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Strengths and limitations of this study

►► The main strength of the study is that it takes a dif-
ferentiated look at psychological well-being after 
hazardous substance exposure by considering data 
from psychological self-report surveys and objective 
medical examinations.

►► Combining medical data with psychological surveys 
reduces the potential for monomethod bias in study 
results.

►► Data generalisability was limited due to all male 
gender and incomplete data in the psychological 
survey, because of increased age and health impair-
ments of the present study population.

►► Future research should prospectively follow-up 
on a younger age cohort—including male and fe-
male participants—that has been exposed to other 
hazardous substances to understand the relative 
strength of the influencing factors (knowledge re-
garding health risk vs experienced functional im-
pairments) on psychological well-being.

Abstract
Objectives  The knowledge of past asbestos exposure 
may lead to chronic psychological strain. In addition, the 
information about an increased cancer risk can place a 
psychological burden on individuals triggering mental 
health symptoms of depression or anxiety. This applies 
in particular to individuals with non-malignant asbestos-
related disease (ARD) such as lung fibrosis and pleural 
thickening with or without lung function impairment. ARDs 
with or without lung function impairment may develop 
even years after exposure cessation. Therefore, the aim 
of the present study was to test for our cohort whether 
non-malignant ARD and lung function impairment have 
differential effects on mental health and psychological 
strain.
Design  Cross-sectional study.
Participants and setting  Overall, 612 male participants 
(mean age=66.2 years, SD=9.5) attending a surveillance 
programme for ARDs received routine examinations 
including lung function testing (24% refused to fill in 
the psychological questionnaire) at a German university 
hospital study centre from August 2008 to August 2013.
Outcome measures  Using multiple hierarchical 
regression analysis, ARD diagnosis and lung function 
impairment were used to predict psychological health as 
measured with validated questionnaires for depression 
and anxiety. Psychological strain was operationalised by 
intrusive thoughts and specific fear of cancer.
Results  The strongest predictor for mental health was 
obstructive functional impairment (eg, anxiety: β=0.22, 
p<0.001). Psychological strain was predicted by the 
presence of a non-malignant ARD (eg, intrusive thoughts: 
β=0.17, p=0.003).
Conclusions  The presence of mental health symptoms 
is associated with ventilation disturbances, whereas 
the knowledge of an already initiated morphological 
change—caused by asbestos exposure—is primarily 
associated with psychological strain. Specifically, the 
affected individuals are more prone to intrusive thoughts 
and specific fear of asbestos-related cancer. As an 

implication, physicians should be sensitised about possible 
consequences of risk communication and functional 
impairment to counteract excessive fear or anxiety.

Introduction
Despite the large number of formerly asbes-
tos-exposed people worldwide, the number of 
research projects on the psychological conse-
quences of past asbestos exposure is limited.1 
In fact, a recent review only detected nine 
studies focusing on mental health of individ-
uals (not patients) with former asbestos expo-
sure.2 Recent studies have primarily dealt 
with the influence of preventive interventions 
like CT scan screening on mental stress.3 4 
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The present study intends to list possible consequences 
regarding psychological well-being from past asbestos 
exposure, differentiated according to: (1) the diagnosis 
of non-malignant asbestos-related diseases (ARDs) due to 
the past hazardous exposure and (2) the resulting health 
impairments potentially following an ARD.

Researchers, who studied more than the physical 
health of formerly asbestos-exposed workers, found an 
increased risk perception of asbestos workers for devel-
oping an ARD-like cancer.3 5 The increased health risk 
represents a potentially threatening information and may 
cause a permanent state of tension for those affected.5 
This applies in particular to patients already suffering 
from asbestosis.6

It can be assumed that after receiving this incriminating 
information, individuals will undergo a psychological 
adaptation process to learn how to cope with the threat.7 
If this adaptation process fails, emotional stress states 
such as depression and anxiety may occur (see Interna-
tional Statistical Classification of Diseases and Related 
Health Problems, 10th Revision, F43.2).8 In fact, past 
research has shown increased prevalence rates for symp-
toms of depression (9.9%) and anxiety (19.7%) in retired 
asbestos workers assessed with the Hospital Anxiety and 
Depression Scale (HADS).1 In comparison, the point prev-
alence for the general German male population is 4.2% 
for depression and 5.3% for anxiety disorders.9 Other 
researchers failed to find elevated levels of psychological 
symptoms in former asbestos workers (eg,5), also not for 
patients with detectable radiological abnormalities.10

Besides the potential psychological consequences of 
the perceived health threat, especially for those workers 
who have already developed non-malignant asbestos-re-
lated changes of the lung or pleura, these changes may 
also come along with functional impairments of the lung 
like restriction and obstruction.11 Therefore, it needs 
to be disentangled, whether the reduced psychological 
health can only be attributed to the knowledge of a rele-
vant exposure to a hazardous substance like asbestos 
or the real experienced health impairments. After all, 
studies analysing lung diseases with similar symptoms like 
chronic obstructive pulmonary disease (COPD) or idio-
pathic pulmonary fibrosis (IPF) also report associations 
for reduced psychological health. For example, in their 
review, Maurer and colleagues report prevalence rates in 
COPD for elderly patients for depression ranging from 
7% to 32% measured with the HADS scale.12 For anxiety 
disorders they report prevalence rates even ranging from 
13% to 55%. Similarly, studies looking at IPF report 
increased prevalence rates for depression (22.3%) and 
anxiety (21.5%).13

The aim of the present study was to differentially asses 
the importance of both (1) knowledge of an increased 
health risk due to past asbestos exposure manifested in 
non-malignant asbestos-related changes and (2) func-
tional impairment like obstruction or restriction with 
regard to psychological well-being. Besides only looking 
at the psychological manifestations in terms of potential 

depression and anxiety disorders, psychological strain was 
also assessed in terms of specific risk of future illnesses 
and intrusive thoughts brought on by past exposure.

Methods
Participants and procedure
Participants were 612 formerly asbestos-exposed male 
power industry workers (mean age 66.17 years, SD=9.52) 
attending a local surveillance programme between 
August 2008 and August 2013, which had been initiated 
to improve early detection of ARDs and reduce under-re-
porting.14 The participants at the local study centre were 
part of a larger cohort (n=8.632) of the Comprehensive 
Asbestos Research Endeavor Study (CARE Study). They 
were all power industry workers registered at the Central 
Registration Agency for Employees Exposed to Asbestos 
Dust in Germany. The enrolment for the early detection 
programme started originally in the late 1990s organised 
by company medical officers.14 It was based on signed 
statements by active or former workers, confirming that 
they had been occupationally exposed to asbestos fibres. 
To assess the cumulative individual burden of asbestos 
exposure, information on job titles, years of exposure and 
specific occupational tasks were collected by means of a 
specially designed self-administered questionnaire. This 
information was analysed in a standardised way using a 
computer software based on ambient monitoring data of 
airborne asbestos fibre concentrations at defined work-
places, stratified by specified occupational tasks and time 
periods. The basic reference data have been published 
in the format of a technical report.15 The cumulative 
dose of one standard fibre year was defined as an expo-
sure during 1920 work hours through daily 8-hour shifts 
over 240 workdays and spread over 48 weeks with a stan-
dard airborne fibre concentration of one fibre per cubic 
centimetre or 1×106 fibres per cubic metre.14 The median 
asbestos exposure in our cohort were 8 fibre years. Among 
the workers, 84.5% were power generation workers, 9% 
were power distribution workers and 1.5% worked in gas 
supply. The minority of the sample were smokers (22.3%) 
and a majority of 41.2% reported to be ex-smokers. The 
majority of participants were living together with a partner 
(83.3%) and had a secondary school degree (74.6%).

When arriving at the study centre, attendees were asked 
to take part in a psychological screening survey before 
the medical examination, which included lung function 
testing using a whole-body plethysmograph (Master-
Screen Body, CareFusion Germany). All participants had 
given written informed consent before the testing. The 
project was approved by the ethical review board of the 
local university hospital (EK 043/09).

Patient and public involvement
We did not involve patients or the public in study plan-
ning or design.

Lung function test
An obstructive ventilation impairment was diagnosed if 
FEV1/FVC (forced expiratory volume in 1 s/forced vital 
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Table 1  Distribution of ventilation impairments diagnosed 
with body plethysmographic lung function testing at the 
study centre

Impairment

Restriction Obstruction

n % n %

No 597 97.6 446 72.9

Mild 10 1.6 117 19.1

Moderate 5 0.8 35 5.7

Severe 0 0 14 2.3

Total 612 100 612 100

capacity) was smaller than lower limit of normal (LLN, 
fifth percentile) using the Global Lung Function Initia-
tive (GLI) reference values.16 The extent of obstruction 
was classified as mild (≥85% LLN), moderate (<85% to 
≥55% LLN) or severe (<55% LLN).

A restrictive impairment was diagnosed if the total lung 
capacity (TLC) was smaller than the fifth percentile and 
FVC was smaller than the LLN according to GLI refer-
ence values.16 The extent of restrictive impairment was 
classified as mild (≥85% LLN), moderate (<85% LLN and 
≥55% LLN) or severe (<55% LLN).

Measures
Mental health: Anxiety was assessed with the 7-item subscale 
of the short version of the Depression Anxiety Stress Scale 
(DASS21-G).17 The scale captures the essential compo-
nents of anxiety: physiological arousal, panic and anxiety. 
Based on a comprehensive study, this instrument was 
awarded good psychometric characteristics.18 Reliability 
(Cronbach’s α) in the present study was 0.74.

Mental health: Depression was measured with the 7-item 
subscale of the DASS21-G.17 The scale records symptoms 
of dysphoric mood. On a 4-step response scale (0=did not 
apply at all to me, 3=applied very strongly to me or most 
of the time), participants indicate to what extent different 
statements apply to them during the last week (eg, I felt 
depressed and sad). The scale can be used continuously 
as a sum scale or dichotomised with a validated cut-off 
value of 9.19 Reliability in the present study was 0.83.

Psychological strain: The specific fear of asbestos-related 
cancer was assessed by a 1-item measure called global fear 
of cancer, which has been adapted for the purpose of the 
present study.20 On a 4-point scale, participants state to 
what extent they were afraid in the past week of actually 
having asbestos-related cancer.

Psychological strain: We measured experienced suffering 
with the Intrusion Subscale of the Impact of Stress Scale.21 
The scale measures the stress resulting from the increased 
risk of developing a disease due to exposure to a carcino-
genic substance. On a 4-point scale, participants indicate 
on 7 items the extent to which and how often they show 
intense thoughts and feelings due to their increased risk 
of illness. Reliability in the present study was 0.91.

Statistical analyses
First, descriptive statistics are reported including a sample 
characteristic in relation to the frequency of medically 
diagnosed ventilation disturbances and psychological 
health symptoms of depression and anxiety. Second, the 
mental health of the sample is described, according to 
the presence of an already non-malignant asbestos-re-
lated morphological change, to initially screen whether 
non-malignant ARDs are associated with mental health. 
For this purpose, the psychological measures were dichot-
omised according to the cut-off score reported in the 
respective test manuals. Finally, the main research ques-
tions were approached with multiple hierarchical regres-
sion analyses to determine the relative impact of each 

predictor (ie, the knowledge of already benign ARDs 
vs actual lung function impairments of obstruction or 
restriction) on either mental health symptoms (ie, depres-
sion or anxiety) or psychological strain (ie, specific fear 
of cancer or intrusive thoughts). In a first step, control 
variables of age, education and cumulative asbestos expo-
sure (in fibres/cubic centimetre × years) were entered 
into the regression equation. In a second step, the three 
main predictor variables (ie, benign ARDs, obstruction, 
restriction) were entered to the model to determine the 
partial regression weight for each variable in consider-
ation of the others. The respective predictor scales are 
used categorically in case of the presence of obstruction 
or restriction in the lung function test or continuously for 
the psychological variables to make the maximum statis-
tical information available. All statistical analyses were 
performed with SPSS for Windows version 25.22

Results
The willingness to participate in the psychological 
screening was moderate. Out of the 612 attendees of the 
surveillance programme for ARDs, 147 refused to partic-
ipate in the survey (24%). Their age was 67.7 (SD=8.60) 
and thus significantly higher than the average age of 
participants providing complete surveys (n=242, 39.5%; 
mean=63.9 years; SD=10.4; F=24.9; p<0.001). The only 
other significant difference in those groups was that those 
who refused to participate in the psychological survey also 
had significantly more obstructive impairments (χ2=4.95, 
p=0.03). To maximise the information, for each regres-
sion model the analyses are presented with the maximum 
N of complete datasets.

Descriptive statistics
Table 1 provides an overview of the sample’s lung func-
tion results. Obstructive impairment of lung function was 
more frequent than restrictive impairment. We found no 
case of severe restriction. In addition, two individuals with 
mild restrictive impairment also had a moderate obstruc-
tive impairment. One participant with a mild restrictive 
impairment had a severe obstructive impairment. Due 
to the low incidence of restrictive impairments, results 
regarding this variable need to be considered with care.
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Table 2  Psychological symptoms of depression and 
anxiety of study participants

Psychological 
symptoms

Depression
DASS

Anxiety
DASS

n % n %

No 348 97.2 328 89.4

Yes 10 2.8 39 10.6

Missing 256 247

DASS, Depression Anxiety Stress Scale.

Table 3  Point prevalence (%) and OR of mental health in relation to the diagnosis of a non-malignant ARD

No-diagnosis of non-
malignant ARD cases (% 
out of total N)

Diagnosis of non-malignant 
ARD cases (% out of total N) OR (CI) P value

Mental health Depression 4 (1.72 out of 233) 6 (4.8 out of 125) 2.89 (0.80 to 10.43) 0.091
Anxiety 17 (7.08 out of 240) 22 (17.32 out of 127) 2.75 (1.4 to 5.39) 0.002

All scales are dichotomised according to scale cut-off values.
ARD, asbestos-related disease.

Table 2 provides an overview of participants’ psycholog-
ical symptoms of depression and anxiety. With 2.8%, the 
point prevalence for depression was low. The point prev-
alence of a potential anxiety disorder was 10.6%. Thus, 
the present sample of formerly asbestos-exposed workers 
did not overly suffer from depression but from anxiety 
instead.

Inferential statistics
To understand the relevance of an already diagnosed 
non-malignant ARD for mental health outcomes, table 3 
reports the frequency of mental disorders in the study 
sample in relation to a non-malignant ARD. Related to 
mental health, the diagnosis of a non-malignant ARD 
was associated with an increased risk of a possible anxiety 
disorder but not with an increased risk for depression.

Mental health
To differentiate between the effects of the diagnosis of 
a non-malignant ARD and thus a knowledge regarding 
an increased health risk due to former asbestos expo-
sure and the mere presence of a ventilation impairment, 
table 4 presents the results of the hierarchical multiple 
regression analyses, which jointly consider the relevant 
predictors.

The diagnosis of a non-malignant ARD was not associ-
ated with any mental health symptom. When considering 
all predictor variables simultaneously, only the partial 
regression coefficient for obstructive ventilation impair-
ment was predictive for screening measures of depression 
(β=0.18, p=0.004) and anxiety (β=0.22, p<0.001).

The diagnosis of an ARD became only relevant in the 
milder psychological strain variables of specific fear of 
cancer (β=0.13, p=0.046) and intrusive thoughts (β=0.17, 
p=0.003). Intrusive thoughts were additionally reported 

from individuals with restrictive disorders (β=0.12, 
p=0.032).

Overall, the models attained small effect sizes (f2=0.04 
for depression, f2=0.14 for anxiety).23 All models were 
significant.

Discussion
The present study aimed at testing whether non-malig-
nant ARDs and lung function impairment (ie, obstruction 
and restriction) have differential effects on mental health 
and psychological strain outcomes of formerly asbes-
tos-exposed workers of the power industry in Germany. 
Considering the two potentially influencing factors simul-
taneously, results indicate that the mere knowledge of an 
existing non-malignant ARD is associated with psycho-
logical strain only but not with generalised psychological 
health disorders like anxiety or depression. These mental 
health outcomes were rather associated with an obstruc-
tive lung function impairment. Obstruction represents a 
potentially perceivable bodily health impairment, which 
can be assumed to be present throughout the day of the 
affected individual and not as easily neglected or denied 
as the knowledge of a past event.

Still, according to the depression screening scale, with 
2.8% the value for the point prevalence of depression 
was lower in comparison to both the prevalence rate of 
the general male population in Germany (4.2%) and 
prevalence reports of similar studies (9.9%).1 9 In addi-
tion, participants reported less depressive symptoms 
than patients suffering from COPD or IPF.12 13 Similarly, 
the point prevalence of an anxiety disorder was lower 
(10.6%) in comparison to prior studies on asbestos 
workers (19.7%) but still twice as high as those of the 
general population.1 9

One reason for the rather good mental health find-
ings of study participants might lie in the measure of 
symptom assessment in previous studies. A recent study 
has compared the validity of the DASS scales with the 
frequently used HADS scale and reported reduced sensi-
tivity and specificity of the HADS scale in comparison 
to the DASS scale for depression. The DASS scale has 
been specifically designed for the assessment of depres-
sion and anxiety independent from overlapping symp-
toms of mental and somatic illnesses. Therefore, other 
scales might have overestimated potential mental health 
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Table 4  Hierarchical multiple regression analyses of lung function impairments and risk knowledge on mental health and 
psychological strain outcomes

Outcome variables Mental health outcomes Psychological strain outcomes

Predictor variables

Depression Anxiety
Specific fear of 
cancer Intrusion

β T P value β T P value β T P value β T P value

Diagnosis of non-
malignant ARDs

−0.05 −0.78 0.435 0.07 1.10 0.272 0.13 2.01 0.046 0.17 2.99 0.003

Obstruction 0.18 2.93 0.004 0.22 3.78 <0.001 0.01 0.20 0.841 0.05 0.99 0.323

Restriction 0.00 −0.02 0.988 0.04 0.69 0.491 0.06 0.93 0.356 0.12 2.15 0.032

Adjusted R2 of the 
model

0.04 0.12 0.06 0.10

F value 2.84 0.011 7.68 <0.001 4.07 0.001 6.78 <0.001

Total N in the model 290 297 271 326

All analyses are controlled by age, education and cumulative asbestos exposure.
ARDs, asbestos-related diseases.

symptoms in their sample, since somatic comorbidities in 
a rather elderly sample cannot be excluded.19

The occurrence of psychological symptoms may also 
have been determined by the knowledge of the planned 
preventive examination. Single studies have shown that 
the extensive preventive medical check-up can lead to 
psychological strain, which may be triggered by anticipa-
tion of the examination itself.3 4 Thus, when asking for 
the occurrence of psychological symptoms in the past 
2 weeks, the symptoms could also be a cause of an acute 
adjustment disorder. An assessment of these symptoms 
independent from the medical examination would be 
necessary to exclude the acute effect.

The presence of psychological symptoms related to 
specific mental health disorders (ie, depression, anxiety) 
was solely related to ventilation disorders. Contrary, the 
presence of an acknowledged occupational disease, 
and thus the knowledge of an organic change that has 
already occurred due to past asbestos exposure partic-
ularly increased not the general but the specific fear of 
cancer due to the hazardous substance. This specific fear 
could probably trigger symptoms of general anxiety in 
individuals. Ultimately, the point prevalence for anxiety 
disorders was higher in the present sample than in the 
general male population. After all, these two variables are 
highly correlated (Spearman r=0.33, p<0.001) with each 
other in the present sample, suggesting that specific fear 
of asbestos-related cancer might mediate the association 
between the diagnosis and anxiety symptoms.

In addition, the knowledge of a non-malignant ARD 
impairs the psychological state of mind to such an extent 
that it prevents those affected from switching off mentally 
by intrusive thoughts of the exposure. These intrusive 
thoughts might also be relevant for mental health disor-
ders since intrusion has been linked to the development 
of depressive symptoms.24 Since we did not realise a 
longitudinal design in the present study, we could not 
test such mediation effects, which would need to infer 

that one mental health state (ie, specific fear or intrusive 
thoughts) would have preceded the other (ie, anxiety or 
depressive symptoms).

The strength of the present study is to combine 
measures from different sources (medical assessments, 
self-reported surveys) for predicting psychological well-
being, reducing the potential for monomethod bias. 
However, one limitation was the low rate of participation 
in the psychological screening survey, possibly due to the 
length of the questionnaire, and the advanced age and 
physical well-being of the study participants, as our group 
comparison suggested. The older the participants were 
and the more they suffered from obstructive disorders, 
the less likely were they to fill out the additional psycho-
logical survey presented to them at their attendance of 
the health surveillance screening. In fact, previous studies 
have shown that advanced age but not health status per se 
is a main predictor for refusal of screening programme.25 
Potential reasons for participants’ refusal can be derived 
from those individuals who took the opportunity to fill out 
the open response possibilities of the survey. The majority 
of the individuals remarked that they either did not have 
an interest in the psychological research question but also 
that the survey required too much effort from them. This 
increased effort might have been one hindrance factor 
for participants with an obstructive health impairment. 
Since restriction was much less common and less severe 
compared with obstruction in the sample, the respective 
impairment might have not carried a significant weight. 
Still, when asked how satisfied study participants were with 
the health surveillance programme in general, overall the 
large majority reported to be satisfied (57.9%) and very 
satisfied (25%) with the health surveillance programme.

Another potential limitation related to the psycho-
logical health outcomes is that only male participants 
attended the health surveillance programme in the 
present study, a fact that is due to the specific study popu-
lation of formerly asbestos-exposed workers. The majority 
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of past studies on psychological distress and asbestos 
mainly included men.6 In general, female gender is asso-
ciated with an increased risk of mental disorders8 and 
the majority of past studies on asbestos-exposed workers 
have also reported poorer psychological health of female 
participants than male participants.1 Thus, future studies 
on psychological effects following hazardous substance 
exposure (besides asbestos) would need to replicate the 
present findings of differential effects on knowledge 
versus functional impairment for generalisability reasons.

Finally, the effect size indices of the present study (ie, 
partial regression coefficients and explained variance) 
are small23 having made the findings detectable mainly 
by the relatively large sample size. However, it has to be 
considered that past studies who found stronger effects 
solely relied on self-report data on asbestos exposure 
and risk perception as well as on psychological health 
reports.1 3 26 Other studies who were not able to detect 
any effects were also based on more objective criteria like 
radiological abnormalities.10 Therefore, the small but 
detectable impact of our findings using objective medical 
data as predictors can be considered of relevance. Of 
course, psychological disorders like depression are deter-
mined by multiple factors (eg, individual differences in 
genetics, neurobiology and social background) leaving 
enough room for third variables to explain more variance 
not considered in the present study.27

As a practical implication, it would be advisable for 
physicians and examiners to be aware of the influence of 
functional impairments on the psychological well-being 
of participants in the programme. Functional health 
impairments increase the risk for mental health prob-
lems,13 which in turn have the potential to worsen the 
overall health status. Thus, screening for mental health 
symptoms could be included in routine medical screening 
examinations to detect a potential need of psychological 
support among programme participants. In fact, a recent 
review called for an interdisciplinary intervention for 
people with past asbestos exposure including a psycho-
logical assessment.2

As a theoretical implication, future research should 
longitudinally assess the cognitive processes that evolve 
after a diagnosis following hazardous substance exposure, 
which at the same time carries the message of an increased 
future health risk. Past research on risk communication 
has shown that psychological symptoms only appear 
immediately after providing the health threatening infor-
mation but fade away even within a short period of time.7 
Thus, there must be some coping mechanism behind 
the information processing of an increased health risk, 
which support individuals to maintain their psychological 
well-being. From the present study, it seems as if affected 
individuals mentally and emotionally continue to deal 
with their specific health risk even years after exposure 
cessation but that the individual strain does not spread 
out to a generalised mental health disorder unless there 
is a bodily perceivable change on the individuals’ health 
status potentially related to the past asbestos exposure. 

To better understand the underlying mechanisms and 
set this research on sound theoretical grounds, future 
research could rely on past models from fear appeal 
research (see 28 for an overview).
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