in the prevalence of 8–22% depending on the use of different subscale
combinations [22,28,46].

Rather than just finding out if a person gets symptoms associated with different
chemicals, it would be important to examine how severe the symptoms are and how much
the chemical intolerance affects the person’s life. In the previously mentioned study of
Vuokko et al., 9.9% of the respondents also reported behavioral changes to avoid symptoms
and 5.7% disabilities, e.g., disability to work, related to their sensitivities [31]. Respectively,
a combination of the three QEESI© subscales (chemical intolerance, symptom severity,
and life impact) could be a means of pointing out the most disabling cases of MCS in
practice. Receiving high scores in all three subscales indicates that a person gets symptoms
in association with several chemicals, has symptoms in different organ systems, and the
symptoms considerably affect the person’s everyday life. In our study, the proportion of
controls receiving high scores in all three subscales was 9%. Of the study patients, 26%
received high scores in all three subscales indicating that a considerable proportion of their
symptoms could be attributed to MCS.
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Whether patients were diagnosed with asthma, asthma and/or chronic rhinosinusitis,
laryngeal problem, or atopy or not did not influence MCS findings. This finding is con-
tradictory to previous questionnaire studies reporting MCS being more common among
subjects with respiratory tract inflammatory diseases and atopy [43,47,48]. MCS symptoms
can, however, be interpreted as respiratory tract disease or allergic symptoms favoring,
for example, diagnosis of asthma. It is worth noting that, in the present study, respiratory
diseases were not diagnosed based on symptoms only, but asthma was diagnosed based on
objective measures of lung function, CRS was diagnosed based on computed tomography
and nasal endoscopy, and laryngeal disorders were based on indirect video laryngoscopy.

Women in the general population had more frequently scores referring to MCS com-
pared to men. This finding is in agreement with previous studies [22,45,49], but there is
no specific explanation for it. Women reporting more MCS may be linked to, e.g., women
having a more sensitive olfactory function [50] or being more worried about possible health
effects of environmental factors [51]. Among the study patients, women experienced more
difficulties in everyday life because of the sensitivities than men, although there were no
significant differences in chemical intolerance and symptom severity subscales. The reason
for this is probably that the number of men in study patients was too small to produce
statistical significance.

It is thought that MCS could develop after a single exposure event to a chemical
(toxicant-induced loss of tolerance) or gradually [52]. Based on this cross-sectional study,
it cannot be evaluated if MCS would have originated from MD exposure or if MCS is
the primary reason for patients to have symptoms in an MD workplace. Either way, the
possibility of MCS explaining at least a part of the patient’s symptoms associated with
MD exposure at a workplace should be considered. Sufficient differential diagnostics
considering the possible organic background of the patient’s symptoms is essential. In
asthma treatment, the nature of respiratory symptoms requires thorough clarifying to avoid
treating MCS symptoms with asthma medication. Since patients with IEI are a heterogenic
group, careful multi-professional assessment of an individual patient’s situation and the
background of the strain they usually have should be considered [53]. Palmquist suggested
that psychotherapy aiming at reducing the emotional and behavioral reactions associated
with exposure could be advantageous [37]. This seems reasonable as worrying and a
negative affect may be connected to the development and permanence of MCS [13,54].
Mindfulness-based cognitive therapy [55], cognitive-behavioral therapy (CBT), or psychoe-
ducation [56], however, have not so far proven to be efficient treatment choices in MCS,
which may partly be explained by certain personality traits that some studies have linked
with IEI [10]. There is also a possibility of MCS symptoms spontaneously recovering [37],
and the knowledge of this could in part promote symptom relief. As regarding any diseases
or symptoms, the nature of MCS symptoms should be well explained to the patient.

The strengths of this study are the systematic clinical examinations [44] of workplace-
MD-exposed patients with the assessment of possible MCS with a questionnaire charting
which chemicals or odors possibly cause symptoms, what kind of and how severe symp-
toms a person commonly experiences, and how the sensitivities affect different aspects of
everyday life, and comparison of MCS results to the general working-age population. As
seen in previous studies, MCS prevalence may vary depending on the target population
within the same country, which is why the controls were selected to be working-age and
from the same region as the patients lived in.

There are some limitations of the study. The response rate in the questionnaire for
the controls in this study was quite low (38%), reflecting the willingness to take part in
surveys in general nowadays. Even if the gender proportions in all and in different age
groups of the study patients and controls were satisfactorily alike, those who are generally
interested in the subject and perhaps more concerned about the effects of environmental
factors on their health are probably more likely to take part in the survey, possibly causing
the prevalence of MCS in the general population to be overestimated. This must be taken
into account when interpreting the results, as the difference in the prevalence of MCS in the
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study patients and the general population may seem higher than it actually is. The set-up
to compare MCS findings in a selected group of patients and the regional population can
be questioned as there is limited knowledge on the background factors besides the age
and gender of the controls. However, there is no information on, e.g., MCS in different
occupations to favor inspection by occupation. Furthermore, considering the present
conception of the mechanism of MCS, knowledge on the possible MD exposure of the
controls is not essential. In addition, there is no knowledge of MCS/IEI prevalence among
different patient groups in secondary health care.

To the best of our knowledge, QEESI© has been validated in the USA [21], Denmark [28],
Japan [57], and Sweden [27]. It was chosen to be used in this study because of its properties
enabling the evaluation of MCS difficulty and influence on everyday life and therefore
seeming reliable to use in the assessment of MCS.

5. Conclusions

In conclusion, MCS is common among patients referred to secondary health care
with respiratory tract and/or voice symptoms associated with workplace MD, and the
symptoms considerably affect their everyday lives. MCS should thus be considered as
a possible explanatory factor for MD-associated symptoms. MCS is common also in the
general working-age population, although its prevalence may be overestimated in our
study. In the future, follow-up research is needed to clarify the factors that explain the
relief or worsening of MCS.

Author Contributions: Conceptualization, P.N., S.V., E.K., J.K., L.L., J.N., A.T., L.K., H.H. and J.U.;
Data curation, P.N. and A.T.; Formal analysis, P.N. and H.H.; Funding acquisition, P.N., S.V. and
L.K.; Investigation, P.N.; Methodology, P.N., J.K., L.L. and J.U.; Project administration, P.N. and J.U.;
Supervision, J.K. and L.L.; Visualization, P.N.; Writing—original draft, P.N.; Writing—review and
editing, P.N., S.V., E.K., J.K., L.L., J.N., A.T., L.K., H.H. and J.U. All authors have read and agreed to
the published version of the manuscript.

Funding: This work was supported by the Tampere Tuberculosis Foundation, Competitive State
Research Financing of the Expert Responsibility Area of Tampere University Hospital (grant number
9T069), Orion Research Foundation sr., Research Foundation of Pulmonary Diseases, Finnish Medical
Foundation, and Finnish ORL-HNS Foundation.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Pirkanmaa Hospital District
(protocol code R14095 and date 7 October 2014).

Informed Consent Statement: Informed consent was obtained from all patients involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Acknowledgments: The authors thank study nurses Tiina Mäki and Piitu Oksanen for their work in
the project.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Andersson, L.; Claeson, A.-S.; Dantoft, T.M.; Skovbjerg, S.; Lind, N.; Nordin, S. Chemosensory perception, symptoms and

autonomic responses during chemical exposure in multiple chemical sensitivity. Int. Arch. Occup. Environ. Health 2015, 89, 79–88.
[CrossRef] [PubMed]

2. Haanes, J.V.; Nordin, S.; Hillert, L.; Witthöft, M.; van Kamp, I.; van Thriel, C.; Van den Bergh, O. “Symptoms associated
with environmental factors” (SAEF)—Towards a paradigm shift regarding “idiopathic environmental intolerance” and related
phenomena. J. Psychosom. Res. 2020, 131, 109955. [CrossRef] [PubMed]

3. Rubin, G.J.; Nieto-Hernandez, R.; Wessely, S. Idiopathic environmental intolerance attributed to electromagnetic fields (formerly
‘electromagnetic hypersensitivity’): An updated systematic review of provocation studies. Bioelectromagnetics 2009, 31, 1–11.
[CrossRef]

http://doi.org/10.1007/s00420-015-1053-y
http://www.ncbi.nlm.nih.gov/pubmed/25917753
http://doi.org/10.1016/j.jpsychores.2020.109955
http://www.ncbi.nlm.nih.gov/pubmed/32058864
http://doi.org/10.1002/bem.20536


Int. J. Environ. Res. Public Health 2021, 18, 12296 8 of 10

4. Baliatsas, C.; van Kamp, I.; Swart, W.; Hooiveld, M.; Yzermans, J. Noise sensitivity: Symptoms, health status, illness behavior and
co-occurring environmental sensitivities. Environ. Res. 2016, 150, 8–13. [CrossRef] [PubMed]

5. Karvala, K.; Sainio, M.; Palmquist, E.; Claeson, A.-S.; Nyback, M.-H.; Nordin, S. Building-Related Environmental Intolerance and
Associated Health in the General Population. Int. J. Environ. Res. Public Health 2018, 15, 2047. [CrossRef] [PubMed]

6. Hetherington, L.; Battershill, J. Review of evidence for a toxicological mechanism of idiopathic environmental intolerance. Hum.
Exp. Toxicol. 2013, 32, 3–17. [CrossRef] [PubMed]

7. Schmiedchen, K.; Driessen, S.; Oftedal, G. Methodological limitations in experimental studies on symptom development in
individuals with idiopathic environmental intolerance attributed to electromagnetic fields (IEI-EMF)—A systematic review.
Environ. Health 2019, 18, 1–24. [CrossRef] [PubMed]

8. Dantoft, T.M.; Skovbjerg, S.; Andersson, L.; Claeson, A.-S.; Lind, N.; Nordin, S.; Brix, S. Inflammatory Mediator Profiling of
n-butanol Exposed Upper Airways in Individuals with Multiple Chemical Sensitivity. PLoS ONE 2015, 10, e0143534. [CrossRef]

9. Claeson, A.-S.; Gouveia-Figueira, S.; Häggström, J.; Fowler, C.J.; Nording, M.L. Levels of oxylipins, endocannabinoids and related
lipids in plasma before and after low-level exposure to acrolein in healthy individuals and individuals with chemical intolerance.
Prostaglandins Leukot. Essent. Fat. Acids 2017, 121, 60–67. [CrossRef]

10. Viziano, A.; Micarelli, A.; Pasquantonio, G.; DELLA Morte, D.; Alessandrini, M. Perspectives on multisensory perception
disruption in idiopathic environmental intolerance: A systematic review. Int. Arch. Occup. Environ. Health 2018, 91, 923–935.
[CrossRef]

11. Tran, M.T.D.; Skovbjerg, S.; Arendt-Nielsen, L.; Christensen, K.B.; Elberling, J. A randomised, placebo-controlled trial of
transcranial pulsed electromagnetic fields in patients with multiple chemical sensitivity. Acta Neuropsychiatr. 2016, 29, 267–277.
[CrossRef] [PubMed]

12. Azuma, K.; Uchiyama, I.; Tanigawa, M.; Bamba, I.; Azuma, M.; Takano, H.; Yoshikawa, T.; Sakabe, K. Chemical intolerance:
Involvement of brain function and networks after exposure to extrinsic stimuli perceived as hazardous. Environ. Health Prev. Med.
2019, 24, 61. [CrossRef] [PubMed]

13. Nordin, S. Mechanisms underlying nontoxic indoor air health problems: A review. Int. J. Hyg. Environ. Health 2020, 226, 113489.
[CrossRef] [PubMed]

14. Bartha, L. Multiple Chemical Sensitivity: A 1999 Consensus. Arch. Environ. Health An. Int. J. 1999, 54, 147–149.
15. Lacour, M.; Zunder, T.; Schmidtke, K.; Vaith, P.; Scheidt, C. Multiple Chemical Sensitivity Syndrome (MCS)—Suggestions for an

extension of the US MCS-case definition. Int. J. Hyg. Environ. Health 2005, 208, 141–151. [CrossRef] [PubMed]
16. Bailer, J.; Witthöft, M.; Rist, F. The Chemical Odor Sensitivity Scale: Reliability and validity of a screening instrument for idiopathic

environmental intolerance. J. Psychosom. Res. 2006, 61, 71–79. [CrossRef] [PubMed]
17. Andersson, M.J.E.; Andersson, L.; Bende, M.; Millqvist, E.; Nordin, S. The Idiopathic Environmental Intolerance Symptom

Inventory: Development, Evaluation, and Application. J. Occup. Environ. Med. 2009, 51, 838–847. [CrossRef] [PubMed]
18. Szarek, M.J.; Bell, I.R.; Schwartz, G.E. Validation of a brief screening measure of environmental chemical sensitivity: The chemical

odor intolerance index. J. Environ. Psychol. 1997, 17, 345–351. [CrossRef]
19. Haumann, K.; Kiesswetter, E.; Van Thriel, C.; Blaszkewicz, M.; Golka, K.; Seeber, A. Breathing and Heart Rate during Experimental

Solvent Exposure of Young Adults with Self-Reported Multiple Chemical Sensitivity (sMCS). NeuroToxicology 2003, 24, 179–186.
[CrossRef]

20. Palmer, R.F.; Jaén, C.R.; Perales, R.B.; Rincon, R.; Forster, J.N.; Miller, C.S. Three questions for identifying chemically intolerant
individuals in clinical and epidemiological populations: The Brief Environmental Exposure and Sensitivity Inventory (BREESI).
PLoS ONE 2020, 15, e0238296. [CrossRef] [PubMed]

21. Miller, C.S.; Prihoda, T.J. The Environmental Exposure and Sensitivity Inventory (EESI): A standardized approach for measuring
chemical intolerances for research and clinical applications. Toxicol. Ind. Health 1999, 15, 370–385. [CrossRef] [PubMed]

22. Heo, Y.; Kim, S.-H.; Lee, S.-K.; Kim, H.-A. Factors Contributing to the Self-Reported Prevalence of Multiple Chemical Sensitivity
in Public Facility Workers and the General Population of Korea. J. UOEH 2017, 39, 249–258. [CrossRef] [PubMed]

23. Alobid, I.; Nogué, S.; Izquierdo-Dominguez, A.; Centellas, S.; Bernal-Sprekelsen, M.; Mullol, J. Multiple chemical sensitivity
worsens quality of life and cognitive and sensorial features of sense of smell. Eur. Arch. Oto-Rhino-Laryngol. 2014, 271, 3203–3208.
[CrossRef] [PubMed]

24. Heinonen-Guzejev, M.; Koskenvuo, M.; Mussalo-Rauhamaa, H.; Vuorinen, H.S.; Heikkilä, K.; Kaprio, J. Noise sensitivity and
multiple chemical sensitivity scales: Properties in a population based epidemiological study. Noise Health 2012, 14, 215–223.
[CrossRef] [PubMed]

25. Hojo, S.; Mizukoshi, A.; Azuma, K.; Okumura, J.; Mizuki, M.; Miyata, M. New criteria for multiple chemical sensitivity based
on the Quick Environmental Exposure and Sensitivity Inventory developed in response to rapid changes in ongoing chemical
exposures among Japanese. PLoS ONE 2019, 14, e0215144. [CrossRef]

26. Jeong, I.; Kim, I.; Park, H.J.; Roh, J.; Park, J.-W.; Lee, J.-H. Allergic Diseases and Multiple Chemical Sensitivity in Korean Adults.
Allergy Asthma Immunol. Res. 2014, 6, 409–414. [CrossRef] [PubMed]

27. Nordin, S.; Andersson, L. Evaluation of a Swedish version of the Quick Environmental Exposure and Sensitivity Inventory. Int.
Arch. Occup. Environ. Health 2010, 83, 95–104. [CrossRef] [PubMed]

28. Skovbjerg, S.; Berg, N.D.; Elberling, J.; Christensen, K.B. Evaluation of the Quick Environmental Exposure and Sensitivity
Inventory in a Danish Population. J. Environ. Public Health 2012, 2012, 1–10. [CrossRef] [PubMed]

http://doi.org/10.1016/j.envres.2016.05.029
http://www.ncbi.nlm.nih.gov/pubmed/27232297
http://doi.org/10.3390/ijerph15092047
http://www.ncbi.nlm.nih.gov/pubmed/30235805
http://doi.org/10.1177/0960327112457189
http://www.ncbi.nlm.nih.gov/pubmed/23060407
http://doi.org/10.1186/s12940-019-0519-x
http://www.ncbi.nlm.nih.gov/pubmed/31640707
http://doi.org/10.1371/journal.pone.0143534
http://doi.org/10.1016/j.plefa.2017.06.004
http://doi.org/10.1007/s00420-018-1346-z
http://doi.org/10.1017/neu.2016.51
http://www.ncbi.nlm.nih.gov/pubmed/27919300
http://doi.org/10.1186/s12199-019-0816-6
http://www.ncbi.nlm.nih.gov/pubmed/31640568
http://doi.org/10.1016/j.ijheh.2020.113489
http://www.ncbi.nlm.nih.gov/pubmed/32163882
http://doi.org/10.1016/j.ijheh.2005.01.017
http://www.ncbi.nlm.nih.gov/pubmed/15971853
http://doi.org/10.1016/j.jpsychores.2005.11.005
http://www.ncbi.nlm.nih.gov/pubmed/16813848
http://doi.org/10.1097/JOM.0b013e3181a7f021
http://www.ncbi.nlm.nih.gov/pubmed/19542897
http://doi.org/10.1006/jevp.1997.0071
http://doi.org/10.1016/S0161-813X(02)00213-9
http://doi.org/10.1371/journal.pone.0238296
http://www.ncbi.nlm.nih.gov/pubmed/32936802
http://doi.org/10.1177/074823379901500311
http://www.ncbi.nlm.nih.gov/pubmed/10416289
http://doi.org/10.7888/juoeh.39.249
http://www.ncbi.nlm.nih.gov/pubmed/29249738
http://doi.org/10.1007/s00405-014-3015-5
http://www.ncbi.nlm.nih.gov/pubmed/24687801
http://doi.org/10.4103/1463-1741.102956
http://www.ncbi.nlm.nih.gov/pubmed/23117535
http://doi.org/10.1371/journal.pone.0215144
http://doi.org/10.4168/aair.2014.6.5.409
http://www.ncbi.nlm.nih.gov/pubmed/25228997
http://doi.org/10.1007/s00420-009-0427-4
http://www.ncbi.nlm.nih.gov/pubmed/19468745
http://doi.org/10.1155/2012/304314
http://www.ncbi.nlm.nih.gov/pubmed/22529872


Int. J. Environ. Res. Public Health 2021, 18, 12296 9 of 10

29. Rossi, S.; Pitidis, A. Multiple Chemical Sensitivity: Review of the State of the Art in Epidemiology, Diagnosis, and Future
Perspectives. J. Occup. Environ. Med. 2018, 60, 138–146. [CrossRef]

30. Katerndahl, D.A.; Bell, I.R.; Palmer, R.F.; Miller, C.S. Chemical intolerance in primary care settings: Prevalence, comorbidity, and
outcomes. Ann. Fam. Med. 2012, 10, 357–365. [CrossRef]

31. Vuokko, A.; Karvala, K.; Lampi, J.; Keski-Nisula, L.; Pasanen, M.; Voutilainen, R.; Pekkanen, J.; Sainio, M. Environmental
Intolerance, Symptoms and Disability Among Fertile-Aged Women. Int. J. Environ. Res. Public Health 2018, 15, 293. [CrossRef]

32. Steinemann, A. Chemical sensitivity, asthma, and effects from fragranced consumer products: National population study in
Sweden. Air Qual. Atmos. Health 2019, 12, 129–136. [CrossRef]

33. Johnson, D.; Colman, I. The association between multiple chemical sensitivity and mental illness: Evidence from a nationally
representative sample of Canadians. J. Psychosom. Res. 2017, 99, 40–44. [CrossRef] [PubMed]

34. Steinemann, A. National Prevalence and Effects of Multiple Chemical Sensitivities. J. Occup. Environ. Med. 2018, 60, e152–e156.
[CrossRef] [PubMed]

35. Bailer, J.; Witthöft, M.; Bayerl, C.; Rist, F. Syndrome stability and psychological predictors of symptom severity in idiopathic
environmental intolerance and somatoform disorders. Psychol. Med. 2007, 37, 271–281. [CrossRef]

36. Ternesten-Hasséus, E. Long-Term Follow-Up in Patients with Airway Chemical Intolerance. J. Occup. Environ. Med. 2016, 58,
421–426. [CrossRef] [PubMed]

37. Palmquist, E. Environmental Intolerance: Psychological Risk and Health Factors. Ph.D. Thesis, Umeå Universitet, Umeå, Sweden,
2017; p. 88. Available online: http://umu.diva-portal.org/ (accessed on 21 September 2021).

38. Driesen, L.; Patton, R.; John, M. The impact of multiple chemical sensitivity on people’s social and occupational functioning; a
systematic review of qualitative research studies. J. Psychosom. Res. 2020, 132, 109964. [CrossRef] [PubMed]

39. Caillaud, D.; Leynaert, B.; Keirsbulck, M.; Nadif, R.; Mould ANSES Working Group. Indoor mould exposure, asthma and rhinitis:
Findings from systematic reviews and recent longitudinal studies. Eur. Respir. Rev. 2018, 27, 170137. [CrossRef] [PubMed]

40. Wang, J.; Pindus, M.; Janson, C.; Sigsgaard, T.; Kim, J.-L.; Holm, M.; Sommar, J.; Orru, H.; Gislason, T.; Johannessen, A.; et al.
Dampness, mould, onset and remission of adult respiratory symptoms, asthma and rhinitis. Eur. Respir. J. 2019, 53, 1801921.
[CrossRef] [PubMed]

41. Karvala, K.; Toskala, E.; Luukkonen, R.; Uitti, J.; Lappalainen, S.; Nordman, H. Prolonged exposure to damp and moldy
workplaces and new-onset asthma. Int. Arch. Occup. Environ. Health 2011, 84, 713–721. [CrossRef] [PubMed]

42. Nynäs, P.; Vilpas, S.; Kankare, E.; Karjalainen, J.; Lehtimäki, L.; Numminen, J.; Tikkakoski, A.; Kleemola, L.; Uitti, J. Clinical
Findings among Patients with Respiratory Symptoms Related to Moisture Damage Exposure at the Workplace—The SAMDAW
Study. Healthcare 2021, 9, 1112. [CrossRef] [PubMed]

43. Claeson, A.-S.; Andersson, H.; Wikdahl, F.; Nyback, M.-H.; Nordin, S. Comorbidity of Airway Inflammatory Diseases in Chemical
and Building-Related Intolerance. J. Occup. Environ. Med. 2018, 60, 295–300. [CrossRef]

44. Nynäs, P.; Vilpas, S.; Kankare, E.; Karjalainen, J.; Lehtimäki, L.; Numminen, J.; Tikkakoski, A.; Kleemola, L.; Uitti, J. Observational
cross-sectional study on Symptoms Associated to Moisture DAmage at Workplace: The SAMDAW study protocol. BMJ Open
2019, 9, e026485. [CrossRef]

45. Karvala, K.; Sainio, M.; Palmquist, E.; Nyback, M.-H.; Nordin, S. Prevalence of various environmental intolerances in a Swedish
and Finnish general population. Environ. Res. 2018, 161, 220–228. [CrossRef]

46. Hojo, S.; Sakabe, K.; Ishikawa, S.; Miyata, M.; Kumano, H. Evaluation of subjective symptoms of Japanese patients with multiple
chemical sensitivity using QEESI(c). Environ. Health Prev. Med. 2009, 14, 267–275. [CrossRef]

47. Lind, N.; Söderholm, A.; Palmquist, E.; Andersson, L.; Millqvist, E.; Nordin, S. Comorbidity and Multimorbidity of Asthma and
Allergy and Intolerance to Chemicals and Certain Buildings. J. Occup. Environ. Med. 2017, 59, 80–84. [CrossRef]

48. Azuma, K.; Uchiyama, I.; Kunugita, N. Factors affecting self-reported chemical intolerance: A five-year follow-up study in Japan.
J. Psychosom. Res. 2019, 118, 1–8. [CrossRef] [PubMed]

49. Kreutzer, R.; Neutra, R.R.; Lashuay, N. Prevalence of people reporting sensitivities to chemicals in a population-based survey.
Am. J. Epidemiol. 1999, 150, 1–12. [CrossRef] [PubMed]

50. Kobal, G.; Klimek, L.; Wolfensberger, M.; Gudziol, H.; Temmel, A.; Owen, C.M.; Seeber, H.; Pauli, E.; Hummel, T. Multicenter
investigation of 1036 subjects using a standardized method for the assessment of olfactory function combining tests of odor
identification, odor discrimination, and olfactory thresholds. Eur. Arch. Oto-Rhino-Laryngol. 2000, 257, 205–211. [CrossRef]

51. Dömötör, Z.; Nordin, S.; Witthöft, M.; Köteles, F. Modern health worries: A systematic review. J. Psychosom. Res. 2019, 124, 109781.
[CrossRef]

52. Winder, C. Mechanisms of multiple chemical sensitivity. Toxicol. Lett. 2002, 128, 85–97. [CrossRef]
53. Brand, S.; Heller, P.; Bircher, A.J.; Braun-Fahrleander, C.; Huss, A.; Niederer, M.; Schwarzenbach, S.; Waeber, R.; Wegmann, L.;

Kuechenhoff, J. Patients with environment-related disorders: Comprehensive results of interdisciplinary diagnostics. Int. J. Hyg.
Environ. Health 2009, 212, 157–171. [CrossRef] [PubMed]

54. Skovbjerg, S.; Christensen, K.B.; Ebstrup, J.F.; Linneberg, A.; Zachariae, R.; Elberling, J. Negative affect is associated with
development and persistence of chemical intolerance: A prospective population-based study. J. Psychosom. Res. 2015, 78, 509–514.
[CrossRef]

http://doi.org/10.1097/JOM.0000000000001215
http://doi.org/10.1370/afm.1346
http://doi.org/10.3390/ijerph15020293
http://doi.org/10.1007/s11869-018-0640-y
http://doi.org/10.1016/j.jpsychores.2017.06.002
http://www.ncbi.nlm.nih.gov/pubmed/28712429
http://doi.org/10.1097/JOM.0000000000001272
http://www.ncbi.nlm.nih.gov/pubmed/29329146
http://doi.org/10.1017/S0033291706009354
http://doi.org/10.1097/JOM.0000000000000695
http://www.ncbi.nlm.nih.gov/pubmed/27058484
http://umu.diva-portal.org/
http://doi.org/10.1016/j.jpsychores.2020.109964
http://www.ncbi.nlm.nih.gov/pubmed/32114179
http://doi.org/10.1183/16000617.0137-2017
http://www.ncbi.nlm.nih.gov/pubmed/29769295
http://doi.org/10.1183/13993003.01921-2018
http://www.ncbi.nlm.nih.gov/pubmed/30880288
http://doi.org/10.1007/s00420-011-0677-9
http://www.ncbi.nlm.nih.gov/pubmed/21769455
http://doi.org/10.3390/healthcare9091112
http://www.ncbi.nlm.nih.gov/pubmed/34574886
http://doi.org/10.1097/JOM.0000000000001249
http://doi.org/10.1136/bmjopen-2018-026485
http://doi.org/10.1016/j.envres.2017.11.014
http://doi.org/10.1007/s12199-009-0095-8
http://doi.org/10.1097/JOM.0000000000000930
http://doi.org/10.1016/j.jpsychores.2019.01.001
http://www.ncbi.nlm.nih.gov/pubmed/30782347
http://doi.org/10.1093/oxfordjournals.aje.a009908
http://www.ncbi.nlm.nih.gov/pubmed/10400546
http://doi.org/10.1007/s004050050223
http://doi.org/10.1016/j.jpsychores.2019.109781
http://doi.org/10.1016/S0378-4274(01)00536-7
http://doi.org/10.1016/j.ijheh.2008.05.004
http://www.ncbi.nlm.nih.gov/pubmed/18672398
http://doi.org/10.1016/j.jpsychores.2015.02.005


Int. J. Environ. Res. Public Health 2021, 18, 12296 10 of 10

55. Hauge, C.R.; Rasmussen, A.; Piet, J.; Bonde, J.P.; Jensen, C.; Sumbundu, A.; Skovbjerg, S. Mindfulness-based cognitive therapy
(MBCT) for multiple chemical sensitivity (MCS): Results from a randomized controlled trial with 1year follow-up. J. Psychosom.
Res. 2015, 79, 628–634. [CrossRef]

56. Selinheimo, S.; Vuokko, A.; Hublin, C.; Järnefelt, H.; Karvala, K.; Sainio, M.; Suojalehto, H.; Paunio, T. Psychosocial treatments for
employees with non-specific and persistent physical symptoms associated with indoor air: A randomised controlled trial with a
one-year follow-up. J. Psychosom. Res. 2020, 131, 109962. [CrossRef] [PubMed]

57. Hojo, S.; Kumano, H.; Yoshino, H.; Kakuta, K.; Ishikawa, S. Application of Quick Environment Exposure Sensitivity Inventory
(QEESI©) for Japanese population: Study of reliability and validity of the questionnaire. Toxicol. Ind. Health 2003, 19, 41–49.
[CrossRef] [PubMed]

http://doi.org/10.1016/j.jpsychores.2015.06.010
http://doi.org/10.1016/j.jpsychores.2020.109962
http://www.ncbi.nlm.nih.gov/pubmed/32078837
http://doi.org/10.1191/0748233703th180oa
http://www.ncbi.nlm.nih.gov/pubmed/15697173

	Introduction 
	Materials and Methods 
	Results 
	Study Patients’ QEESI© Results 
	Comparison of QEESI© Results between Study Patients and Controls 
	Comparison of QEESI© Results between Women and Men among Population Controls 
	Comparison of QEESI© Results between Population Controls Working and off Work and between Study Patients and Working Controls 

	Discussion 
	Conclusions 
	References

