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ABSTRACT
Coping strategies, perceived environmental exposure control and mental distress appear to be 
important concepts in persons with symptoms associated with environmental factors (SAEF), 
but their interplay is not well documented. The objective was to investigate (i) use of coping 
strategies, (ii) prevalence of perceived exposure control, (iii) whether the control is associated 
with mental distress and SAEF type, and (iv) whether coping strategies are associated with 
mental distress in SAEF regarding chemicals (SAEF‑C), buildings (SAEF‑B), electromagnetic 
fields (SAEF‑EMF) and sounds (SAEF‑S) in a general population. Cross‑sectional population‑based 
data (n = 391) and validated questionnaire instruments were used to assess symptoms of 
anxiety, depression, burnout and sleep disturbance, applying analysis of covariance and 
hierarchical regression analysis. The most used problem‑ and emotion‑focused coping 
strategies were avoiding environments and accepting the situation, respectively. A majority of 
those with SAEF‑C (71.7%), SAEFF‑EMF (75.9%) and SAEF‑S (64.1%), but not SAEF‑B (36.4%) 
were able to control the adverse exposure, and low level of control was associated with 
anxiety, depression, burnout and sleep disturbance in all four SAEF types. Use of the strategies 
avoidance and eating/drinking/smoking were associated with depression, and reprioritizing 
with burnout. An implication of the results is that suitable coping strategies and perceived 
control may be considered as part of treatment of SAEF.

Introduction

A rather large proportion of the general population 
experience symptoms they associate with environ‑
mental exposures at levels tolerated by most people. 
Idiopathic environmental intolerance is a commonly 
used terms for this condition (World Health 
Organization, 1996). However, the term implies causal‑
ity and that nothing is known about the causes. Here, 
we therefore use the term symptoms associated with 
environmental factors (SAEF; Haanes et al., 2020). SAEF 
includes symptoms associated with chemicals (SAEF-C), 
buildings or parts of a building (SAEF-B), electromag‑
netic fields (SAEF-EMF), and sounds (SAEF-S).

There is support for the four types of SAEF shar‑
ing common ground (Haanes et  al., 2020), but they 
do also differ in some respects. The comorbidity 
between these conditions is considerable (Palmquist 

et  al., 2014), and the underlying mechanisms may 
overlap (Nordin, 2020; Van den Bergh et  al., 2017). 
Despite this overlap, characteristic body-system 
symptoms appear to be eye and respiratory symp‑
toms in SAEF-C and SAEF-B, skin symptoms in 
SAEF-EMF, and general and unspecified, digestive, 
eye, cardiovascular, neurological, and psychological 
symptoms in SAEF-S (Nordin et  al., 2023). The differ‑
ent types of SAEF do also differ in prevalence. In the 
same sample, enabling direct comparison, the preva‑
lence rate was 12/15% for SAEF-C, 5/7% for SAEF-B, 
3/2% for SAEF-EMF, and 9/5% for SAEF-S in general 
Swedish/Finnish adult populations (Karvala et  al., 
2018b). SAEF-EMF does also differ from the other 
SAEF such that the EMF exposure cannot be per‑
ceived (Kwon et  al., 2008), and that SAEF-B usually 
involves one or a few buildings whereas the other 
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types of SAEF are typically less specific regarding 
exposure.

Quality of life is often poor in severe cases of SAEF 
(Kjellqvist et  al., 2016; Shepherd et  al., 2010; 
Söderholm et  al., 2011, 2016), partly due to the expe‑
rienced symptoms, partly due to avoidance behavior 
(Andersson et  al., 2002; Karvala et  al., 2018a; Nordin 
et  al., 2010). These persons often meet limited under‑
standing for their condition from healthcare, cowork‑
ers, family and friends (Finell & Seppälä, 2018; Seppälä 
et  al., 2022; Söderholm et  al., 2011, 2016).

Despite being a central concept in dealing with 
adversity and challenging situations, coping with 
SAEF has been sparsely studied. Coping refers to the 
cognitive, emotional and behavioral strategies used 
to handle a stressful situation (Folkman & Moskowitz, 
2004). Common grouping of coping styles is problem 
focused and emotion focused (Lazarus & Folkman, 
1984). Coping strategies are both individual and con‑
text sensitive; what works for one person and con‑
text may not work for another person and context. 
Strategies suitable for the situation can significantly 
influence an individual’s mental well-being, emo‑
tional stability, and overall resilience (Folkman & 
Moskowitz, 2004; Lazarus & Folkman, 1984). Avoiding 
the exposure to which one attributes the symptoms 
appears to be a common coping strategy in SAEF-C 
(Gibson et  al., 2003; Nordin et  al., 2010; Röösli et  al., 
2004; Skovbjerg et  al., 2009; Söderholm et  al., 2011), 
SAEF-B (Karvala et  al., 2018a; Söderholm et  al., 2016), 
SAEF-EMF (Gruber et  al., 2018; Hagström et  al., 2013) 
and SAEF-S (Andersson et  al., 2002; Hall et  al., 2016). 
In SAEF-C, trying to accept the situation may be 
another common strategy (Nordin et  al., 2010). Taken 
together, the research field of SAEF appears to have 
been lacking an approach in which a broad array of 
coping strategies has been studied simultaneously in 
several types of SAEF, which would enable direct 
comparison between types of strategies and SAEFs. 
The present study took this approach.

In addition to coping, perceiving control over one‑
self and the surroundings is important for well-being 
(Shapiro et  al., 1996). Perceived control can be 
defined as the belief that one has an influence over 
(stressful) events (cf. Thompson, 1981), and lack of it 
is associated with learned helplessness and mental 
distress such as anxiety, depression and post-traumatic 
stress (Affleck et  al., 1987; Cheng et  al., 2013; Karstoft 
et  al., 2015). Coping strategies and experience of 
control are closely related, although, as Folkman 
(1984) argues, their relationship is complex. For 
example, a review by Finkelstein-Fox & Park (2019) 
show that an individuals’ perceived controllability 

interacts with coping strategies in some studies, but 
not in others. In the context of SAEF, limited per‑
sonal control over one’s own illness and the environ‑
ment may negatively impact the possibility to work, 
visit public places and meet with others (Andersson 
et  al., 2002; Söderholm et  al., 2011, 2016). These con‑
ditions may also be associated with coping style 
(Vishwanatha et  al., 2016).

A variety of explanations for SAEF has been sug‑
gested. For example, protective inflammatory mecha‑
nisms such as asthma and allergy are common in 
SAEF-B (Kanchongkittiphon et  al., 2015) whereas 
expectation mechanisms are common in SAEF-EMF 
(Rubin et  al., 2010). However, the afflicted individual 
with SAEF may well have several types of underlying 
mechanisms, such as neurogenic inflammation, lim‑
bic kindling, oxidative stress, classical conditioning, 
social modelling, symptom misattribution, somato‑
sensory amplification, and nocebo (Nordin, 2020). 
Van den Bergh et  al. (2017) have proposed a com‑
prehensive model to explain how symptoms come 
about and become linked to specific environmental 
cues. According to this model, very briefly, symptoms 
result from comparing (i) a prediction about the 
presence of a symptom and (ii) sensory input from 
the exposure. The symptom experience then becomes 
associated with environmental stimuli (e.g. via classi‑
cal conditioning and social modelling). Validation of 
beliefs about the danger of the exposure, e.g. from 
media, may strengthen anticipation and nocebo, 
resulting in a negative loop.

Regarding mental distress, irrespective of causal 
direction, there is strong support for anxiety and 
depression symptoms being associated with various 
types of SAEF (e.g. Azuma et  al., 2015; Bailer et  al., 
2008; Bergdahl & Bergdahl, 2001; Björnsson et  al., 
1998; Caccappolo-van Vliet et  al., 2002; Hausteiner 
et  al., 2007; Johansson et  al., 2010; Jüris et  al., 2013; 
Kinman & Griffin, 2008; Milenković & Paunović, 2015; 
Paulin et  al., 2016; Rubin et  al., 2008). Although con‑
siderably less documented, there is also support for 
elevated levels of burnout symptoms in SAEF-B 
(Redman et  al., 2011) and SAEF-EMF (Johansson 
et al., 2010) as well as of sleep disturbance in SAEF-C, 
SAEF-B, SAEF-EMF and SAEF-S (Nordin & Nordin, 2016).

To conclude, choice of coping strategy can influ‑
ence mental well-being (Folkman & Moskowitz, 2004; 
Lazarus & Folkman, 1984) and avoiding environments 
as well as experiencing mental distress are common 
in SAEF (Andersson et  al., 2002; Karvala et  al., 2018a; 
Nordin et  al., 2010). Furthermore, lack of perceived 
control over the environment is associated with 
mental distress (Shapiro et  al., 1996) and lack of 
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perceived control may negatively affect quality of life 
in SAEF (Andersson et  al., 2002; Söderholm et  al., 
2011, 2016). Coping strategies and perceived control 
are therefore likely to play key roles for mental dis‑
tress in SAEF. The fact that about one out of five per‑
sons in general Swedish and Finnish populations 
experience at least one type of SAEF (Karvala et  al., 
2018b) makes these issues a public health concern.

Given this background, the present overall objec‑
tive was to better understand the roles of and inter‑
play between coping, perceived environmental 
exposure control and mental distress in different 
types of SAEF in a general adult population. To the 
best of our knowledge, an attempt of this kind has 
not been made before. Mental distress was repre‑
sented by anxiety, depression and burnout symp‑
toms and by sleep disturbance. These conditions 
were chosen partly due to being common in the 
general adult population (13.9% meeting criteria for 
caseness of anxiety, 6.4% of depression, 17.5% of 
burnout, and 28.6% of sleep disturbance; Höglund 
et  al., 2020), partly due to being particularly com‑
mon in persons with SAEF, as reviewed above. These 
high prevalence rates strengthen the study’s public 
health approach. Four specific objectives were 
addressed (i) to what extent are various problem- 
and emotion-focused coping strategies used in 
SAEF-C, SAEF-B, SAEF-EMF and SAEF-S, and do these 
SAEF differ in this respect?; (ii) How common is it in 
these SAEF to perceive being able to control the 
environmental exposure to which one associates 
symptoms, and does this differ between types of 
SAEF?; (iii) is perceived control of the environmental 
exposure associated with extent of mental distress 
(symptoms of anxiety, depression, burnout and sleep 
disturbance), and with type of SAEF?; and (iv) are 
various types of problem- and emotional-focused 
coping strategies associated with mental distress in 
SAEF in a general adult population?

Material and methods

Study population

Data were used from the Västerbotten Environmental 
Health Study (Palmquist et  al., 2014), with focus on 
environmental health issues in Northern Sweden. To 
obtain a representative sample of a general Swedish 
population, 8600 adults (aged 18–79 years) from the 
county of Västerbotten, were randomly selected from 
the population registry after stratification for sex and 
the age strata 18-29, 30-39, 40-49, 50-59, 60-69, and 
70-79 years. Notably, the age and sex distribution of 

Västerbotten is very similar to that of Sweden in 
general (Statistics Sweden, 2010). The sample size 
was based on the lowest expected prevalence for a 
specific SAEF by sex, which was SAEF-EMF for men 
(1.1%) (Hillert et  al., 2002). With a precision of 0.55% 
(Naing et  al., 2006) and a confidence level of 95%, 
the sample size was calculated to 1382 men (Daniel, 
1999), since men with this intolerance was the com‑
bination of sex and SAEF type with the expected 
lowest prevalence. The sex distribution in Västerbotten 
was equally distributed (50.3% men) in 2010 (Statistics 
Sweden, 2010). The number of women needed was 
therefore rounded up to the same number as for 
men. The expected response rate was set at 60%, 
providing an estimated sample size of 4607 partici‑
pants. Being the first data collection of a longitudinal 
study, the expected accessibility was 90%, and the 
expected response rate at follow-up was 60%. The 
sample size was estimated to 8530 participants, 
which was rounded up to the 8600. Eighty persons 
were excluded from the sample because of not being 
reached by mail, resulting in the sample size of 8520 
persons. A questionnaire was sent to this sample, of 
which 40.0% (n = 3406) agreed to participate.

Case definitions

Being a case with SAEF-C, SAEF-B, SAEF-EMF or 
SAEF-S was met by responding affirmatively to the 
questions ‘Are you getting symptoms from odorous/
pungent chemicals (not limited to certain buildings), 
such as perfumes and cleaning agents, in doses that 
you were not getting symptoms from before or that 
you believe most other people are not getting symp‑
toms from?’, ‘Are you getting symptoms from residing 
in certain buildings (non-specific building related 
symptoms) that you were not getting symptoms 
from before or that you believe most other people 
are not getting symptoms from?’, ‘Are you getting 
symptoms from certain switched-on electrical devices 
that you believe most other people are not getting 
symptoms from?’, and ‘Do you have a hard time tol‑
erating everyday sounds that you believe most other 
people can tolerate?’, respectively. The response alter‑
natives were ‘Yes’ and ‘No’.

The participants who reported a SAEF were also 
asked to respond to the question ‘If you have reported 
symptoms from more than one of the requested 
environments, what environment bothers you most 
(chemicals, buildings, electromagnetic fields or 
sounds)?’ Those who reported only a certain SAEF 
were grouped together with those who reported this 
SAEF as their main SAEF if having several SAEFs.
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Background information

The questionnaire included background questions 
about demographics (age, sex, married/living with a 
partner, and university education), physical exercise, 
smoking on a regular basis, self-rated health, and 
self-report of diagnoses given by a physician of rele‑
vance for SAEFs. The diagnoses were of the type of 
SAEF (multiple chemical sensitivity, nonspecific 
building-related symptoms (or ‘sick building syn‑
drome’), electromagnetic hypersensitivity, and hyper‑
acusis), inflammatory disease (allergic rhinitis, allergic 
asthma, non-allergic asthma, and atopic dermatitis), 
and mental disorder (depression, generalized anxiety 
disorder, post-traumatic stress disorder, panic disor‑
der, and exhaustion syndrome (clinical burnout)).

Severity of environmental intolerance

Severity of the SAEF was measured with the 11-item 
Chemical Sensitivity Scale (CSS-11; Nordin et  al., 
2004), the 11-item Electromagnetic Field Sensitivity 
Scale (EMFSS-11), and the 11-item Noise Sensitivity 
Scale (NSS-11; Nordin et  al., 2013b). These instru‑
ments assess affective reactions to and behavioral 
disruptions by environmental odorous/pungent 
chemicals, EMFs and sounds, respectively. The items 
are analogous across the three scales, such that a cer‑
tain item statement about environmental odorous/
pungent chemicals in the CSS-11 (e.g. ‘At movies, 
other persons’ perfume and aftershave disturb me’) 
corresponds closely to a statement in the EMFSS-11 
about the EMF environment (e.g. ‘At music concerts 
or similar events, it is disturbing to know that there is 
a lot of electrical equipment around me’), and in the 
NSS-11 about the sound environment (‘At movies, 
whispering and crinkling candy wrappers disturb 
me’). The instruments include ten 6-level (0–5) and 
one 5-level (0–4) Likert scales. Thus, total scores range 
from 0 to 54, with high score representing high 
impact in terms of distraction. The three instruments 
have shown good reliability and validity (Nordin et al., 
2004; 2013b). Cronbach’s alpha for the present total 
sample (n = 391) was 0.86 for the CSS-11, 0.74 for the 
EMFSS-11, and 0.82 for the NSS-11.

Use of coping strategies

Extent of use of coping strategies was assessed with 
the question ‘To what extent do you use the following 
ways to cope with your environmental intolerance?’ 
Four such statements regarded the problem-focused 
coping style (‘You first ask others to explore an 

unfamiliar environment that you suspect elicits your 
symptoms’, ‘You seek information about your environ‑
mental intolerance’, ‘You have sought some type of 
healthcare for your environmental intolerance’, and 
‘You avoid environments that you know elicit symp‑
toms’), and four statements regarded the 
emotion-focused coping style (‘You try to accept your 
situation with environmental intolerance and make the 
best of it’, ‘You try to reprioritize how important things 
are to you’, ‘You try not to think about you environ‑
mental intolerance’, and ‘You make yourself feel better 
by eating, drinking and smoking’). The two coping 
styles are largely theoretically based on the coping 
styles distinguished in the Transactional Model of 
Stress and Coping by Lazarus & Folkman (1984), and 
an effort was made to operationalize them by includ‑
ing strategies that were close to the everyday hassles 
and needs in persons with SAEF. Whereas avoidance, 
in general, is not considered a problem-focused strat‑
egy, per se, it is, in fact, a strategy to solve a problem 
by avoiding environmental symptom triggers. Very 
similar statements for assessment have been used in a 
prior study of coping strategies in SAEF-C (Nordin 
et  al., 2010). The participant was instructed to respond 
to the question by considering the environment 
(chemicals, buildings, EMFs or sounds) that he/she in 
an earlier question had reported being the most both‑
ersome (see above). Each of the eight coping strate‑
gies were rated on a 7-point scale ranging from 0 (‘Not 
at all’) to 6 (‘To a very large extent’).

Perceived control of environmental exposure

Perceived control over the environmental exposure to 
which one associates symptoms was assessed with 
the question ‘Can you in most cases affect the envi‑
ronment that elicits your symptoms?’ The question 
was followed by ‘(for example, by opening a window)’ 
regarding chemical and building-related intolerance, 
‘(for example, by turning off electrical equipment)’ 
regarding EMF-related intolerance, and ‘(for example, 
by closing a door to a noisy environment)’ regarding 
sound intolerance. These questions were responded 
to with ‘yes’ or ‘no’. Notably, these questions may not 
fully capture the complexity of how control can be 
perceived. Thus, the examples guide the participants 
towards thinking in terms of behavioral control.

Mental distress

Extent of anxiety and depression symptoms was 
assessed with the Anxiety and Depression subscales 
of the Hospital Anxiety and Depression Scale (HADS) 
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based on seven items for each subscale (Zigmond & 
Snaith, 1983). The items are responded to on a 
four-point scale ranging from 0 to 3. A total score of 
21 can be calculated for each subscale, with high 
score representing high level of symptoms. The HADS 
has satisfactory internal consistency and concurrent 
validity (Bjelland et  al., 2002; Hansson et  al., 2009). 
Internal consistency for the present sample was 0.88 
for the Anxiety subscale and 0.86 for the Depression 
subscale.

The Shirom-Melamed Burnout Questionnaire 
(SMBQ) was used to assess burnout symptoms that 
include emotional and physiological exhaustion, cog‑
nitive weariness, tension and listlessness. The SMBQ 
consists of 22 items rated on a seven-point scale 
ranging from 1 (‘Never or almost never’) to 7 (‘Always 
or almost always’). An average score across items is 
calculated, with high score representing high level of 
burnout symptoms. The SMBQ has good construct 
and factorial validity as well as reliability (Almén & 
Jansson, 2021; Sundström et  al., 2023). The internal 
consistency for the current sample was 0.96.

Sleep disturbance was assessed with seven items 
of the two subscales Sleep Quality and Non-Restorative 
Sleep of the Swedish version of the Karolinska Sleep 
Questionnaire (KSQ) (Akerstedt et  al., 2002). The 
Sleep Quality subscale measures disturbed sleep, 
premature awakenings, and repeated awakenings 
with difficulty going back to sleep, and the 
Non-Restorative Sleep subscale consists of questions 
about not being well rested on awakening and diffi‑
culties waking up. The items are rated on a five-point 
scale ranging from 0 ‘never’ to 1 ‘seldom (occasion‑
ally)’, 2 ‘sometimes (several times per month)’, 3 ‘often 
(1–2 times per week)’, 4 ‘most of the times (3–4 times 
per week)’, and 5 ‘always (5 times or more per week)’. 
Mean score is calculated across the seven items. 
Sleep disturbance is referred to the past 3 months, 
according to the DSM-5 criteria for insomnia. The 
KSQ has good reliability, construct, and criterion 
validity (Nordin et  al., 2013a). The internal consis‑
tency for the present sample was 0.83.

Procedure

The questionnaire was sent to the participants with 
the instruction to return it via mail with prepaid post‑
age. The survey included information about voluntary 
participation, confidentiality and intended use of data. 
A reminder was sent to non-responders after three 
weeks, and an additional reminder including a new 
copy of the questionnaire after another three weeks. 
The participants responded to the questionnaire 

during the period March to April, 2010. The data col‑
lection was conducted in accordance with the Helsinki 
Declaration and has been approved by the Umeå 
Regional Ethics Board (Dnr 09-171 M) and the Swedish 
Ethical Review Authority (Dnr 2022-05265-02). All par‑
ticipants gave their informed consent to participate.

Statistical analysis

The four SAEF groups were compared with one-way 
analyses of variance (ANOVA) and chi-square analyses 
(Fisher’s exact test in cases of expected frequency 
<5) on demographics, physical exercise, smoking, 
self-rated health, self-reported SAEFs, physician-based 
diagnosis of the SAEFs, inflammatory diseases and 
mental disorders. The alpha level was set at 0.05. 
Mean ± SD scores on the CSS-11, EMF-11 and NSS-11 
were calculated for each SAEF group, and the means 
were compared with normative data (Nordin et  al., 
2013b, 2013c) to provide the percentile of the gen‑
eral population to which each SAEF group, on aver‑
age, corresponded to regarding affective and 
behavioral impact of everyday chemical, EMF-related 
and sound exposure.

To address the question of whether different types 
of SAEF differ in coping strategies, two-way analyses 
of covariance (ANCOVAs) were conducted since this 
enables assessment of an association between cate‑
gorized and continuous variables as well as con‑
trolling for confounding variables. The analyses were 
conducted separately for extent of use of problem- 
and emotion-focused coping as dependent variables, 
and specific coping strategy and SAEF type as inde‑
pendent variables. The analyses were controlled for 
age and university education since the SAEF groups 
were found to differ significantly in these respects.

Eta-square were calculated as a measure of effect 
size. Following Cohen (1988), an eta-square value of 
0.01 was considered as small, 0.06 as medium, and 
0.14 as large. In cases of significant effects, post-hoc 
one-way ANCOVAs were conducted, controlling for 
age and university education.

An overall chi-square analysis was conducted to 
address the question of differences between the 
SAEF groups in prevalence of perceived environmen‑
tal exposure control. This was followed by post-hoc 
chi-square pairwise comparisons between the groups.

With a rationale similar to that for the two-way 
ANCOVA, a three-way ANCOVA was performed to 
test whether extent of different types of mental dis‑
tress differ depending on whether environmental 
exposure control is perceived in the SAEF groups. 
Extent of mental distress was the dependent 
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variable, and environmental exposure control (yes 
and no), type of mental distress (anxiety, depression 
and burnout symptoms and sleep disturbance) and 
type of SAEF were the independent variables, again, 
controlling for age and university education.

As a final step, separate hierarchical regression 
analyses were conducted for each coping strategy to 
study whether various types of problem- and 
emotional-focused coping strategies are associated 
with mental distress in SAEF. This type of analysis 
enables studying the association between continu‑
ous variables and controlling for confounding vari‑
ables, such that the first model included age and 
university education, and the second model included 
anxiety, depression and burnout symptoms and sleep 
disturbance. The Statistical Package for the Social 
Sciences (IBM SPSS Statistics for Windows, Version 26, 
Armonk, NY) was used for the data analyses.

Results

Study sample

Among the 3406 participants in the general sample, 
only those who reported an SAEF were asked to 
respond to the questions about coping strategies. In 

total 391 participants with a SAEF responded to 
these questions. Among these, 184 reported that 
their main SAEF (if having several SAEFs) was SAEF-C, 
33 reported SAEF-B, 29 reported SAEF-EMF, and 145 
reported SAEF-S. These four SAEF groups are 
described in Table 1. Significant group differences 
were found for age and university education, but not 
for sex, being married/living with partner, physical 
exercise, smoking or self-rated health. A relatively 
large proportion of those with SAEF-C as main con‑
dition also reported SAEF-B. In a similar manner, 
SAEF-C was common in the SAEF-B groups, SAEF-B in 
the SAEF-EMF group, and SAEF-C in the SAEF-S 
group. Having received a diagnosis that corresponded 
to their main SAEF ranged from 24.5 to 30.3%. Finally, 
inflammatory diagnoses were more common in 
SAEF-C and SAEF-B than in SAEF-EMF and SAEF-S, 
whereas prevalence of diagnoses of mental disorders 
were similar across SAEF groups, with the exception 
of post-traumatic stress disorder that was most com‑
mon in SAEF-S.

Mean ± SD scores on the CSS-11, EMF-11 and 
NSS-11 for each of the SAEF groups are given in 
Table 2. These scores were related to normative data 
for the CSS-11 (29.7 ± 8.73; Nordin et  al., 2013c), the 
EMFSS-11 (17.7 ± 8.36), and the NSS-11 (27.2 ± 7.97; 

Table 1.  Description of the cases with SAEF, and outcome of one-way analysis of variance and chi-square analysis (or Fisher’s 
exact test) comparing all four groups.

SAEF-C SAEF-B SAEF-EMF SAEF-S

(n = 184) (n = 33) (n = 29) (n = 145) p-value

Age, mean ± SD years 53.3 ± 15.2 51.5 ± 12.8 51.3 ± 13.9 48.0 ± 15.3 0.016
Women, n (%) 125 (67.9) 26 (78.8) 18 (62.1) 97 (66.9) 0.509
Married/cohabitant, n (%) 138 (75.0) 23 (69.7) 22 (75.9) 101 (69.7) 0.691
University education, n (%) 75 (41.0) 20 (62.5) 12 (41.4) 82 (56.6) 0.012
Physical exercise ≤ twice/week, n (%) 122 (66.7) 23 (71.9) 18 (62.1) 145 (65.5) 0.866
Smoking, n (%) 21 (11.4) 3 (9.1) 2 (7.1) 11 (7.6) 0.662
Self-rated health, n (%)
  Very good or excellent 46 (25.1) 11 (33.3) 9 (31.0) 44 (30.8) 0.822
 G ood 59 (32.2) 8 (24.2) 10 (34.5) 46 (32.2)
  Poor or fair 78 (42.6) 14 (42.4) 10 (34.5) 53 (37.1)
SAEF
 S AEF-C 184 (100) 7 (21.2) 4 (13.8) 27 (18.6) <0.001
 S AEF-B 45 (24.5) 33 (100) 6 (20.7) 9 (6.2) <0.001
 S AEF-EMF 13 (7.1) 2 (6.1) 29 (100) 12 (8.3) <0.001
 S AEF-S 25 (13.6) 4 (12.1) 5 (17.2) 145 (100) <0.001
Physician-based diagnosis, n (%)
  Multiple chemical sensitivity 45 (24.5) 3 (9.1) 3 (10.3) 7 (4.8) <0.001
 N onspecific building-related symptoms 12 (6.5) 10 (30.3) 2 (6.9) 2 (1.4) <0.001
 E lectromagnetic hypersensitivity 3 (1.6) 0 (0) 8 (27.6) 1 (0.7) <0.001
 H yperacusis 8 (4.3) 1 (3.0) 0 (0) 39 (26.9) <0.001
  Allergic rhinitis 39 (21.2) 4 (12.1) 2 (6.9) 14 (9.7) <0.001
  Allergic asthma 27 (14.7) 6 (18.2) 0 (0) 7 (4.8) <0.001
 N on-allergic asthma 20 (10.9) 4 (12.1) 0 (0) 6 (4.1) 0.036
  Atopic dermatitis 8 (4.3) 2 (6.1) 1 (3.4) 4 (2.8) 0.791
  Depression 14 (7.6) 2 (6.1) 1 (3.4) 25 (17.2) 0.014
 G eneralized anxiety disorder 6 (3.3) 0 (0) 0 (0) 8 (5.5) 0.269
  Post-traumatic stress disorder 2 (1.1) 1 (3.0) 0 (0) 13 (9.0) 0.002
  Panic disorder 5 (2.7) 0 (0) 0 (0) 4 (2.8) 0.629
 E xhaustion syndrome (clinical burnout) 12 (6.5) 3 (9.1) 5 (17.2) 20 (13.8) 0.095

SAEF: Symptoms attributed to environmental factors; SAEF-C: Symptoms attributed to chemicals; SAEF-B: Symptoms attributed to buildings; SAEF-EMF: 
Symptoms attributed to electromagnetic fields; SAEF-S: Symptoms attributed to sounds.
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Nordin et  al., 2013b), providing percentiles for affec‑
tive and behavioral impact of everyday chemical, 
EMF-related and sound exposure to which each 
group, on average, corresponded to in the general 
population. As would be expected, high percentiles 
were observed in the SAEF-C group, and, to some 
extent, SAEF-B groups according to the mean CSS-11 
score, in the SAEF-EMF group according to the 
EMFSS-11 score, and in the SAEF-S group according 
to the NSS-11 score.

Missing values

All 391 participants responded to all eight items 
about coping strategies, whereas there were missing 
values from 8, 1, 0 and 4 of the participants with 
SAEF-C, SAEF-B, SAEF-EMF and SAEF-S, respectively 
on the item about perceived control of environmen‑
tal exposure. Corresponding numbers for the four 
SAEF groups were 2, 1, 0 and 3 for anxiety symp‑
toms, 2, 1, 0 and 2 for depression symptoms, 23, 4, 
3 and 13 for burnout symptoms and 6, 1, 2 and 5 for 
sleep disturbance.

Use of coping strategies

Figure 1 shows mean (+SE) ratings on extent of using 
the different practical- and emotional-focused coping 
strategies for their SAEF, controlled for age and edu‑
cation. Results from two-way ANCOVAs are presented 
in Table 3, revealing a significant main effect of type 
of problem-focused coping strategy, and a significant 

problem-focused coping strategy × SAEF type interac‑
tion, but no main effect of SAEF type. The analyses 
also showed a significant main effect of type of 
emotion-focused coping strategy, but no main effect 
of SAEF type, and no significant emotion-focused 
coping strategy × SAEF type interaction. Results from 
post-hoc analyses showed that avoiding the environ‑
ment was used to the largest extent among the 
problem-focused coping strategies and accepting 
one’s situation and making the best of it among the 
emotion-focused strategies.

Perceived control of environmental exposure

One-hundred thirty-two (71.7%) of those with SAEF-C 
reported that they most often were able to control 
their exposure environment. Corresponding rates 
were 12 (36.4%) for SAEF-B, 22 (75.9%) for SAEF-EMF, 
and 93 (64.1%) for SAEF-S. A chi-squire analyses 
showed an overall difference in prevalence between 
SAEF type (χ2=18.85, p < 0.001). Post-hoc pairwise 
chi-squire analyses between SAEF types showed that 
a significantly larger proportion of those with SAEF-C, 
SAEF-EMF and SAEF-S reported being able to control 
their environment than those reporting SAEF-B 
(p < 0.003), and that the three former SAEF groups 
did not differ significantly in proportion.

Association between perceived environmental 
exposure control and mental distress

Figure 2 displays mean score in percentage of total 
score on the instruments for symptoms of anxiety, 
depression and burnout and sleep disturbance in the 
four types of SAEFs, separately for those with and 
without perceived environmental exposure control. 
The three-way ANCOVA showed significant main 
effects of environmental exposure control (F = 4.58, 
p = 0.033, η2=0.014) and type of mental distress 
(F = 31.14, p < 0.001, η2=0.090). In contrast, the analy‑
sis showed no significant main effect of SAEF type 
(F = 1.90, p = 0.130), and no exposure control × mental 
distress (F = 2.77, p = 0.061), mental distress × SAEF 
type (F = 1.32, p = 0.223), exposure control × SAEF type 
(F = 0.09, p = 0.963), or exposure control × mental dis‑
tress x SAEF type (F = 0.47, p = 0.867) interactions.

Association between use of coping and mental 
distress

The result of no significant main or interaction effects 
regarding SAEF type motivated combining the results 

Table 2.  Mean ± SD scores on the CSS-11, EMF-11 and 
NSS-11 for each SAEF group, and percentiles for affective 
and behavioral impact of everyday chemical, EMF-related 
and sound exposure to which each group, in average, corre-
sponded to in the general population.

CSS-11 EMFSS-11 NSS-11

SAEF-C
  Mean ± SD 41.0 ± 7.8 19.0 ± 8.9 30.0 ± 8.1
  Percentile 90.2 56.2 63.7
SAEF-B
  Mean ± SD 32.8 ± 10.8 17.8 ± 8.6 27.6 ± 7.6
  Percentile 63.9 50.5 52.0
SAEF-EMF
  Mean ± SD 34.7 ± 10.1 32.4 ± 11.0 31.0 ± 8.8
  Percentile 71.7 96.1 68.3
SAEF-S
  Mean ± SD 32.0 ± 9.1 20.3 ± 9.2 38.9 ± 7.0
  Percentile 54.9 62.2 92.9

SAEF: Symptoms attributed to environmental factors; CSS-11: 11-item 
Chemical Sensitivity Scale; EMFSS-11: 11-item Electromagnetic Field 
Sensitivity Scale; NSS-11: 11-item Noise Sensitivity Scale; EMF: 
Electromagnetic field; SAEF-C: Symptoms attributed to chemicals; SAEF-B: 
Symptoms attributed to buildings; SAEF-EMF: Symptoms attributed to 
electromagnetic fields; SAEF-S: Symptoms attributed to sounds.
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from the SAEFs in the hierarchical regression analy‑
ses. Results from that analysis are presented in Table 
4, showing that, when controlling for age and educa‑
tion, extent of mental distress was a statistical pre‑
dictor of the coping strategies reprioritizing and 
eating, drinking or smoking. Avoiding the exposure 

showed a tendency of being predicted by depression 
(p = 0.080). Depression was an individual significant 
predictor of eating, drinking or smoking and avoid‑
ing the exposure though, and burnout was a predic‑
tor of reprioritizing. In addition, high age was a 
predictor of seeking information, avoiding the 

Figure 1.  Mean (+SE) extent of using different types of practical and emotional coping strategies in participants with symp-
toms attributed to chemicals (SAEF-C), buildings (SAEF-B), electromagnetic fields (SAEF-EMF) and sounds (SAEF-S). The means 
are adjusted for the impact of the confounding variables age and university education.

Table 3.  Results from two-way analyses of covariance, controlled for age and education, including post-hoc analyses.

F-value p-value
<ταβλε_ηεαδ > η2</

ταβλε_ηεαδ> Post-hoc

Problem-focused coping
 S trategy 7.55 <0.001 0.019 AE > SI = SH > AOE
 S AEF type 0.70 0.552
 S trategy × SAEF type 4.23 <0.001 0.032 SAEF-C: AE > SI = SH > AOE

SAEF-B: AE = SH = SI > AOE
SAEF-EMF: AE = SI > SH = AOE
SAEF-S: AE > SI = SH > AOE

Emotional-focused coping
 S trategy 16.38 <0.001 0.041 A > NTA > R>EDS
 S AEF type 0.59 0.624
 S trategy × SAEF type 0.91 0.511

AE: Avoid environments; SI: Seek information; SH: Seek healthcare, AOE: Ask others to explore; A: Accept; NTA: Not think about it; R: Reprioritize; EDS: 
Eat, drink or smoke; SAEF-C: Symptoms attributed to chemicals; SAEF-B: Symptoms attributed to buildings; SAEF-EMF: Symptoms attributed to elec-
tromagnetic fields; SAEF-S: Symptoms attributed to sounds.



Cogent Psychology 9

exposure as well as reprioritizing, whereas having a 
university education was a predictor of accepting the 
situation and making the best of it.

Discussion

To the best of our knowledge, this is the first study 
to investigate a broad array of coping strategies in 
several types of SAEF, enabling direct comparison 
between types of strategies and SAEFs as well as 

investigating the interplay between coping, per‑
ceived environmental exposure control and mental 
distress in different types of SAEF. Regarding the first 
objective, the present results show that, in general in 
SAEF, the problem-focused coping strategy that was 
used to the largest extent was avoiding the environ‑
ments that evoke symptoms, followed by seeking 
information about the SAEF and having sought 
healthcare for it, and asking others to explore the 
environment, in that order. Although avoiding the 

Figure 2.  Mean (+SE) extent of mental distress (% of total score) in participants with symptoms attributed to chemicals 
(SAEF-C), buildings (SAEF-B), electromagnetic fields (SAEF-EMF) and sounds (SAEF-S), with and without perceived environmen-
tal exposure control. The means are adjusted for the impact of the confounding variables age and university education.

Table 4.  Results from hierarchical regression analyses for models on combined factors of mental distress as statistical predictor 
of different types of coping strategies.
Variable Model R2 SE R2 R2 change F change p-value Significant individual predictor

Problem focused coping
  Ask others to explore 1 0.013 1.05 0.013 2.23 0.109

2 0.037 1.04 0.023 2.01 0.094
 S eek information 1 0.024 2.02 0.024 4.16 0.016 Age (β = 0.160, p = 0.004)

2 0.032 2.03 0.007 0.62 0.649
 S eek healthcare 1 0.011 2.18 0.011 1.93 0.147

2 0.026 2.18 0.015 1.23 0.299
  Avoid exposure 1 0.036 1.99 0.036 6.27 0.002 Age (β = 0.193, p < 0.001)

2 0.060 0.20 0.024 2.10 0.080 Depression (β = 0.242, p = 0.008)
Emotion focused coping
  Accept 1 0.031 1.83 0.031 5.33 0.005 University education† (β = 0.148, 

p = 0.008)
2 0.043 1.83 0.012 1.03 0.391

  Reprioritize 1 0.027 1.92 0.027 4.63 0.010 Age (β = 0.167, p = 0.003)
2 0.074 1.89 0.047 4.14 0.003 Burnout (β = 0.264, p = 0.004)

 N ot think about it 1 0.008 2.06 0.008 1.39 0.251
2 0.014 2.07 0.005 0.44 0.778

 E at, drink or smoke 1 0.007 0.18 0.007 1.25 0.286
2 0.086 0.17 0.078 7.05 <0.001 Depression (β = 0.173, p = 0.053)

Model 1: Age and university education. Model 2: Anxiety, depression and burnout symptoms and sleep disturbance. SE: standard error. †University 
education = 1, no university education = 0.
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environment was used to the largest extent in all 
four types of SAEF, seeking information and health‑
care were similar to avoidance in extent of use in 
SAEF-B and SAEF-EMF. The emotion-focused coping 
strategy used to the largest extent was accepting the 
situation and making the best of it, followed by not 
thinking about the SAEF, reprioritizing, and making 
oneself feel better by eating, drinking and smoking, 
in that order. This pattern was the same for all types 
of SAEF. There were no differences in overall extent 
of use of problem- or emotion-focused coping 
between types of SAEF. This may possibly be 
explained by limited statistical power due to small 
sample sizes for SAEF-B and SAEF-EMF. However, the 
power appears to be sufficient to show at least some 
differences between problem-focused strategies 
according to the post-hoc analyses for these two 
SAEF groups. Thus, an interpretation of the results is 
that the four SAEF groups are not likely to differ to 
a large extent in overall use of coping strategies.

A similar pattern of use of coping strategies as 
found in the present study, was found in a sample 
with SAEF-C (Nordin et al., 2010). In that study, avoid‑
ing chemical exposure was the most common 
problem-focused strategy, followed by seeking infor‑
mation, seeking healthcare and asking others to 
explore the environment. Also, in line with the pres‑
ent study, accepting the situation was the most used 
emotion-focused strategy, and eating, drinking and 
smoking was the least used emotion-focused strat‑
egy. However, somewhat different from the present 
results, avoidance was followed by reprioritizing and 
trying not to think about the intolerance. In that 
study the afflicted participants’ perceived effective‑
ness of the coping strategies were also studied, 
showing that avoiding exposure and accepting the 
situation were rated as the most effective strategies, 
whereas seeking healthcare and eating, drinking or 
smoking were least effective.

Practical coping strategies such as window opening 
and use of mechanical ventilation is associated with 
relatively mild symptoms in conditions such as SAEF-B 
(Lu et  al., 2016). In line with this, avoiding being in 
certain environments may in the short run solve the 
problem of triggering symptoms. However, it may in 
the long run have the opposite effect. Thus, avoid‑
ance conditioning may rather lead to strengthening 
learned associations between exposure and symp‑
toms, which, in turn, may enhance the protective 
reactions that result in symptoms in SAEF during 
exposure (Nordin, 2020; Van den Bergh et  al., 2024). 
Further support for the disadvantage of avoidance is 
provided by the central gain theory about loudness 

perception. It stipulates that to compensate for loss of 
sensory input, due to avoiding sounds, a neural ampli‑
fication of the central auditory system takes place that 
amplifies the loudness perception, resulting in a 
vicious circle (Diehl & Schaette, 2015). Avoidance is 
also likely to result in limited social activity (e.g. din‑
ing, using public transportation, and visiting friends; 
Black et  al., 2000; Skovbjerg et  al., 2009; Söderholm 
et al., 2011). This may prohibit the beneficial impact of 
social support in buffering against stress (House et  al., 
1988), including environmental exposure as a stressor. 
In contrast to avoidance, trying not to think about 
one’s SAEF and to accept one’s situation may, in some 
cases, in the long run be useful strategies. In a longi‑
tudinal study of SAEF, Palmquist (2017) found that the 
less emotionally and behaviorally disrupted a person 
was by the SAEF, the higher were the odds of recov‑
ery. Using constructive emotional coping strategies, 
such as acceptance, working through and learning 
about the emotions and why they arise can lead to 
less stress (Austenfeld & Stanton, 2004) and poten‑
tially less symptoms. However, if the afflicted person 
has asthma, which is common in SAEF-C and SAEF-B 
(Lind et  al., 2017), trying not to think about one’s 
SAEF and to accept one’s situation may not be 
recommended.

Regarding perceived environmental exposure con‑
trol, a majority of those with SAEF-C, SAEF-EMF and 
SAEF-S reported being able to control the adverse 
exposure in their environment, whereas only a 
minority of those with SAEF-B, reported such control. 
This may not be surprising since buildings cannot be 
avoided or altered as easily as, for instance, chemi‑
cals, EMFs or sounds.

Results from meta-analyses show that perceived 
control is negatively associated with both anxiety 
and depression in a broad sense (Cheng et  al., 2013; 
Gallagher et  al., 2014), and the present results sug‑
gest that this holds also for cases with SAEF. The 
results further suggest that perceived control is neg‑
atively associated with burnout and sleep distur‑
bance. Prior studies have shown that low perceived 
control over one’s built environment is associated 
with several negative health outcomes (Beemer et al., 
2021; Evans & McCoy, 1998).

With respect to the final objective, mental distress 
was found to be associated with use of coping strat‑
egy, since high levels of use of exposure avoidance 
and of eating, drinking and smoking were associated 
with high level of depression symptoms, and high 
level of reprioritizing was associated with high level 
of burnout symptoms. This may be explained by the 
fact that it is common to withdraw from activities 
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when experiencing depression (Porcelli et  al., 1019) 
and to self-medicate by drinking or smoking (An & 
Xiang, 2015). When dealing with burnout it is com‑
mon to have to change one’s way of living (Eskilsson 
et  al., 2020), which at least partly may explain the 
present results of burnout being associated with 
reprioritization. The results also showed that old age 
was associated with seeking information, avoiding 
exposure, and reprioritizing, and that university edu‑
cation was associated with acceptance. Hence, with 
age one learns how to prioritize. Active acceptance is 
considered an adaptive coping strategy (Nakamura & 
Orth, 2005) and being well-educated is a predictor of 
health and longevity (Hong et  al., 2020). Mental dis‑
tress was found not to be significantly associated 
with the strategies asking others to explore, seeking 
information and healthcare, accepting the situation 
or not thinking about it. The fact that all 391 partic‑
ipants were included in these analyses disfavors the 
idea of poor statistical power. Future research may 
address these strategies further.

The mean group scores on the CSS-11, EMFSS-11 
and NSS-11 suggest that the severity in terms of affec‑
tive and behavioral impact of the SAEF corresponded 
to the 90th, 96th and 93rd percentile of the general 
population for the group with SAEF-C, SAEF-EMF and 
SAEF-S, respectively. This suggests rather severe cases 
of SAEF. A questionnaire instrument for assessing 
severity of SAEF-B is not available, but the percentile 
of 64 on the CSS-11 in this group suggests stronger 
impact of chemical than what is normal. The self-rated 
health in the SAEF groups was rather poor, which can 
be expected considering the impact of the environ‑
mental exposures and the high comorbidity.

Some clinical implication can be mentioned as the 
current results emphasize the importance of the 
interplay between coping strategies, perceived con‑
trol of environmental exposure and mental distress in 
SAEF. As a start, the patient with SAEF may be 
screened for mental distress and provided appropri‑
ate treatment for this when needed. For example, 
explicit cognitive behavioral therapy (CBT) can be 
effective in alleviating distress caused by SAEF-S (Aazh 
et  al., 2019). Regarding coping strategies, the cogni‑
tive strategy of CBT-based mindfulness has been 
found to result in better sleep and coping strategies 
in SAEF-C, although psychological distress and illness 
perception were unchanged (Skovbjerg et  al., 2012). 
Nolan et  al. (2020) reported a successful treatment in 
patients with SAEF-S that included restructuring cop‑
ing strategies, mindfulness, relaxation and training of 
social and emotional competencies, resulting in 
reduction of both symptoms and job strain. In 

speculation, as part of psychoeducation, sessions 
focusing on reframing, acceptance and positive think‑
ing as coping strategies may be fruitful in SAEF. 
Furthermore, to avoid the negative long-term conse‑
quences of avoiding environments with a certain 
exposure, perceived control may play an important 
role. Gradually getting used to the exposure may, 
eventually, attenuate the protective mechanisms 
underlying some symptoms in SAEF by means of new 
associations being established. This is likely to require 
that the person experiences full control of the expo‑
sure, being able to discontinue at any time. However, 
the scientific documentation is sparse, calling for fur‑
ther research on these issues. Presently, patients with 
SAEF are typically referred to secondary healthcare, 
but for patients with mild to moderate severity of 
SAEF, treatment of the kind described above, focusing 
on mental distress, coping and perceived control, can 
perhaps be provided in primary care. This can be 
expected to benefit public health practice.

The present study has several strengths. This 
includes the sample from which the participants 
with SAEF were obtained was large (n = 3406) and 
population based. It also had an age and sex distri‑
bution that is very similar to that of Sweden in gen‑
eral (Statistics Sweden, 2010). Another strength is 
the inclusion of four major types of SAEF, which 
enabled direct comparison between them. However, 
the study does also have limitations, such as the 
relatively low response rate (40%). This may result 
in selection bias with consequences for the repre‑
sentativeness. However, it has been shown that par‑
ticipation rates between 30 and 70% are at most 
weakly associated with bias (Galea & Tracy, 2007). 
Another concern is the small size of the samples 
with SAEF-B (n = 33) and SAEF-EMF (n = 29), resulting 
in low statistical power and, thus, unstable models. 
Future research may consider addressing the 
research question for these types of SAEF with 
larger sample sizes. Furthermore, a limitation is the 
comorbidity across different types of SAEF (Table 1). 
Although the participants were instructed to 
respond to the questions about coping with regards 
to the type of SAEF that bothered them most, for 
those with comorbidity there may have been an 
impact of the other types of SAEF. Yet another lim‑
itation is that non-validated case definitions based 
on single questions were used for the four types of 
SAEF. Whereas the face validity of these questions 
can be considered very good, and these definitions 
have been used in several prior studies (e.g. Claeson 
et  al., 2018; Köteles & Nordin, 2024; Nordin et  al., 
2023), this is, nevertheless, a limitation. A problem 
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of instead using physician-based diagnoses is that 
few persons with these afflictions receive healthcare 
due to the inability to find a provider who under‑
stands their condition (Gibson et  al., 2015). 
Accordingly, in the present sample, only 24.5–30.3% 
of the four SAEF groups had also been given a cor‑
responding physician-based diagnosis (Table 1), yet 
their severity of SAEF corresponded to the 90th–96th 
percentile in the general population (Table 2). Thus, 
including only persons with a diagnosis provides an 
unfortunate selection bias from a public health 
perspective.

In conclusion, the results suggest that in SAEF, in 
general, the problem-focused and emotion-focused 
coping strategies reported to be used to the largest 
extent, among those strategies studied, were avoid‑
ing the environments that trigger the symptoms, and 
accepting the situation and making the best of it, 
respectively. A majority of those with SAEF-C, 
SAEF-EMF and SAEF-S appear to be able to control 
the adverse exposure in their environment, whereas 
only a minority of those with SAEF-B appear to have 
such control. Regarding mental distress, the results 
suggest that low level of perceived control of the 
environmental exposure is associated with symptoms 
of anxiety, depression and burnout and with sleep 
disturbance in all four types of SAEF, and that use of 
exposure avoidance and eating, drinking and smok‑
ing are associated with depression symptoms, and 
reprioritizing with burnout symptoms. A practical 
application of the findings is that addressing mental 
distress, coping strategies and perceived control as 
part of treatment of SAEF should be considered. 
Further research is needed to address the question 
of long-term advantages of different types of coping 
strategies in SAEF.
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