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ABSTRACT
Objective: Research has suggested that psychological stress is positively associated with asthmamor-
bidity. One major source of stress in adulthood is one’s occupation. However, to date, potential links
of work stress with asthma control or asthma-specific quality of life have not been examined. We
aimed to address this knowledge gap. Methods: In 2014/2015, we conducted a cross-sectional study
among adults with asthma in Germany (n = 362). For the current analyses that sample was restricted
to participants in employment and reporting to have never been diagnosed with chronic obstructive
pulmonary disease (n = 94). Work stress was operationalized by the 16-item effort-reward-imbalance
(ERI) questionnaire,whichmeasures the subcomponents “effort”, “reward”and “overcommitment.”Par-
ticipants further completed the Asthma Control Test and the Asthma Quality of Life Questionnaire-
Sydney.Multivariable associationswere quantified by linear regression and logistic regression. Results:
Effort, reward and their ratio (i.e. ERI ratio) did not showmeaningful associations with asthmamorbid-
ity. By contrast, increasing levels of overcommitment were associatedwith poorer asthma control and
worse quality of life in both linear regression (ß = −0.26, p = 0.01 and ß = 0.44, p < 0.01, respectively)
and logistic regression (odds ratio [OR] = 1.87, 95% confidence interval [CI] = 1.14-3.07 and OR = 2.34,
95% CI = 1.32-4.15, respectively). Conclusions: The present study provides initial evidence of a positive
relationship of work-related overcommitment with asthma control and asthma-specific quality of life.
Longitudinal studies with larger samples are needed to confirm our findings and to disentangle the
potential causality of associations.

Introduction

Research has suggested that psychological stress is asso-
ciated with an increased occurrence of adult asthma [1].
One prominent and prevalent source of stress in adult life
is one’s occupation [2].Work stress has been found to pre-
dict various chronic conditions such as depression [3],
diabetes [4], and coronary heart disease [5]. Likewise, epi-
demiological studies have suggested positive associations
between work stress and the prevalence [6–8] or inci-
dence [9–11] of asthma. Notably, psychological stress is
not only linked to the occurrence of asthma, but may also
be associated with a poorer prognosis and with elevated
morbidity in asthma patients: A recent study found that
many patients perceive psychological stress as an impor-
tant determinant of their level of asthma control [12].
Furthermore, two epidemiological studies found evidence
that high levels of overall stress are associated with poor
asthma control [13] and a decreased quality of life [13, 14].

Although prior studies have thus suggested links a)
between work stress and the occurrence of asthma (i.e.,

CONTACT Adrian Loerbroks adrian.loerbroks@uni-duesseldorf.de Institute of Occupational, Social and Environmental Medicine, Centre for Health and
Society, Faculty of Medicine, University of Düsseldorf, Moorenstrase ,  Düsseldorf, Germany.

its presence versus absence) and b) between overall stress
levels and asthmamorbidity, studies that specifically con-
sider work stress (rather than overall stress) in relation
to asthma morbidity (rather than its prevalence or inci-
dence) remain markedly sparse. In fact, the current evi-
dence is limited to one single report [15]: in that study,
data from several cohort studies were pooled to examine
the link between work stress and severe asthma exacer-
bations, which were operationalized as asthma hospital
admissions or asthma death. Overall, a weak positive rela-
tionship was documented, which did not reach conven-
tional levels of statistical significant, however [15].

Although that earlier study provided important ini-
tial insights, its scope and potential implications remain
limited: hospital admission for asthma and fatal exac-
erbations are considered very rare and largely avoidable
events [16] and likely reflect levels of exceptionally poor
asthma control. It is thus of interest to examine potential
links between work stress and more fine-grained asthma
morbidity markers, such as asthma control or asthma-
specific quality of life. Asthma control refers to the degree
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to which manifestations of asthma are present in a given
patient [17].

Asthma control comprises two domains, these are,
symptom control and the future risk of adverse outcomes.
These domains are operationalized, amongst others, by
questions inquiring after daytime and nocturnal experi-
ence of respiratory symptoms and after the frequency of
reliever medication use. Asthma-specific quality of life
refers to the perceived impact that asthma has on the
patient’s quality of life [18]. Importantly, quality of life
is distinct from symptoms and considers the degree to
which experienced impairment matters to the patient.
Any relationship between work stress and asthma control
or asthma-specific quality of life would be consistent with
findings from the above-mentioned prior studies address-
ing overall stress and asthma [13,14] and with compelling
evidence suggesting biological plausibility of such asso-
ciations [19]. We set out to address this knowledge gap
by providing initial epidemiological data on the poten-
tial relationship of work stress with asthma control and
asthma-specific quality of life.

Methods

Study population

In 2014/2015, we conducted a cross-sectional study
among patients with asthma in Germany. Details have
been reported elsewhere [20]. Briefly, individuals were
eligible if they a) were aged 18 years or above and b)
reported that they had been diagnosed with asthma by
a physician. Participants were recruited through various
pathways, including physicians they were regularly in
contact with, pharmacies and patient organizations. Par-
ticipants could complete the questionnaire either online
or as pencil-on-paper. In total, 362 individuals had par-
ticipated [20]. For the current analyses, that sample was
limited to those who were in employment and reported
to have never been diagnosed with COPD (chronic
obstructive pulmonary disease) (n = 94). The latter
selection criterion was applied to reduce the likelihood
of confounding by COPD [21]. Our study was approved
by the ethics committee of the Medical Faculty at the
University of Düsseldorf. Participants provided written
informed consent prior to their inclusion in our study.

Work stress

Work stress was quantified by the 16-item version of the
effort-reward-imbalance questionnaire (ERI) [22], which
has been extensively psychometrically validated in dif-
ferent occupational samples [23]. The key theoretical
assumption of this established model [24,25] is that work
stress is present if work-related efforts exceed the received

rewards (the latter being for instance an adequate salary,
recognition, job security and promotion prospects).Work
stress according to the ERI model has been identified
as a robust predictor of numerous health outcomes in
prospective studies, including depression [26], cardiovas-
cular disease [27] and sickness absence [28].

Our ERI questionnaire measures effort by 3 items and
reward by 7 items, respectively. Examples of effort items
are “I have constant time pressure due to a heavy work-
load” or “I have many interruptions and disturbances
while performing my job.” Illustrative reward items are
“I receive the respect I deserve from my superior or a
respective relevant person” or “My employment secu-
rity is poor” [23]. Responses to items are provided on
a 4-point Likert scale to indicate the level of agreement
(1= strongly disagree; 2= disagree; 3= agree; 4= strongly
agree). We collapsed responses across items to create con-
tinuous effort and reward variables. The resulting effort
and reward subscale scores potentially range from 3 to 12
and from 7 to 28, respectively. Further, in line with recom-
mendations [24,25], we calculated the ratio of effort and
reward weighted by the respective number of items.

Except for effort and reward, the ERI model contains a
third component, that is, overcommitment. Being over-
committed to work implies that one feels overly obli-
gated and dedicated to her/his work. Overcommitment
was measured by six items. Illustrative items are “As soon
as I get up in the morning I start thinking about work
problems” or “If I postpone something that I was sup-
posed to do today I’ll have trouble sleeping at night” [23].
Again, responses were 4-point Likert scaled and were col-
lapsed to operationalize overcommitment as a continuous
variable which had a potential score range from 6 to 24.
All three ERI subscales showed good internal consistency
as indicated by Cronbach’s alphas of 0.75 for effort and
0.79 for reward and overcommitment, respectively.

Asthmamorbidity

Levels of asthma control were assessed by the Asthma
Control Test (ACT) [29], which consists of five ques-
tions inquiring after the frequency of nocturnal asthma
symptoms, shortness of breath, limitations in everyday
life and the utilization of reliever medication. In addition,
respondents are asked to provide an overall estimate of
their perceived level of asthma control. Each question
has five response options, which are scored as 1 to 5
points, respectively. We summed up the scores across all
items yielding a total score with a potential range of 5 to
25 points with higher scores indicating a better level of
control.

Participants also completed the German version of
Asthma Quality of Life Questionnaire Sydney (AQLQ-S)
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[30,31] whichmay be themost suitable tool formeasuring
disease-specific quality of life among German-speaking
asthma patients [32]. The AQLQ-S comprises 20 items
which are 5-point Likert-scaled. Responses on each item
are scored as 0 to 4 points. As recommended [31], the
derived total scores was multiplied by 2.5 to transform
scores to a range from 0 to 10, which improves inter-
pretability. Lower AQLQ-S scores reflect better quality of
life.

Statistical analyses

We conducted analyses using different regression mod-
els. We used linear regression models to examine the
links of each continuous independent variable (i.e., effort,
reward, the ERI ratio and overcommitment) with each
dependent continuous variable (i.e., ACT and AQLQ-
S). Associations were quantified by standardized (ß) and
unstandardized regression coefficients (b). Furthermore,
we ran logistic regression analyses with z-transformed
continuous independent variables andwith dichotomized
dependent variables. To dichotomize the ACT, its well-
established cut-off (i.e. � 19 points) [33] was applied.
In contrast to the ACT, the AQLQ-S lacks an estab-
lished cut-off. We therefore dichotomized the AQLQ-S
based on the distribution of its scores. This approach to
the dichotomization of quality of life measures is consis-
tent with earlier research [20,34,35]. Specifically, we used
two alternative cut-offs in two separate sets of analyses
to examine the robustness of findings. One cut-off was
set at the bottom tertile and another at the median of
the score distributions. Logistic regression estimates were
expressed as odds ratio (OR) with corresponding 95%
confidence intervals (CI).

Confounders were identified based on the literature
[11,14,36–39]. All models were initially adjusted for
age and sex. Next, we additionally corrected for edu-
cational levels, body mass index (BMI) and smoking
status. Educational levels were measured by reports of
the highest school degree that had been attained in
the German schooling system and were categorized into
high ( = general qualification for university entrance
[‘Abitur’] or entrance qualification limited to universi-
ties of applied sciences [‘Fachhochschulreife’]), interme-
diate ( = secondary school certificate [‘Mittlere Reife’]),
low ( = secondary modern school qualification [‘Haupt-/
Volksschulabschluss’] or no formal school degree). BMI
was calculated based on reported height and weight
(kg/m2) and employed in the analyses as a continuous
variable. To characterize the study sample more appro-
priately, we also categorized BMI into lean, i.e., BMI <

25 kg/m2, overweight, i.e. BMI of 25 to < 30 kg/m2 and
obese, i.e., BMI � 30 kg/m2.

Smoking status was measured by three categories (i.e.,
current, former, and never), which were collapsed into
two categories (e.g., ever vs never) due to low numbers.
In addition, participants reported whether they suffered
from a wide range of allergies. We did not control for
reported allergies as this atopic outcome may lie on a
potential causal pathway andmay thus operate as mediat-
ing factors [36,40] and adjustment for such factors is not
recommended [41]. We will however add those data to
the description of our study sample. In addition, we will
present data on the duration of disease (i.e., year of study
participation – reported year of diagnosis), the age at diag-
nosis (i.e., year of diagnosis – reported year of birth) and
the mode of employment (full-time versus part-time).

Results

Our study included 94 participants (Table 1). Participants
were mainly middle-aged (mean = 44.8, standard devi-
ation = 10.7), female (78.5%), held intermediate or high
school degrees (82.8%), were overweight or obese (60.2%)
and have never smoked (58.5%). In total, 90% of the par-
ticipants reported to have at least one allergy. Slightly
more than half of the sample reported to be in full-time
employment. As much as 70% of the respondents were
exposed to work stress according to the ERI-model (i.e.

Table . Characteristics of the study population.

Characteristic

Age (years), mean (SD) . (.)
Female gender, n (%)  (.)
Years since asthma diagnosis, mean (SD) . (.)
Age at diagnosis (years), mean (SD) . (.)
Education, n (%) Low  (.)

Intermediate  (.)
High  (.)

Body mass index (kg/m), n (%) Lean  (.)
Overweight  (.)
Obese  (.)

Body mass index (kg/m), mean (SD) . (.)
Smoking status, n (%) Never  (.)

Ever  (.)
Any allergy, n (%) No  (.)

Yes  (.)
Mode of employment, n (%) Full-time  (.)

Part-time  (.)
Effort score, mean (SD) . (.)
Reward score, mean (SD) . (.)
High effort reward imbalance at work, n (%) No  (.)

Yes  (.)
Effort reward imbalance at work, mean (SD) . (.)
Overcommitment score, mean (SD) . (.)
Poor asthma control, n (%) No  (.)

Yes  (.)
ACT score, mean, (SD) . (.)
AQLQ-S score, mean (SD) . (.)

Any report of allergy to either foods, pollen, dust mites, fur, venom, drugs or
allergic contact eczema in response to detergent, cosmetics, nickel and alike.
Work stress operationalized by the theory-based effort-reward-imbalance
ratio cut-off at ..
Defined as a score of  or lower on the Asthma Control Test.
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Table . Associations of work stress with asthma control and asthma-specific quality of life (linear regression).

Asthma control Asthma-specific quality of life

Model a Model b Model a Model b

Work stress b β p b β p b β p b β p
Effort −. −. . −. −. . . . . . . .
Reward . . . . . . −. −. . −. −. .
ERI ratio −. −. . . . . . . . . . .
Overcommitment −0.35 −0.28 0.01 −0.34 −0.26 0.01 0.21 0.41 <0.01 0.22 0.44 <0.01

Note. Significant findings are shown in bold.
aAdjusted for age and sex.
bAdjusted for age, sex, education, body mass index and smoking status.

Abbreviations: b= unstandardized regression coefficient; ß= standardized regression coefficient; ERI= effort-reward imbalance; p= p value.

ERI-ratio > 1.0). We observed a broad score range for
eachERI construct, that is, 3 to 12 points for the effort sub-
scale, 7 to 24 points for reward, and 6 to 23 points on the
overcommitment subscale. Almost half of the participants
(45%) hadpoorly controlled asthma according to theACT
cut-off. The asthma-specific quality of life, asmeasured by
the AQLQ-S, was rather good as reflected by amean score
of 3.3 points.

As shown in Table 2, effort, reward and the ERI-ratio
did not show meaningful associations with asthma mor-
bidity in linear regression analyses. By contrast, irrespec-
tive of the level of statistical adjustment, we observed
that increasing levels of overcommitment were associ-
ated with poorer asthma control (ß = −0.26, p = 0.01)
and worse quality of life (ß = 0.44, p < 0.01). The logis-
tic regression models (Table 3) generally confirmed the
observations from linear regression analyses, in particular
overcommitment’s association with poor asthma control
(OR = 1.87, 95% CI = 1.14–3.07) and its poor asthma
quality of life (OR for the cut-off at the median = 2.80,
95% CI = 1.51–5.19, and OR for the cut off at the bottom
tertile = 2.34, 95% CI = 1.32–4.15).

Discussion

This cross-sectional study investigated potential links of
work stress, measured by the ERI model, and asthma
morbidity as quantified by the ACT and AQLQ-S.
We observed consistent relationships between over-
commitment and asthma morbidity while there was no

evidence of important associations with the other ERI
constructs.

Previous longitudinal studies have suggested that work
stress is associated with an increased risk of asthma
[9–11]. Interestingly, in support of our current findings,
we observed in an earlier study that one specific work
stress factor, which was conceptually related to overcom-
mitment (e.g., including items on the inability to relax
after work) predicted the onset of asthma [11]. With
regard to work stress according to the ERI model, there
is evidence from prior cross-sectional studies, which sug-
gested rather modest associations between the individual
ERI constructs and asthma prevalence [6,8].

To date, evidence on the links between stress and
asthmamorbidity from adult samples remains sparse and
prior studies [13,14,42] have only drawn on a summary
measure of psychological stress (i.e., the Perceived Stress
Scale [43]). Overall, those studies found stress to be pos-
itively associated with asthma morbidity [13], asthma-
related quality of life [14] and flares among patients with
allergy [42]. Building on that that prior evidence we
sought to examine potential links between stress specif-
ically due to one’s work and asthma morbidity. Effort,
reward and the ERI ratiowere unrelated to asthma control
or asthma-specific quality of life and thus in this respect
our findings are not in agreement with those previous
observations.

Our study did, however, reveal close associations
between overcommitment and asthma morbidity. This

Table . Associations of work stress with asthma control and asthma-specific quality of life (logistic regression).

ACT AQLQ-S (cut-off at median) AQLQ-S (cut-off at tertile)

Model a Model b Model a Model b Model a Model b

Work stress (z-scores) ORd % CIe OR % CI OR % CI OR % CI OR % CI OR % CI
Effortf . .–. . .–. . .–. . .–. . .–. . .–.
Rewardf . .–. . .–. . .–. . .–. . .–. . .–.
ERIg-ratiof . .–. . .–. . .–. . .–. . .–. . .–.
Overcommitmentf 1.76 1.11–2.77 1.87 1.14–3.07 2.40 1.42–4.06 2.80 1.51–5.19 2.06 1.25–3.39 2.34 1.32–4.15

Note. Significant findings are shown in bold.
aAdjusted for age and sex.
bAdjusted for age, sex, education, body mass index and smoking status.

Abbreviations: CI= confidence interval standardized regression coefficient; ERI= effort-reward imbalance; OR= odds ratio.
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finding may highlight the potential importance of work-
related psychosocial exposures that are traditionally con-
ceptualized as fairly constant personal characteristics:
Overcommitment is assumed to be related to personal-
ity traits rather than to the actual work conditions. One
may therefore hypothesize that employees with asthma
who may face reduced workability due to their condi-
tion [44] are to some extent able to adapt their work
conditions to their disease (e.g., reducing efforts, expect-
ing less reward). As a result, efforts and rewards may
lack associations with asthma morbidity. However, such
coping may be less feasible when it involves fairly sta-
ble personality-related factors such as overcommitment,
which could explain why this factor was related to asthma
morbidity. Alternatively, overcommitmentmay have been
the only ERI model component linked to asthma mor-
bidity, because overcommitment is most likely to cap-
ture actual work-related physiological strain. Although
effort and reward items inquire after the exposure to psy-
chosocial work conditions, overcomittment captures the
psychophysiological responses to work conditions (e.g.
increased arousal, rumination and sleep problems). Thus,
high levels of overcommitment may identify workers
who are psychophysiologicallymost vulnerable to adverse
work conditions, which may generalize to elevated mor-
bidity in workers with asthma.

The biological mechanisms potentially underlying our
observed associations likely involve the physiology of
stress responses. Acute stress is associated with increased
release of corticosteroids. Representing a cornerstone of
asthma therapy, corticosteroids down-regulate immune
responses and thus result in decreased airway inflamma-
tion [17]. However, during chronic stress exposure cor-
ticoid sensitivity may be decreased, as suggested by in-
vitro experiments [45]. According to Liu et al. [46] airway
inflammation after allergen exposure may be increased
by psychological stress. Furthermore neuroendocrine and
immunological deregulation due to psychological stress
was observed in several studies: for instance, psycholog-
ical stress was related to increased delayed-type allergic
reactions [47] and to higher levels of substance p, a pro
inflammatory neuroendocrine messenger [48]. Finally,
links between stress and asthma would be consistent with
observations related to other inflammatory diseases with
similar pathomechanisms and similar therapy (i.e., cor-
ticosteroids or immunosuppressants), such as chronic
inflammatory bowel diseases [49].

The main limitation of our study is its cross-sectional
design. Despite the plausibility that overcommitment
contributes to increased asthma morbidity, the oppo-
site direction of effect cannot be ruled out. Further, the
sample size of our study was small. As a consequence,
estimates derived in particular frommultivariablemodels

may have constrained validity due to a suboptimal ratio of
the number of cases to the number of independent vari-
ables. Also, owing to the small sample we were unable to
conduct analyses stratified by sex or other potentially rel-
evant effect-modifiers.

Our study would have been strengthened by availabil-
ity of data on asthma severity and objective data such as
peak-flow measures or results from spirometric testing.
Regrettably though, collection of such information was
beyond the scope of our study. Such data had also been
useful to improve our asthma case definition, which solely
relied on self-reports of having ever received a physi-
cian’s diagnosis. However self-reports of physician diag-
nosed asthma are considered valid approaches to assess-
ing asthma in surveys [50], are highly reliable [51], and
show good agreement with data from medical records
[52,53].

Furthermore, the distribution of some key charac-
teristics of our sample is in line with what would
be typically expected in an asthma patient popula-
tion: For instance, the vast majority of participants
reported at least one allergy. Moreover, the mean age
at asthma diagnosis was 32.4 years and most have
never smoked. These aspects and the restriction of our
study to patients who reported to have never been
diagnosed with COPD, just like in previous studies
[13,14], make the confusion of asthma with COPD
unlikely in our study. Further, the proportion of partic-
ipants with poorly controlled asthma (45%) is closely in
line with findings reported elsewhere [54]. Our study
population comprised a relatively high percentage of
women (79%), which falls, however, in the range reported
in prior studies in this field of research, that is, the stud-
ies by Wisnivesky et al. (63% women)[13] and Kimura
et al. (83% women)[14]. However, we cannot be certain
that our sample is representative for all asthma patients
in Germany, because patients were recruited by various
pathways (partially locally, partially nationwide), and the
response rate cannot be determined.

Conclusion

The present study found, for the first time, evidence of
a positive relationship of overcommitment at work with
asthma control and asthma-specific quality of life. Further
studies with a longitudinal design and larger samples are
needed to confirm our findings and to provide insights
into the potentially causal directions of those associations.
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