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Background: Multiple Chemical Sensitivity (MCS) is an acquired disease which etiology remains un-
known. It is characterized by the development of sensitivity to certain chemical products.
Most of the hypotheses formulated to explain the syndrome associate it to a previous exposition to some
kind of volatile chemical. University researchers in chemical laboratories suffer a phenomenon of multi-
exposition to chemical agents at low concentration during long periods of time although in an irregular
form. Many of these chemical agents have similar properties to those suspicious of causing MCS. This
article studies the prevalence of MCS in laboratory researchers.
Methods: The study group is university researchers in chemical laboratories. The control group was
obtained from administrative personnel who work in the same universities and therefore, are not
exposed to chemical products from the laboratories, but have the same exposition to the rest of envi-
ronmental polluting agents from the area and from the buildings of the university. In this study, it is used
the Quick Environmental Exposure and Sensitivity Inventory (QEESI) (sensitivity of 92%/specificity of
95%).
Results: The results showed that the prevalence of MCS for the university researchers is not related to
exposition by inhalation to multiple chemical agents, at low concentration.
Conclusions: The results disagree with one of the main etiological hypotheses of MCS, which is based on
the existence of hypersensitive people, who presents a response after prolonged expositions to very low
concentrations during a long period of time.
� 2018 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction 2. Symptoms recur reproducibly and affect the nervous system,
Multiple chemical sensitivity (MCS) is an acquired disease that is
characterized by the progressive loss of tolerance to the environ-
mental presence of diverse chemical agents such as domestic
cleaning products, colognes, perfumes, air fresheners, solvent, or
hydrocarbons. In 2011, the Spanish Health Ministry has adopted a
scientific consensus for MCS as a complex syndrome that appears like
a set of symptoms tied with an ample variety of environmental agents
and components. These reactions appear under exposition levels
commonly tolerated by most people [1]. The consensus criteria
published by the Helen Dwight Reid Educational Foundation in
1999 [2] and a review of Lacour in 2005 [3] established six defini-
tion criteria for this disease:

1. Chronic condition lasting more than 6 months and causing
deterioration of lifestyle and body functions;
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with a characteristic hypersensitivity to odors;
3. Central nervous system and at least one other system

involvement;
4. Responses induced after low levels of exposure;
5. Responses to multiple unrelated chemicals;
6. Improvement or resolution after removal of exposure.

Despite numerous investigations on the MCS, the etiology of the
syndrome remains unknown. There are diverse hypotheses on its
etiology, most of them being associated to a previous exposition to
certain chemical agents. According to these hypotheses, when
some people are exposed to certain chemical agents, by an un-
known mechanism, this exposition causes a process of loss of
tolerance toward some chemical agents. This intolerance is not only
to the chemicals which the personwas exposed to but also to other
chemicals as well. After this process, the affected people will
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become sensitive to very low concentrations of several chemical
products, whereas the rest of the people would tolerate them
without trouble. This study assumes the hypothesis that people
suffer a mechanism of sensitizing after being exposed intermit-
tently to very lowconcentration of certain volatile chemicals during
long periods of time (years of exposition).

In relation with the symptomatology, among the persons
affected by the syndrome, there is a wide variety of symptoms and
in the intensity of such symptoms. In the study of Eisa et al (2008)
[4], it was concluded that there are effects to the respiratory system,
the muscleeskeletal system, the cardiovascular system, the
gastrointestinal tract, the mucous and the skin, and the sensorial
system.

In addition, there could be several parameters that influence the
prevalence of MCS, such as [1] sex, motherhood, pregnancy, age,
allergies [5] or asthma, and atopic skin [6] among others medically
diagnosed. Equally, there can be found psychosocial factors with
the same presumed influence such as, for example, job satisfaction.

This article tries to increase the knowledge on this syndrome,
studying its prevalence in a very specific group of workers. The
group selected comprises university researchers in chemical labo-
ratories. Indeed, the university personnel who work in laboratories
of investigation with chemical products suffer a phenomenon of
multiexposition [7,8] to chemical agents at very low concentrations
and by different routes, not only inhalation. These people are nor-
mally exposed to a wide variety of chemical agents, which com-
prises many chemicals that have similar chemical properties to
those suspicious of causing MCS [9]. This exposition stays, although
in an irregular form, during long periods, normally years, or even
decades [10]. The members of the control group were chosen
among the personnel who work in the same universities, but who
only carry out administrative tasks, and, therefore, are not exposed
to chemical products from the laboratories but have the same
exposition to the rest of the environmental polluting agents from
the area and from the buildings of the university. Therefore, the
goal of this work is to detect differences in the prevalence of the
syndrome between groups exposed to chemical agents during
work in the laboratories and those who are not.

In the scientific bibliography, several theories about the possible
causes of MCS can be found. The main hypothesis relates the
prevalence of MCS with the exposition to multiple chemical agents
at a low or very low concentration (limit of standardized detection
systems) in air and always below the threshold limit values. The
objective of this study is to test the hypothesis: the relationship
between the long-term exposition to chemical agents and the in-
crease in the prevalence of the MCS in the university researchers in
chemical laboratories.

The researchers in biology and chemistry are exposed
throughout their careers to a great diversity of chemical agents at
low concentrations in air. That is the reason why the study of the
prevalence of the syndrome in this group presents great interest to
assess the importance of the chemical exposition hypothesis in the
etiology of the MCS.

In this study, we describe the study participants, methods, and
statistically significant results for our sample, which are later
compared with other studies’ results. Finally, we assess the main
limitations to our study, and we highlight the main conclusions.

2. Materials and methods

The individuals studied are employees from two Universities of
the province of Alicante, in Spain: the University of Alicante and the
University Miguel Hernández de Elche. A total of 1,084 questionnaires
were distributed among the two universities’ employees: 446 in
the University of Alicante (UA) and 638 in the University Miguel
Hernandez of Elche (UMH), and 514 of them were received com-
plete. The distribution of valid questionnaires by university was 219
for UA and 295 for the UMH.

Twenty groups of investigation from the UA from the disciplines
of chemical sciences and chemical engineering participated in the
study; furthermore, the members of the three units of technical
services of investigation also participated in the study. Overall, from
the 285 members of the former units, 128 valid questionnaires
were received, which indicates a participation of 44.91%.

Forty groups of investigation from the UMH participated. These
groupsworked in disciplines related to bioengineering, neuroscience,
environmental chemistry, vegetal production, pharmacology, and
physiology. Furthermore, the technicians from the Medicine and
Pharmacy faculties andthose fromthePolytechnic Schoolof Elchealso
participated. From the 415 members of these units, 159 valid ques-
tionnaires were received, which indicates a participation of 38.31%.

The data were collected in two phases. In the first phase, from
June 2011 to October 2011, 400 questionnaires were received. After
analyzing the results of the first phase, the necessity for extending
the number of participants was detected (to improve the statistical
validity of the conclusions). Then, it was delivered in the second
phase, from January 2012 to May 2012, after which a total of 514
valid questionnaires were reached. The questionnaires were
distributed in paper with an explanatory letter of the purpose of the
investigation. A verbal explanation about the questionnaire was
given at the moment of distributing the questionnaires. The par-
ticipants were always informed that the questionnaires were
anonymous and that the purpose of the analysis was collective and
not individual, after which the consent of the participant was
received. The only information collected about the origin of the
questionnaire was the university and the unit (service, department
or group of investigation) from which it comes. The research was
completed in accordance with the Declaration of Helsinki. No limit
of time was given to answer the questionnaire although all the
questionnaires were returned before 3 weeks after delivery. To
assure the anonymity of the questionnaire, all the questionnaires
were returned by mail without identification of the sender to the
following addresses: those from the personnel of the UMH to the
Department of Psychology of the UMH, and those from the
personnel of the UA to the Health and Safety Department of the UA.

There is no objective clinical test to diagnoseMCS, which has led
to the development of several questionnaires to help diagnoseMCS.
The questionnaire used as international reference is the Environ-
mental Exposure and Sensitivity Inventory and specifically its
shorter version the Quick Environmental Exposure and Sensitivity
Inventory (QEESI). This questionnaire was first written in English
[11] and later translated into different languages to be used in
different countries and regions of the world. In this study, the
questionnaire used has been translated and validated to Spanish by
Fernandez-Solà and Nogué, (2007) [12]. The data of this question-
naire will be used for investigation, characterization, and compar-
ison of the study populations, the exposition group and control
group. The QEESI has five scales: symptom severity, chemical
intolerance, other intolerance, life impact, and masking index. Ac-
cording to the score in the first three scales of the questionnaire, the
sensitive individuals to MCS will be differentiated from the
nonsensitive ones. The other two scales would help to identify the
severity of the affectation (life impact) and the exposition to agents
that mask the symptoms of MCS (masking index).

This questionnaire has demonstrated in several studies internal
consistency, reliability in the reexamination, and concurrent val-
idity [13]. Integration is made in such a way that, used altogether,
the resulting scales provide a sensitivity of 92% and a specificity of
95% in the differentiation of individuals affected by MCS from the
nonsensitive persons.



Table 3
Proportion of sensitive and nonsensitive people in each university and in each group.

Frequencies and percentages University of origin Exposition

UA UMH Total Control
group

Exposition
group

Total

No. of sensitive individuals 28 25 53 29 24 53

Table 1
Distribution of the sample in each one of the studied parameters.

Variable Value No. Percentage % women

Group of exposition Control 233 45.3
Exposition 281 54.6

Gender Man 223 43.4
Woman 289 56.2
Not answered 2 0.4

Age Under 30 y 77 15.0
Between 30 y & 50 y. 375 73.0
Above 50 years 60 11.7
Not answered 2 0.4

Has given birth to
at least one child*

Yes 139 27.0 48.1
No 149 29.0 51.6
Not answered 1 0.2 0.4
NA (men) 225 43.8

Allergic or asthmatic Yes 147 28.6
No 363 70.6
Not answered 4 0.8

Atopic skin Yes 69 13.4
No 440 85.6
Not answered 5 1.0

Pregnant* Yes 9 1.7 3.1
No 279 54.3 96.5
Not answered 1 0.2 0.4
NA (men) 225 43.8

* From the collective of women.
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The scores of the scales to differentiate between the sensitive
personnel and the nonsensitive one were collected from the orig-
inal article from Miller and Prihoda [11].

The data were analyzed using the program SPSS version 16
statistical software (SPSS Inc., Chicago, Il, USA) (Statistical Package
for Social Sciences) for Windows v.16.0 [14] using tools for quali-
tative and quantitative variables, as it is detailed in the section of
results.

3. Results

3.1. Characterization of the sample

Table 1 summarizes the distribution of the sample in each one of
the studied parameters, whereas Table 2 compares the values of the
two groups, exposition and control. The control group contains 233
participants (45.33%), whereas the exposition group contains 281
Table 2
Comparison between laboratory workers and the control group.

Laboratory workers Control group

No. Percentage No. Percentage

Gender Man 129 45.91 94 40.34
Woman 151 53.74 138 59.23
Not answered 1 0.36 1 0.43

Age Under 30 y 67 23.84 10 7.09
Between
30 y & 50 y.

183 65.12 192 82.40

Above 50 y 31 11.03 29 12.45
Not answered 0 0.00 2 0.86

Has given birth
to at least one child*

Yes 56 37.09 83 60.14
No 95 62.91 54 39.13
Not answered 0 0.00 1 0.72

Allergic or asthmatic Yes 82 29.18 65 27.90
No 198 70.46 165 70.82
Not answered 1 0.36 3 1.29

Atopic skin Yes 29 10.32 40 17.17
No 251 89.32 189 81.12
Not answered 1 0.36 4 1.72

Pregnant* Yes 5 3.31 4 2.90
No 145 96.03 134 97.10
Not answered 1 0.66 0 0.00

* From the collective of women.
(54.67%). The distribution by gender was the following: 223 of the
participants were men (43.39%) and 289 were women (56.23%).
Only in two questionnaires, the sex was not indicated. Among
women, ninewere pregnant, 279 were not, and one did not answer.
In addition, 139 had had at least one baby, whereas 149 hadn’t had
one at all, and one did not answer.

In relation to age, the data were grouped into the three cate-
gories; 77 participants (14.98%) aged less than 30 years, 375 par-
ticipants (72.96%) aged between 30 and 50 years, and 60 (11.97%)
aged above 50 years, whereas two participants did not answer
(0.39%).

Among all the participants, there were 147 asthmatic or allergic
people (medically diagnosed and treated in the last 10 years by a
doctor) (28.6%), 363 who were not (70.62%), and four who did not
answer (0.78%). In relation to the atopic skin, 69 persons declared
atopic skin (medically diagnosed and treated in the last 10 years by
a doctor) (13.42%), whereas 440 did not (85.6%), and five did not
answer (0.97%).
3.2. Characteristics of the scales of the QEESI

The scales of the QEESI are quantitative; therefore, to establish
relations with nominal variables, a t test should be used. For the
study of normality and independence of the scales of QEESI ques-
tionnaire, the KolmogoroveSmirnov function and the runs test were
used, respectively. It was appraised that all the scales associated
with the questionnaire QEESI do not have normal distribution,
except for the scale “other intolerance.” In addition, all the scales
are independent, except for the variable “masking.”

From the previous results, it is concluded that for the scale
“other intolerance,” the t test can be used. The rest of the scales do
not have a normal distribution, and therefore, the t test cannot be
applied; instead, the ManneWhitney U test was used.
No. of nonsensitive individuals 191 270 461 204 257 461

% sensitive individuals from
each university

52.8 47.2 100 54.7 45.3 100

% nonsensitive individuals in
each university

87.2 91.5 89.7 87.6 91.5 89.7

% sensitive individuals in
each university

12.8 8.5 10.3 12.5 8.5 10.3

No. of individualss 219 295 514 233 281 514

% individuals from each
university

42.6 57.4 100 45.3 54.7 100

UA, University of Alicante; UMH, University Miguel Hernandez.

Table 4
Relationships between MCS prevalence and the variables: group of the study
(exposition or control), sex, and university of origin.

Variable Value Grades of
freedom

Asymptotic
significance

<0.05 Estimated
minimum

value

>5

Group: exposition
or control

2.101 1 0.147 Not 24.03 Yes

Sex 0.372 1 0.542 Not 23.08 Yes

University: UA
or UMH

2.526 1 0.112 Not 22.58 Yes

UA, University of Alicante; UMH, University Miguel Hernandez.



Table 5
Means of the scales of the QEESI questionnaire, combining the university of origin, UMH or UA, and the group of the subject, control or exposition.

Collective Parameters Chemical intolerance Other intolerance Symptom severity Masking Life impact

Control & UA group Mean 41.38 40.93 27.56 5.26 11.64
N 91 91 91 91 91
SD 25.79 17.44 19.95 1.72 14.56

Control & UMH group Mean 42.68 40.10 18.49 4.68 8.44
N 142 142 142 142 141
SD 25.97 17.44 16.16 1.78 13.24

Exposition & UA group Mean 43.44 35.90 19.31 5.57 10.72
N 128 128 128 128 127
SD 23.87 17.73 16.92 1.48 16.03

Exposition & UMH group Mean 40.82 36.11 17.21 5.59 9.67
N 153 153 153 153 152
SD 25.60 17.11 16.09 1.59 15.11

Total Mean 42.09 38.01 19.92 5.28 9.94
N 514 514 514 514 511
SD 25.27 17.51 17.39 1.68 14.76

QEESI, Quick Environmental Exposure and Sensitivity Inventory; SD, standard deviation; UA, University of Alicante; UMH, University Miguel Hernandez.
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3.3. Relationship between the university of origin and the group of
exposition with the prevalence of the MCS

When the relationship between the university of origin and the
prevalence of MCS is studied, it is found that the percentage of
sensitive individuals is similar. The results are shown in Table 3.

The relationship between the group of the study, exposition or
control, and the prevalence of MCS shows that there is a greater
percentage of sensitive individuals in the control group than in the
exposition one. The results are shown in Table 3.

The statistical support for the differences observed in the
prevalence shows that the prevalence of the MCS and each one of
the following variables are independent:

- University where the individual works.
- Group of the individual (exposition or control) although a
tendency toward a greater sensitivity in the control group is
appraised.

The results obtained are shown in Table 4.

3.4. Relationships of each of the scales of the QEESI questionnaire

Table 5 shows the averages of the scales of the QEESI ques-
tionnaire divided into four subgroups. The subgroups come from
grouping the participants combining the university of origin, UMH
or UA, with the exposition, control or exposed.

From the observation of the distribution of the data of the scores
of the different QEESI scales, it was found that

- The scale “chemical intolerance” has similar scores in each one
of the subgroups.
Table 6
Study of the scale “other intolerance”

Test of Levene for the
equity of variances

F Sig. t

Exposition Assuming equal variances 0.324 0.570 2.863 51
Different variances 2.863 49

Sex Assuming equal variances 3.235 0.073 5.063 51
Different variances 5.013 45

University Assuming equal variances 0.000 0.983 �0.025 51
Different variances �0.025 46
- The scale “other intolerances” has higher scores in the two
control subgroups.

- In the scale “symptom severity,” the control & UA subgroup has
higher scores than the rest of subgroups.

- For the scale “masking,” there is a remarkable difference be-
tween the scores of the two control subgroups, the one from
the UA scores higher than the one from the UMH. The control
subgroup of the UMH scores lower than the rest. In addition,
the scores between the two exposition subgroups are very
similar; UA, 5.58 and UMH, 5.59.

- The scale “life impact” presents similar scores in all the sub-
groups, except for the control & UMH group, which has lower
scores than the rest.

To discover the possible relations of the different scales of the
QEESI and the studied population, the relations of each QEESI scale
and the following parameters, university of origin and the group
(control or exposition), were studied.

In the point of the section “Characteristics of the scales of the
QEESI”, it is explained that to study the relationship between be-
ing a sensitive individual to MCS and the scales of the QEESI
questionnaire, different functions should be used. In particular,
for the scale “other intolerance,” the t test can be used. For the
rest of the scales, as they do not have normal distribution, it is
not possible to apply the t test. As an alternative to the t test, we
should use nonparametric tests, in particular, the ManneWhitney
function.

First, wewill proceed with the scale “other intolerance” using a t
test. Table 6 shows the results obtained for this scale. Later, the rest
of the scales will be analyzed using nonparametric functions.

From Table 6, it can be affirmed that in all cases, the test of
Levene result is greater than 0.05, so it can be assumed that there
t test

df Sig. (2-Tails) Mean
differences

Std. error of
the difference

Confidence interval

Lower Upper

2.000 0.004 4.411 1.540 1.384 7.437
4.106 0.004 4.411 1.541 1.383 7.438

0.000 0.000 7.716 1.524 4.722 10.710
8.134 0.000 7.716 1.539 4.691 10.741

2.000 0.980 �0.040 1.563 �3.111 3.031
4.051 0.980 �0.040 1.568 �3.121 3.042



Table 7
Study of the rest of the scales of the QEESI questionnaire in relation to the group of the subject, control or exposition; the sex of the subject; and the university of origin, UA or
UMH

Parameter Chemical intolerance Symptoms severity Masking Life impact

Exposition ManneWhitney U 32568.5 28688 25062.5 31259.5
Wilcoxon W 72189.5 68309 52323.5 70319.5
Z �0.1002 �2.4165 �4.6525 �0.6823
Asymptotic bilateral significance 0.9202 0.0157 0.0000 0.4951

Sex ManneWhitney U 26548 29304.5 29814.5 27359.5
Wilcoxon W 51524 54280.5 71719.5 51890.5
Z �3.4197 �1.7596 �1.4750 �2.8483
Asymptotic bilateral significance 0.0006 0.0785 0.1402 0.0044

University ManneWhitney U 31713.5 27094 28740.5 29360.5
Wilcoxon W 75373.5 70754 72400.5 72431.5
Z �0.3538 �3.1297 �2.1740 �1.6022
Asymptotic bilateral significance 0.7235 0.0017 0.0297 0.1091
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exists an equality of variances. In addition, the scale “other intol-
erance” is independent of the university of origin. Nevertheless, the
scale “other intolerance” is dependent on the exposition of the
individual (control or exposition). Higher scores are obtained in the
control group.

The rest of the scales will be analyzed using nonparametric
functions. Table 7 summarizes the results obtained in relation to
the group of the individual (control or exposition), sex (male or
female), and university of origin (UA or UMH).

The results shown in Table 7 concluded that the scales of the
QEESI questionnaire “symptom severity” and “masking” are
dependent on the exposition of the individual. For the scale
“symptom severity”, the individuals of the control group score
higher, whereas for the scale “masking,” those of the exposition
group have a greater score. In relation to the sex of the individuals,
it can be said that the scales of the QEESI questionnaire “chemical
intolerance” and “life impact” are dependent on the sex of the in-
dividual, with the women achieving greater scores than men in
both scales.

It is also found that the scales of the QEESI questionnaire
“symptom severity” and “masking” are dependent on the univer-
sity of origin (UA or UMH) of the individual. In both the cases, in-
dividuals from the UA obtain a greater score in the scales.

4. Discussion

The prevalence of the MCS and the group, exposition or control,
are two independent parameters (Table 4) although there is a
tendency toward a greater prevalence in the control group
(Table 3).

There is no association between sex and prevalence of the MCS
either. This result contradicts most of the studies on the individual
although in those studies women were affected more often than
men, with a range of percentages from 55% of the affected people
being women to 100%, with a mean of 81.5% [1].

If the scales of the QEESI are studied separately, it is found that
the following scales are dependent on the exposition of the in-
dividuals (Tables 6 and 7):

- Other exposures: The control group has greater scores.
- Symptom severity: The control group has greater scores.
- Masking: The exposition group has greater scores.

From the differences in the scores in the scales “other in-
tolerances” and “symptom severity”, the individuals of the control
group are potentially more affected by the associated symptoms to
the MCS than those of the exposition group. Nevertheless, the third
scale needed for considering an individual sensitive, “chemical
intolerance”, does not present this relationship. The explanation
could be found in the score’s differences of the scale “symptom
severity” between the control groups of the UA (27.56) opposed to
the rest of individuals (18.27). Therefore, the control group of the
UA is the one that generates this abnormal score in the symptom
severity scale. For the scale “other intolerances,” the values of the
control groups of the UA and UMH are very similar, and they are as
well very different from the values of the exposition group, either
UA or UMH (Table 5).

Taking into account the possible masking effects, it is observed
that the exposition group has a greater score in the scale “masking”
than the control group. This implies that it suffers from a greater
camouflage of the symptoms, and this could possibly lead to an
underassessment of MCS prevalence in the exposition group. This
difference is generated by the score of the control group of the UMH
(4.68) which is quite below the one of the exposition group as a
whole (5.58). The control group of the UA presents a masking score
(5.26) superior to the control group as a whole (4.9); therefore, the
masking effect does not generate the previously exposed high score
in the scale “symptom severity.” Within the exposition group, the
numbers for the UA (5.58) and the UMH (5.59) are very similar, as
observed in Table 5.

Therefore, it is possible to conclude that the results obtained
indicate that MCS sensitivity is not related to the exposition by
inhalation of multiple chemical agents at a low or very low
concentration as the individuals of the exposition group are
exposed. This relates to the existing hypotheses on the etiology of
MCS in the following ways:

- It supports the hypothesis of the necessity of relatively elevated
expositions to chemical agents to trigger the MCS [15].

- Nevertheless, it is contradictory to the hypothesis that relates
MCS to a repeated exposition to very low concentrations of
chemicals. This hypothesis is represented in the form of a
doseeresponse curve that tends to zero (zero persons affected
as the dose tends to zero), generating a long tail, in which the
individuals’ hypersensitivity could be found [5].

- The results match the study of Chun et al [16] which is based
on employees of the construction sector in which the in-
dividuals were divided in three groups, attending their degree
of exposition to chemical agents in their work; workers that
work outside, workers that work inside the building (close
space) and clerks (from the construction firms). The group
more exposed was the one with the interior workers. Never-
theless, the group more affected by MCS was the one with the
clerks.

Further studies could be proposed to increase the knowledge on
the MCS prevalence, for example, the study on workers exposed to
recurrent high concentrations of volatile chemicals with irritant
effects. It is suspected that this group of workers could present
much higher prevalence than the general population [17].



Saf Health Work 2018;9:473e478478
5. Conclusions

1. The prevalence of MCS among the university researchers of the
chemical or biological laboratories in our sample is not related
to exposition by inhalation of multiple chemical agents at a low
or very low concentration (limit of detection systems) and al-
ways below the threshold limit values. Prolonged expositions
by inhalation of several polluting chemicals coming from uni-
versity research laboratories, in concentrations well below the
limits to be considered safe to avoid their well-known non-
stochastic effects, are not correlated with the prevalence of the
MCS.

2. Therefore, the obtained results disagree with one of the main
etiological hypotheses of MCS, which is based on the existence
of hypersensitive people who present a response after pro-
longed expositions to concentrations well below the necessary
ones to cause the conventional nonstochastic effects.

Finally, some limitations to this study should be assessed. First,
it should be noticed that the study does not approach other types of
expositions to chemical agents which could be related to the causes
of this syndrome as the accidental exposition to high concentra-
tions of volatile chemicals. Second, the population studied is
limited to a specific geographical area, and the number of partici-
pants is not big enough for a more detailed study among the sub-
groups. Third, there are differences in the percentages of
individuals with atopic skin between the control group and the
laboratory workers, and the proportion of women who had given
birth to at least one child (Table 2), in both the cases, is higher in the
control group. These factors could have influence in the prevalence
of MCS. Furthermore, the individuals’ job history was not revised,
which could mean there are potential confounders that can be
assessed in further studies. Nonetheless, environmental exposures
and lifestyle factors are similar in both groups, so it is less likely
there is any confounding factor among them. In addition, it should
be noticed that as there is no objective clinical test to diagnoseMCS,
the questionnaire QEESI was used, but this one has demonstrated in
several studies internal consistency, reliability in the reexamina-
tion, and concurrent validity [13] (sensitivity of 92% and a speci-
ficity of 95% in the differentiation of individuals affected by MCS
from nonsensitive persons). Finally, the exposition to significant
doses of chemical agents by ingestion or by skin contact has not
been considered.
Conflicts of interest

All authors declare no conflicts of interest.

References

[1] Documento de consenso. Sensibilidad Química Múltiple. Madrid: Gobierno de
España. Ministerio de Sanidad. Política Social e Igualdad; 2011.

[2] Helen Dwight Reid Educational Foundation. Multiple chemical sensitivity: a
1999 consensus. Arch Environ Health 1999;54(3):147e9.

[3] Lacour M, Zunder T, Schmidtkle K, Vaith P, Scheidt C. Multiple Chemical
Sensitivity Syndrome (MCS) e suggestions for an extension of the US MCS-
case definition. Int J Hyg Environ Health 2005;208:141e51. https://doi.org/
10.1016/j.ijheh.2005.01.017.

[4] Eisa D, Helm D, Mühlinghaus T, Birkner N, Dietel A, Eikmann T, Gieler U,
Herr C, Lacour M, Nowak D, Pedrosa Gil F, Podoll K, Renner B, Wiesmüllerb GA,
Worm M. The German Multicentre Study on Multiple Chemical Sensitivity
(MCS). Int J Hyg Environ Health 2008;211:658e81. https://doi.org/10.1016/
j.ijheh.2008.03.002.

[5] Winder C. Mechanisms of multiple chemical sensitivity. Toxicol Lett
2002;128:85e97.

[6] Caress SM, Steinemann AC. National prevalence of asthma and chemical hy-
persensitivity: an examination of potential overlap. J Occup Environ Med
2005;47(5):518e22.

[7] Almeida MFM, Ferrari I, Luna H. Chromosomal aberration analysis in workers
exposed to chemical and biological hazards in research laboratories. Environ
Res 2005;97:330e4.

[8] Pérez J. Estudio del síndrome de sensibilidad química múltiple en trabajadores
de laboratorios universitarios [Master’s thesis]. Elche: Universidad Miguel
Hernandez. 2016. https://dialnet.unirioja.es/servlet/tesis?codigo¼54076.
[Accessed 15 July 2017].

[9] Nogué X, Dueñas A, Ferrer A, Fernández J. Sensibilidad química múltiple. Med
Clínic 2011;136(15):683e7.

[10] Kauppinen T, Pukkala E, Saalo A, Sasco AJ. Exposure to chemical carcinogens
and risk of cancer among Finnish laboratory workers. Am J Ind Med 2003;44:
343e50.

[11] Miller CS, Prihoda TJ. The Environmental Exposure and Sensitivity Inventory
(EESI): a standardized approach for measuring chemical intolerances for
research and clinical applications. Toxicilogy Ind Health 1999;15:370e85.
https://doi.org/10.1177/074823379901500311.

[12] Fernandez-Solà J, Nogué S. Sensibilidad química y ambiental múltiple. JANO
2007;1662:27e30.

[13] Andersson MJ, Andersson L, Mats B, Millqvist E, Nordin S. The idiopathic
environmental intolerance symptom inventory: development, evaluation, and
application. J Occup Environ Med 2009;51(7):838e47.

[14] SPSS for Windows, version 16.0. Chicago: SPSS Inc; 2007.
[15] Ortega A. Sensibilidad a múltiples compuestos, una enfermedad comúnmente

inadvertida. Med Clínic 2005;125:257e62.
[16] Chun C, Sung K, Kim E, Park J. Self-reported multiple chemical sensitivity

symptoms and personal volatile organic compounds exposure concentrations
in construction workers. Build Environ 2010;45:901e6. https://doi.org/
10.1016/j.buildenv.2009.09.008.

[17] Nogué S, Fernández-Solá J, Rovira E, Montori E, Fernández-Huerta JM,
Munné P. Multiple chemical sensitivity: study of 52 cases. Med Clínic
2007;129(3):96e9.

http://refhub.elsevier.com/S2093-7911(17)30404-3/sref1
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref1
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref2
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref2
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref2
https://doi.org/10.1016/j.ijheh.2005.01.017
https://doi.org/10.1016/j.ijheh.2005.01.017
https://doi.org/10.1016/j.ijheh.2008.03.002
https://doi.org/10.1016/j.ijheh.2008.03.002
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref5
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref5
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref5
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref6
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref6
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref6
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref6
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref7
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref7
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref7
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref7
https://dialnet.unirioja.es/servlet/tesis?codigo=54076
https://dialnet.unirioja.es/servlet/tesis?codigo=54076
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref9
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref9
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref9
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref10
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref10
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref10
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref10
https://doi.org/10.1177/074823379901500311
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref12
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref12
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref12
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref13
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref13
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref13
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref13
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref14
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref15
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref15
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref15
https://doi.org/10.1016/j.buildenv.2009.09.008
https://doi.org/10.1016/j.buildenv.2009.09.008
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref17
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref17
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref17
http://refhub.elsevier.com/S2093-7911(17)30404-3/sref17

	Multiple Chemical Sensitivity in Chemical Laboratory Workers
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Characterization of the sample
	3.2. Characteristics of the scales of the QEESI
	3.3. Relationship between the university of origin and the group of exposition with the prevalence of the MCS
	3.4. Relationships of each of the scales of the QEESI questionnaire

	4. Discussion
	5. Conclusions
	Conflicts of interest
	References


