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Abstract

Objectives Idiopathic environmental intolerance (IEI) is a
disorder characterized by non-specific symptoms attributed
to common airborne chemicals. Increasing evidence points
to an association between IEI and symptoms of psycholog-
ical distress. However, whether other risk factors influence
this association has not been clarified. The objective of this
study was to examine the association between psychological
distress and IEI and to determine whether the association is
confounded by social support and major life events.
Methods Data were collected by postal questionnaires;
other results from the study have been published previously
in this journal. The study included participants from a
general population-based study who had reported symp-
toms of chemical sensitivities (n = 787) and two patient
groups. The first patient group (n = 101) included indi-
viduals who had contacted the Danish Research Centre for
Chemical Sensitivities, and the second included individuals
who had been diagnosed with environmental intolerance
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(n = 136). Multiple, hierarchical linear regression analyses
were conducted with four IEI-related domains, i.e.,
mucosal and CNS symptoms, chemical intolerances and
social consequences, as the dependent variables, and psy-
chological distress, social support and major life events as
the independent variables.

Results Our study confirmed positive and statistically
significant associations between psychological distress and
IEI. The associations remained statistically significant after
adjusting for major life events and social support.
Conclusions The results suggest that the association
between IEI and psychological distress cannot be explained
by known risk factors. More studies, including longitudinal
studies, are needed to determine the role of psychological
distress in the development and course of IEI.

Keywords Depressive symptoms - Idiopathic
environmental intolerance - Psychological distress -
Social networks - Major life events

Abbreviation

CHS Chemical Hypersensitivity Scale

CNSS CNS Symptom Scale

CSAS Consequences for Social Activities Scale
1IEI Idiopathic environmental intolerance

MUSS  Mucosal Symptoms Scale
RLE Recent Life Events
SCL-92  Symptom Checklist 92
Introduction

Idiopathic environmental intolerance (IEI) is a disorder
characterized by reports of non-specific symptoms from
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various organ systems attributed by the individual to
exposure to common airborne chemicals [1, 2]. In general
the reported symptoms are attributed to previous chemical
exposures and recur on a subsequent exposure to the same
or structurally unrelated chemicals at levels normally
considered to be non-toxic [2]. There is currently no
internationally accepted diagnostic criteria for IEI [3-5].
Prevalence estimates, point or lifetime, vary widely in
population-based studies [6—11], whereas those of physi-
cian-diagnosed IEI or reports of disabling consequences
in the form of social and occupational disruptions range
from 0.5 to 6.3% [6, 7, 10, 11]. Thus, only a subset of
individuals who report being sensitive actually consider
themselves to be clinically ill or functionally disabled by
their symptoms.

Increasing evidence points to an association between IEI
and symptoms of psychological distress, i.e., depressive
symptoms, negative affect, and anxiety [12—17], and indi-
viduals with IEI have been found to have significantly
higher scores on measures of psychological distress, such
as the Symptom Checklist 92 (SCL-92), than healthy
controls [18]. In general, this association is also well
established in related disorders, such as fibromyalgia and
chronic fatigue syndrome [19-21], but as in IEI, the
mechanisms underlying this commonly reported interrela-
tionship has not been clarified. Higher rates of lifetime
psychiatric disorders have also been reported [22]. How-
ever, not all individuals who report IEI meet the criteria for
a current psychiatric disorder [15], and whether psychiatric
disorders pre-exist the onset of IEI is not consistent in the
literature [22, 23]. Studies aimed at gaining a deeper
understanding of the association between IEI and symp-
toms of psychological distress are needed since psycho-
logical distress is likely to add to the level of overall
functional disability. Whether factors such as impaired
social support or external stressors in terms of major life
events, which are known to increase the risk for onset of
major depression [24-26], may act as confounders in the
association has not been determined.

Social support is one dimension of social relations, a
conceptual framework covering two dimensions, i.e.,
structure and function [27]. The structure refers to both
informal and formal interpersonal relations whereas the
functional dimension includes the qualitative and behav-
ioural aspects of social relations [27]. Social support can be
defined as the level of emotional and instrumental support
provided by others [27] and has been identified as a per-
petuating factor in the severity of chronic fatigue syndrome
[28]. It can be speculated that individuals affected by IEI
may experience less social support mainly due to the
controversies surrounding the nature of IEI It may also be
hypothesized that symptoms of psychological distress

reflect a more severe state of IEI as opposed to less
severely affected individuals.

The objectives of the study reported here were to
examine whether: (1) self-reported depressive symptoms
are associated with a more severe state of IEI among
individuals with suspected or diagnosed IEI, (2) the asso-
ciation differs between four IEI-related domains, i.e.,
mucosal symptoms, central nervous system (CNS) symp-
toms, symptom-eliciting chemical exposures and social
consequences attributed to IEI and (3) the association is
confounded by major, recent life events and low perceived
social support.

Materials and methods
Participants

Results from this study have been published recently in
Environmental Health and Preventive Medicine [13, 29].
Therefore, for a more detailed description of the study
participants, we refer the reader to our previously published
results on the association between perceptual personality
characteristics, such as somato-sensory amplification,
autonomic perception, absorption and alexithymia, repres-
sive-coping strategies, and IEI [13, 29]. In brief, our con-
clusions were that somato-sensory amplification and
autonomic perception are significantly associated with
symptoms attributed to IEI. We found no support for an
association between IEI and repressive coping and alexi-
thymia, although there was evidence of a role of one
alexithymia domain: difficulties identifying feelings. The
association was, however, mediated by negative affectivity,
a conclusion which was further supported by findings of
relatively strong independent associations between nega-
tive affectivity and IEL

In summary, three groups were invited to participate in
the study (1) individuals from the general population
(n = 787), (2) individuals who had contacted the Danish
Research Centre because of symptoms attributed to com-
mon airborne chemicals (n = 101), and (3) patients with
physician-diagnosed environmental intolerance (n = 136).
A total of 1024 women and men were invited to participate.
Throughout this article, group 1 is referred to as the popu-
lation group; groups 2 and 3, which were pooled in order to
increase the statistical power, are referred to as the patient
group. The overall response rate was 71.5% (n = 732).

Measurements

A number of self-report measures were included in the
study.
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Symptom Checklist 92

The Symptom checklist 92 (SCL-92) subscale for depres-
sion was included as a measure of depressive symptoms or
psychological distress. The depression subscale consists of
13 items in which responses are rated on a 5-point Likert
scale ranging from not at all to very much. The SCL-92
questionnaire comprises all 92 items from the two other
versions of the questionnaire, i.e., the Symptom checklist
90 and the Symptom checklist 90-Revised (SCL-90-R).
The SCL-90-R is a revised version of the SCL-90 in which
two items on the anxiety subscale have been replaced [30].
The SCL-92 has been validated in a general Danish pop-
ulation, and normative data have been established [30, 31].
The internal validity of the Danish translation of the SCL-
92 depression subscale has been reported as acceptable
(Loevinger coefficient of homogeneity 0.52) [31].

Social support

Based on the conceptual framework on social relations
described by Due and colleagues [27], social support was
examined using the following question “will any of the
following people help or support you in everyday life, if
you need it?” Responses were rated on a 6-point Likert
scale ranging from always to never or have none in relation
to partner, family, friends, colleagues and neighbours. A
high score suggests less perceived social support.

Recent life events

Recent Life Events (RLE) is a questionnaire that includes a
list of potentially stressful major life events, such as dis-
ease, loss of a child or partner, unemployment or financial
troubles, which may occur in a person’s life and which are
judged by the respondent as having had a negative impact
on his/her quality of life [32]. The score expresses the
number of major life events that have occurred within the
past year and are rated as having had a negative impact by
the respondent [32].

Socio-economic position

Socio-economic position was measured as occupational
social class, and the questionnaire included standardized
questions on school education, vocational training and
occupation. Data on occupational social class were cate-
gorized into a descending scale ranging from occupational
social class I-VII. Occupational social class I includes
professionals and executives; II, medium-level white-collar
employees; III, low-level white-collar employees; IV,
skilled workers; V, unskilled and semi-skilled workers. In
addition, another two groups were formed, including
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individuals receiving pension or disability benefits (VI) and
students (VII). This approach is in accordance with the
standard of the Danish National Institute of Social
Research, which is comparable to the British Registrar
General’s Classification I-V [33]. The occupational social
class variable was summarized into three groups in the
statistical analysis: (1) professionals and executives and
medium-level white-collar employees; (2) low-level white-
collar employees and skilled workers; (3) unskilled and
semi-skilled workers, individuals receiving pension or
disability benefits and students [33].

Idiopathic environmental intolerance

Idiopathic environmental intolerance was assessed by
questions covering different domains of importance in IEI:
(1) number and severity of CNS symptoms, (2) number and
severity of mucosal symptoms, (3) number of symptom-
inducing chemicals and (4) social consequences attributed
to IEL. Details on the questions included in the question-
naire have been published in Skovbjerg et al. [13, 29].

Statistical analysis
Principal components analysis

Altogether, 63 IEI items, covering CNS and mucosal
symptoms, symptom-eliciting chemicals and consequences
in terms of the degree to which reactions had influenced
social relations and work, were analysed using principal
components analysis (PCA) with Varimax rotation. Details
on the statistical analysis are published in Skovbjerg et al.
[13, 29]. The results from the PCA were summarized into
four IEI scales: (1) the CNS Symptoms Scale (CNSS),
which has eight items and total scores ranging from 0 to 8§;
(2) the Mucosal Symptoms Scale (MUSS), which consists
of six items and yields a total score ranging from O to 6; (3)
the Chemical Hypersensitivity Scale (CHS), which has 11
items and yields a total score ranging from O to 33; (4) the
Consequences for Social Activities Scale (CSAS), which
has seven items and a total score ranging from 0O to 14.

Multiple, hierarchical linear regression analyses

Multiple, hierarchical linear regression analyses were per-
formed using the four IEI variables derived from the PCA
(CNSS, MUSS, CSAS, CHS) as the dependent variables.
The SCL-92 depressive subscale was entered as the inde-
pendent variable at step one. Social support and the RLE
variable were entered at step 2. Age, sex, occupational social
class and patient versus population group were entered as
control variables at the final and third step of the analysis.
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All data were analysed using SPSS ver. 15.0, and the
level of significance was set at p < 0.05.

Study approval

The study was approved by the Danish Data Protection
Agency. According to Danish legislation, questionnaire
studies do not need approval by an ethics committee.

Results
Group characteristics

The characteristics of the two groups are summarized in
Table 1. There were statistically significant differences
between the population and the patient group on a number
of variables. The patient group was significantly older than
the population group and scored significantly higher on the
four IEI-related domains (CNSS, MUSS, CSAS, CHS).
The patient group also scored higher on the SCL-92 sub-
scale for depression and reported experiencing less social
support, whereas scores on the RLE did not differ signifi-
cantly between the two groups. The two groups also dif-
fered on the distribution of occupational social class
(Table 1).

Table 1 Group characteristics

Non-respondents

Comparison of respondents and non-respondents in the
population group (group 1) showed that respondents to our
questionnaire were significantly older, 46.5 years [standard
deviation (SD) 12.4] versus 42.9 years (SD 12. 8,
p < 0.001), and were more likely to be females [odds ratio
(OR) 1.2, p = 0.08]. No difference in mean age was seen
between respondents and non-respondents in the patient
group (group 2) [52.7 years (SD 10.9) and 51.8 years (SD
12.1), respectively; p = 0.56]. Correspondingly, no dif-
ference was found for the distribution of sex (p = 0.54).

Correlations

In the analysis of all study participants, significant moderate
to high correlations were found between the four dependent
variables (CNSS, MUSS, CSAS and CHS). Moderate and
significant correlations were found between the SCL-92
depressive subscale and the four dependent IEI-related
domains, while small to moderate correlations were found
between social support (SS) and the dependent variables
and the SCL-92 subscale. A number of small to moderate
correlations were also found between the independent
variables (the SCL-92 depressive subscale, RLE and social
support) and control variables (age and sex) (Table 2).

Population group Patient group p value®
Men Women Total Men Women Total
N 194 (34%) 377 (66%) 571 (100%) 21 (13%) 140 (87%) 161 (100%) <0.001
Age 50.1 (11.8) 47.1 (12.6) 48.1 (12.4) 50.9 (11.2) 53.3 (10.6) 53 (10.6) <0.001
MUSS 2.2 (1.3) 2314 2.3 (1.3) 3.5 (1.8) 39 (1.7) 3.8 (1.7) <0.001
CNSS 1.9 (1.3) 2.1 (1.3) 2.0 (1.3) 52 (1.4 4.8 (1.9) 4.9 (1.9) <0.001
CSAS 0.3 (0.82) 0.4 (1.5) 0.4 (1.3) 6.5 (4.0) 6.2 (4.1) 6.2 (4.1) <0.001
CHS 12.3 (6.9) 13.7 (6.8) 13.2 (6.9) 26.3 (5.6) 25.2 (6.3) 25.3 (6.2) <0.001
SCL-de 0.6 (0.5) 0.8 (0.7) 0.7 (0.6) 0.9 (0.8) 1.1 (0.7) 1.0 (0.7) <0.001
RLE 2.8 (3.2) 3.8 (3.7) 3.4 (3.6) 1.9 (2.5) 33 (34 32 (34 0.38
SS 11.2 (3.4) 11.8 (3.5) 11.6 (3.5) 13.7 (4.0) 13.5 (3.8) 13.5 (3.8) <0.001
Occupational social class® n (%) n (%)
I+ 1 105 (18.4) 7 (4.3)
I + 1v 265 (46.4) 37 (23.0)
V + VII 176 (30.8) 111 (68.9)
Missing 25 (4.4) 6 (3.7)

MUSS Mucosal Symptom Scale, CNSS CNS Symptom Scale, CSAS Consequences for Social Activities Scale; CHS Chemical Hypersensitivity
Scale, SCL-de SCL-92 subscale for depression, RLE Recent Life Events, SS Social support

 Independent samples ¢ test for equality of means (total) between population and patient sample

" T 4 II: professionals and executives and medium-level white-collar employees, III + IV: low-level white-collar employees and skilled
workers; and V + VII: unskilled and semi-skilled workers, individuals receiving pension or disability benefits and students
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Table 2 Correlations® between the IEI variables, SCL-de, SS, RS, RLE, age, and sex

CNSS CSAS CHS SCL-de SS RLE Age Sex
MUSS 0.60%** 0.41%* 0.47%* 0.21%* 0.15%* 0.15%%* 0.09%* 0.14%*
CNSS - 0.56%** 0.60%* 0.30%* 0.21%* 0.09%* 0.06 0.15%*
CSAS - - 0.56%* 0.25%%* 0.25%%* 0.01 0.15%%* 0.13%%*
CHS - - - 0.29%%* 0.18%* 0.08%* 0.26%* 0.18%*
SCL-de - - - - 0.31%* 0.37%* —0.04 0.17%*
SS - - - - - 0.14%* 0.05 0.10%*
RLE - - - - - - —0.14%%* 0.12%%*
Age - - - - - - —0.05
* Correlations: *significant at the 0.05 level (2-tailed), **significant at the 0.01 level (2-tailed)
Table 3 Results of a multiple, hierarchical linear regression analysis with the four IEI variables as the dependent variables
Step Independent/control variables Dependent variables
CNSS MUSS CSAS CHS
B P B p B P B P
1 SCL-depression 0.29 <0.0001* 0.21 <0.0001* 0.25 <0.0001* 0.29 <0.0001*
2 SCL-depression 0.27 <0.0001* 0.15 0.0003* 0.23 <0.0001* 0.26 <0.0001°*
Recent life events —0.03 0.53 0.06 0.11 —0.11 0.004* —0.02 0.69
Social support 0.13 <0.001* 0.11 0.006* 0.19 <0.0001* 0.11 0.003*
3 SCL-depression 0.15 <0.0001* 0.06 0.12 0.09 <0.001* 0.16 <0.0001*
Recent life events 0.06 0.07 0.13 0.0004* —0.01 0.73 0.08 0.01%*
Social support 0.01 0.88 0.01 0.72 0.04 0.13 —0.01 0.68
Occupational social class 0.11 <0.001* 0.12 <0.001* 0.07 0.007* 0.09 0.003*
Age —0.05 0.11 0.04 0.25 0.02 0.34 0.17 <0.0001%*
Sex —0.01 0.65 0.04 0.26 —0.01 0.75 0.05 0.11
Group 0.58 <0.0001* 0.37 <0.0001* 0.70 <0.0001* 0.50 <0.0001*
Total adjusted R* 0.44 0.23 0.59 0.43
*p < 0.05
Multiple, hierarchical linear regression analysis Discussion

Results of the multiple, hierarchical linear regression
analyses are shown in Table 3. Statistically significant
associations were found between the four IEI domains and
the SCL-92 depression subscale at the first step of the
analysis. The inclusion of RLE and SS in the model did not
change the significant associations. At the third and final
step of the analysis, statistical significant associations were
seen between the depression subscale and three of the IEI
variables (CNSS, CSAS, CHS) after adjusting for occu-
pational social class, age, sex and group [group 1 (popu-
lation) and group 2 and 3 (patient)]. For the fourth IEI
variable, MUSS, significant associations was seen with
RLE. The control variables occupational social class and
group were significantly associated with all four dependent
variables.
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The objectives of this study were to investigate the asso-
ciations between symptoms of depression and four differ-
ent IEI-related domains and to determine whether low
social support and recent major life events would confound
the associations.

Overall, our results confirm a positive association
between symptoms of depression and IEI, which has also
been reported in more studies [15, 17]. They also show
strong, statistically significant associations between
depressive symptoms and four IEI-related domains, i.e.,
CNS and mucosal symptoms, symptom-inducing chemicals
and social consequences. The associations remained sta-
tistically significant after entering the variables recent
major life events and social support into the linear
regression model. Entering the variables occupational
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social class and group (population and patient group) at the
final step of the analysis negatively influenced the strength
of the associations. However, the results nevertheless
remained strongly statistically significant for three of the
IEI-related domains (CNSS, CSAS, CHS). Due to the
cross-sectional study design, it was not possible to deter-
mine cause and effect relationships, but our results do
suggest that the association between depressive symptoms
and IEI cannot be explained by the known risk factors
included in this study and that the strength of the associ-
ation increases with more severe states of IEI. The patient
group reported significantly less perceived social support
and more depressive symptoms, which could be addressed
in more detail in future studies. In terms of interpreting the
differences in the distribution in occupational social class
between the population and patient groups, the significant
differences in age may explain why more patients were
categorized as class three, which contains, among others,
individuals receiving pension.

An association between symptoms of psychological
distress, psychiatric co-morbidities and unexplained phys-
ical symptoms is in general well established. Henningsen
et al. [20] systematically reviewed 244 studies reporting an
association between medically unexplained physical
symptoms, generalized anxiety disorders and major
depression. Increased rates of major depression and anxiety
disorders were seen in patients with functional somatic
disorders when compared to either healthy controls or
patients with other phenomenologically similar medical
diseases, such as rheumatoid arthritis [20]. These findings
suggest that major depression and anxiety disorders are
common and accompanying features of such disorders and
do not favour the assumption that they are primarily psy-
chological reactions to pain or other bodily symptoms [20].
Major depression also co-occurs in individuals with asthma
at higher rates than in the general population [34], and
atopic illness in childhood is associated with an increased
risk of major depression later in life independent of socio-
economic status [34, 35]. Examining possible pathways for
the association between asthma and major depression, Van
Lieshout et al. [34] concluded that the increased rate of
major depression in patients with asthma could be
explained by shared pathophysiological factors. This con-
clusion is supported by results from a twin study by
Wamboldt et al. [36], who reported that the association
between atopy and symptoms of depression is primarily
due to additive genetic influences. The co-morbidity
between functional somatic disorders has also been
examined in a twin study by Kato et al. [37]. Their data
suggested that these disorders share psychobiological
pathways, such as responses to stress or regulatory mech-
anisms in the brain, in part with major depression and
generalized anxiety disorders, which may offer some

explanation to the often reported associations between such
disorders [37]. Whether symptoms of psychological dis-
tress and psychiatric co-morbidities are part of the aetiol-
ogy in IEI or merely act as amplifying factors in some
individuals can only be speculated at this point. The con-
troversies surrounding medically unexplained symptoms
and the lack of diagnostic possibilities regarding these
patients are other questions worth considering when pos-
sible sources of distress are evaluated. Since it is likely that
the aetiology is multi-factorial, and as in functional disor-
ders [38], it can be argued that the complexities of IEI
should be studied from a bio-psycho-social perspective.
Such an approach would involve considering (1) the
influence of biological factors, such as central sensitization
processes, which have been suggested as a mechanism
involved in the acquisition and maintenance of IEI [39-41],
(2) changes in the reactivity of the hypothalamic—pituitary—
adrenal axis [42] and/or psychopathological processes,
such as the role of anxiety and depression [17], (3) pro-
cesses involved in symptom perception and amplification
and in emotional regulation [43, 44] and (4) socioeconomic
factors [7].

Some methodological considerations must be high-
lighted in relation to the interpretation of our results. We
did not include a validated measure of IEI and, therefore,
we can not be exactly certain of whether the reported
associations do in fact reflect our phenomena of interest. In
general, the absence of widely accepted case criteria for
establishing the presence and degree of IEI challenges
epidemiological and clinical studies in this field. When
comparing the population group and the patient group,
there were significant differences in relation to the scores
of the four IEI domains, possibly suggesting that the
individuals in the population group are either less affected
by their intolerance reactions or are a more heterogeneous
group. We approached this issue by conducting a PCA
including 63 items by which we identified four IEI
domains, which were subsequently included in the statis-
tical analyses. Furthermore, our results indicate that the
association with psychological distress is independent of
group affiliation, which supports our primary findings. The
inclusion of a control group could have strengthened our
study design by supplying information on the influence of
psychological distress on the presence of IEI independent
of severity. This research question, however, was not the
objective of our study.

In conclusion, the results of our study suggest that the
association between IEI and psychological distress in terms
of symptoms of depression cannot be explained by risk
factors known to be involved in major depression, i.e., lack
of social support and recent major life events. The differ-
ences between the population and the patient group found
in the study suggest that psychological distress may be a
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risk factor or part of more severe states of IEI, possibly
adding to the level of disability, i.e., social and occupa-
tional consequences. There is a need for longitudinal
studies in order to determine whether psychological dis-
tress may be a risk factor in the course of IEI or whether
the associations may be explained by shared central
pathways.
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