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j Abstract Background Evidence indicates that an
adverse psychosocial work environment contributes to
the explanation of depressive symptoms. Research was
mainly informed by two theoretical models, the de-
mand-control and the effort-reward imbalance model.
Yet, a comparative analysis of the two models, using
original scales, has not yet been conducted in an
unselected working population. Methods A total of
1,811 working men and women from the baseline
screening of an epidemiological cohort study were
interviewed (job stress, depressive symptoms [CES-D],
health behaviours, medical history, socio-demographic
characteristics). Logistic regression models were cal-
culated to estimate associations between depressive
symptoms, the two job stress models and relevant
covariates. Results Analyses showed significantly in-
creased multivariate odds ratio (OR) of job strain and
effort-reward imbalance. When the two models were
mutually adjusted control [OR, 95%CI = 1.9, 1.3–2.7],
effort-reward imbalance [OR, 95%CI = 3.4, 2.1–5.1]
and overcommitment OR, 95%CI = 3.9, 2.7–5.8] were
independently associated with depressive symptoms
Additional tests of interaction between the models re-
vealed relatively highest level of depressive symptoms

in employees who simultaneously reported low control
and high overcommitment. Conclusions Components
of an adverse psychosocial work environment are
associated with depressive symptoms in an unselected
working population. Policy implications of accumu-
lated evidence on this relation should be addressed.

j Key words depression – job stress – demand-
control – effort-reward imbalance – occupational
health

Introduction

Evidence indicates that an adverse psychosocial work
environment contributes to the explanation of
depressive symptoms including major depressive epi-
sodes in initially healthy populations. This has been
demonstrated for two models that specify an adverse
psychosocial work environment in stress-theoretical
terms, the demand-control model [13] and the effort-
reward imbalance model [26]. The focus of the former
model is on a specific combination of job task charac-
teristics, i.e. high quantitative psychological demands
and a low degree of control over one’s tasks, a combi-
nation that prevents the experience of autonomy of the
working person. The latter model is concerned with the
reciprocity of a contractual exchange at work where
efforts are compensated by adequate rewards in terms
of money, career opportunities including job security
and esteem. Lack of reciprocity (high effort and low
reward) is relatively frequent in modern economy and
may elicit strong stress reactions due to the fact that a
basic principle of social exchange is violated.

Several cross-sectional and prospective investiga-
tions found partial or full support by analysing the
components of the demand-control [8, 14, 18–20, 29,
32–34] or the effort-reward imbalance model [7, 15, 16,SP
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18, 21, 29, 30] respectively. However, few studies so far
examined the two models simultaneously with regard
to depression although this approach is important at
least for two reasons. First, the models identify com-
plementary aspects of a stressful work environment
and, thus, offer the opportunity to evaluate the relative
strength of each association with the outcome under
study. Secondly, if either model is associated with
depression, a more comprehensive set of worksite
intervention measures needs to be developed for pre-
ventive reasons, in particular for people whose work
environment is characterised by features of the de-
mand-control and the effort-reward imbalance model.

To our knowledge, four studies explored the asso-
ciation of the two models with depression so far, but
each one has limitations. One study used proxy mea-
sures of the job stress models [29], a second study was
restricted to a relatively small sample of 190 working
men of a car producing company in Japan [30] and a
third investigation analysed these associations in a
sample of some 1,168 middle-aged working men and
women from central and eastern Europe [21], but in-
cluded partial measures of the two models only (no
measures of ‘demands’ and of ‘overcommitment’). Fi-
nally, a most recent investigation was restricted to
employees working in a specific company that was
subjected to a major organisational change [18].

Therefore, this study sets out to analyse the asso-
ciation between either job stress model and depres-
sive symptoms (1) by using the original scales
measuring the models, (2) by testing the hypothesis in
an unselected population drawn from a random
sample on the basis of urban citizen registries (thus
representing a variety of occupations), and (3) by
adjusting for important confounders including the
effect of a possible reporting bias. Furthermore, (4)
interaction between components of the two work
stress models are analysed with respect to risk of
depressive symptoms.

Methods

j Sample

Data were collected during the baseline examination of the Heinz
Nixdorf Recall (HNR) Study, an ongoing prospective population-
based cohort study in Germany (for rationale and design see
Schmermund et al. [25]). The study base was the general German
population aged 45–74 years, living in three cities in an indus-
trialized urban region (Ruhr Area). Participants were recruited
out of a random sample derived from mandatory citizen regis-
tries. A total of 4,814 men and women agreed to participate,
which corresponds to a response proportion of 55.8%. Details
about the sample, the recruitment method, non-responder
characteristics and possible sources of bias are presented else-
where [28].

For this investigation, we restricted the sample to working
individuals with a regular working time of at least 15 h a week and
an age below the official retirement age of 66 years. A total of 1,811
persons met these criteria (37.6% of total), 1,070 men and 741
women.

j Data collection

Although the main focus of the HNR Study is to clarify the value of
subclinical coronary calcification as a predictor of cardiac events
during follow-up, a variety of biomedical, behavioural, psychoso-
cial and socio-economic risk factors were assessed as well. For the
analyses presented in this article we used information from com-
puter-assisted-personal interviews, paper and pencil questionnaires
which were accomplished during the baseline screening, taking
place from December 2000 to August 2003 in a study site at the
University Clinic in Essen. To guarantee a high quality of data, a
far-reaching quality assurance strategy had been applied. The
interviewer staffs of students, nurses and medical doctors were
intensively trained. Furthermore, the study design was reviewed by
an international panel of experts and, in addition to continued
external monitoring, an official certification was achieved (DIN EN
ISO 9001:2000).

j Depressive symptoms

Participants filled in the Center for Epidemiological Study-Depres-
sion Survey (CES-D) questionnaire in a 15 item version [9, 22]. This
frequently applied screening instrument contains questions about
the 7-day incidence of different types of depressive symptoms
(sample questions: ‘‘during the past week I felt sad’’ or ‘‘during the
past week I felt fearful’’). Answers are given on a 4-point Likert-scale
ranging from ‘‘less than one day’’ (0) to ‘‘5–7 days’’ (3). We calculated
a sum score of all items with a range of 0–45, with higher values
indicating higher symptom load. The internal consistency of the
questionnaire was appropriate (Cronbach’s alpha for the whole
sample = 0.86; men = 0.83; women = 0.88). However, as the score
was not normally distributed we calculated logistic instead of linear
regression models. For this purpose the score was dichotomised.
Using gender specific cutpoints, participants with values in the upper
quartile of the distribution in our sample were defined as exposed, i.e.
as suffering from depressive symptoms. This distribution-based cut-
off point was chosen because the distribution of the CES-D scores in
this sample of working men and women differed from the reference
population for the instrument (where a cut-off point of 17 was pro-
posed) [9].

j Job stress models

Both job stress models were measured by validated questionnaires.
The demand-control model was operationalised by 16 items from
the job content questionnaire [12, 13], where the dimensions of
control and demand were assessed by 8 items respectively. Scales
were constructed by summing up the answers for each dimension.
A job strain variable was constructed by dichotomising the two
scales (median) and combining them into one variable with the
categories ‘no strain (low demands and high control)’, ‘active job
(high demands and high control)’, ‘passive job (low demands and
low control)’ and ‘job strain (high demands and low control)’. As in
previous studies [15, 18, 21, 29, 30], the two scales were also ana-
lysed separately. Continuous scores of each scale were transformed
into four exposure levels by using gender-specific quartiles as cut-
off points. These categorical variables entered multivariate logistic
regression, with the lowest exposure level (low demands/high
control) as reference category.

The effort-reward imbalance model distinguishes between two
main sources of stressful experience at work, an extrinsic compo-
nent defined by perceived efforts and experienced or anticipated
rewards; and an intrinsic component which identifies a motiva-
tional pattern of work-related overcommitment [26, 27]. The first
component is measured by 17 items (scale effort: 6 items; scale
reward: 11 items). To mirror the core theoretical notion of non-
reciprocal exchange at work, a ratio of these two scales was con-
structed according to established recommendations [27].
Overcommitment was measured by a unidimensional scale of 6
items. Again, exposure levels of the two scores were defined by
quartiles.
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j Covariates

We added a set of covariates to the multivariate regression models.
Gender and age were introduced because they are standard risk
factors of depression. Furthermore, education and occupational
status were added as indicators of socio-economic position. Edu-
cation was classified according to the International Standard Clas-
sification of Education [31] as total years of formal education,
combing school, and vocational training. A crude measure of
occupational status describes whether participants are blue-collar
workers, white-collar workers or self-employed. Additionally,
average working hours per week were introduced as a covariate to
adjust for exposure duration of work-related stress. Concerning
nonworking life, an important factor related to mental health was
included, social integration. The social integration index [1] is a
composite measure of social activities and integration into family
and community life. It includes different types of social contacts
(partnership, family members, friends and participation in volun-
tary organisations). As chronic disease may affect mood and, thus,
produce a response bias, a score of five highly prevalent chronic
disease conditions was constructed (history of coronary heart dis-
ease or stroke, diabetes, hypertension, hypercholesterolaemia) and
included into multivariate analysis. Finally, cigarette smoking
(‘‘former—current—never smoker’’) and physical inactivity (less
than once a week regular sports) were selected as relevant behav-
ioural covariates.

j Data analyses

As mentioned, we calculated multivariate logistic regression models
with the dichotomised CES-D score as a dependent variable to
examine statistical relationships between job stress and depressive
symptoms. Covariates were added to the models consecutively,
starting with gender and age and ending with a fully adjusted
model. In the first step, the two models were analysed separately.
Thereafter, both models were simultaneously included to estimate
their independent effects.

Interaction was tested using the method described by Roth-
mann [23]. A combined exposure variable was computed by
combining the high exposure categories of two variables, e.g. the
control scale and the effort-reward-ratio. A synergy index was
calculated to test if the combined exposure significantly exceeds the
additive effect of the two single exposures [4]. An index >1 indi-
cates a synergistic interaction. All calculations were done with the
SPSS statistical package 12.0.1.

Results

The distribution of the dependent and independent
variables is given in Tables 1 and 2. We should add
that 26.3% (N = 468) of the participants had depres-
sion scores in the upper quartile.

Table 3 shows the associations between the five
indicators of job stress and depressive symptoms: a
higher exposure to job stress is associated with a
higher symptom load. The relative differences are
mostly similar in both sexes, therefore the following
results refer to the whole sample. Bivariate findings
are further proved using multivariate regression. In
Table 4 estimations of the strength of association of
either job stress model with depressive symptoms are
given.

Odds ratios in the first and the second column are
derived from separate regression analyses for each job
stress component. Job strain and its components of

low control and high demand are significantly related
to depressive symptoms where the probability of
exhibiting high depressive symptom load increases
with a decreasing control score and an increasing
demand score. Estimators are only slightly affected by

Table 1 Description of the sample (total number of eligible persons = 1,811)

Characteristic (no. of missings) Number [Mean] % [SD]

Age (0) [53.1] [4.6]
Gender (0)

Male 1,070 59.1
Female 741 40.9

Education—years of training (0)
<10 93 5.1
11–13 875 48.3
14–17 500 27.6
‡18 343 18.9

Occupational status (1)
Blue-collar 342 18.9
White-collar 1,216 67.2
Self-employed 252 13.9

Weekly Working hours (8) [42.0] [12.9]
Social integration index (36)

Level I (Isolation) 80 4.5
Level II 768 43.3
Level III 739 41.6
Level IV 188 10.6

Chronic diseases (6)
0 685 38.0
1 695 38.5
2 363 20.1
3 and more 62 3.4

Smoking status (0)
Current smoker 557 30.8
Former smoker 660 36.4
Never smoked 594 32.8

Sports (1)
Less than once a week 768 42.4

Table 2 Distribution of the CES-D and the continuous job stress scales

Characteristic (no. of missings) Median SD Number %

Depressive symptoms (29)
Total 6.0 5.9
Men 6.0 5.2
Women 7.0 6.7

Categorical
1–3 Quartile 1,314 73.7
4 Quartile 468 26.3

Demand (11)
Total 21.0 4.2
Men 21.0 4.2
Women 21.0 4.2

Control (8)
Total 27.0 4.6
Men 28.0 4.1
Women 26.0 5.0

Effort-Reward-Ratio (6)
Total 0.50 0.21
Men 0.51 0.19
Women 0.49 0.23

Overcommitment (7)
Total 13.0 4.0
Men 13.0 4.0
Women 13.0 4.0
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additional adjustment for covariates. Results of the
complementary job stress model are comparable. The
higher the imbalance between effort and reward, and
the higher the degree of overcommitment, the higher
the odds ratios of reporting a high number of
depressive symptoms. Again, adjustment for covari-
ates does not reduce these strong effects.

The third column shows the results of a regression
model in which all components are entered simulta-
neously. An exception is job strain which is not
additionally adjusted for its sub-components. It is
obvious that all odds ratios are reduced in this anal-
ysis. Job strain and the demand scale were no longer
associated with depressive symptoms. Low control,
effort-reward-imbalance, and overcommitment re-
mained significantly related to symptoms, indicating
that they have independent relationships to the out-
come measure. For the three remaining variables, we
conducted further analyses to test possible interaction
effects on depressive symptoms. Two models were
analysed, first a combination of low control and the
effort-reward-ratio, second, a combination of low
control and overcommitment. Results are shown in
Table 5. Employees who were exposed to low control
and effort-reward imbalance had a higher odds ratio
of depressive symptoms compared to those who re-
ported only a single or no exposure, but this combi-
nation did not exceed the additive effect of either

Table 3 Median values of the CES-D scale and prevalence of a high depression
score by job stress exposure level

Exposure level Men Women

Median
CES-D

SD % High
CES-D score

Median
CES-D

SD % High
CES-D score

Demand scale
I Low demands 5.0 4.7 21.2 6.0 5.5 19.3
II 5.0 4.8 26.0 7.0 6.4 21.2
III 6.0 4.8 30.2 7.0 6.4 24.4
IV high demands 6.0 6.0 36.1 8.0 8.0 27.5

Control scale
I high control 4.0 4.5 20.8 5.0 6.1 15.1
II 5.0 5.3 28.8 7.0 6.5 25.9
III 6.0 5.4 27.1 8.0 6.7 24.5
IV Low control 7.0 5.3 36.0 8.0 7.2 26.3

Job strain
I Low strain 5.0 4.6 19.2 5.0 5.1 14.9
II Active job 5.0 5.3 30.1 7.0 6.9 25.4
III Passive job 6.0 4.8 27.2 8.0 6.4 24.6
IV Job strain 7.0 5.9 39.6 8.0 7.6 26.6

Effort-reward-ratio
I Balance 5.0 4.1 16.2 5.0 5.1 14.0
II 5.0 4.9 22.9 6.0 5.2 13.7
III 6.0 4.9 27.2 7.0 6.6 25.1
IV Imbalance 8.0 5.9 47.3 10.0 8.1 41.0

Over-commitment (OC) scale
I Low OC 5.0 3.7 14.5 5.0 4.7 11.1
II 5.0 5.3 21.6 6.0 6.1 22.0
III 6.0 4.7 29.9 7.0 6.5 24.1
IV High OC 8.0 6.1 45.0 9.0 8.1 37.7

Table 4 Results from multivariate
regression: associations between the
components of the two job stress
models and depressive symptoms;
estimators = odds ratios (OR) and
95% confidence intervals (CI)

Exposure level n Adjustment for
age & sex

Adjustment for
age, sex &
covariatesa

Adjustment for age,
sex, covariates & job
stress componentsb

OR 95%CI OR 95%CI OR 95%CI

Demand scale
I Low dem. 422 1 1 1
II 458 1.25 0.91, 1.72 1.35 0.97, 1.86 0.89 0.62, 1.27
III 385 1.52 1.09, 2.11 1.73 1.24, 2.43 0.81 0.54, 1.20
IV High dem. 475 1.91 1.40, 2.59 2.17 1.58, 3.00 0.80 0.53, 1.19

Control scale
I High control 395 1 1 1
II 508 1.70 1.23, 2.34 1.74 1.25, 2.41 1.60 1.28, 2,73
III 394 1.55 1.10, 2.18 1.39 1.12, 2.26 1.64 1.13, 2.39
IV Low control 445 2.07 1.50, 2.86 1.97 1.38, 2.81 1.87 1.28, 2.73

Job strain
I Low strain 384 1 1 1
II Active job 518 1.86 1.34, 2.58 2.02 1.44, 2.80 1.01 0.69, 1.46
III Passive job 496 1.64 1.18, 2.29 1.57 1.12, 2.22 1.55 1.08, 2.22
IV Job strain 342 2.41 1.70, 3.40 2.42 1.69, 3.48 1.14 0.76, 1.70

Effort-reward-ratio
I Balance 431 1 1 1
II 449 1.34 0.94, 1.89 1.51 1.05, 2.17 1.31 0.89, 1.92
III 431 1.98 1.41, 2.78 2.28 1.61, 3.25 1.70 1.15, 2.54
IV Imbalance 431 4.58 3.31, 6.34 5.39 3.82, 7.59 3.36 2.11, 5.10

Over-comm-(OC) scale
I Low OC 480 1 1 1
II 311 1.82 1.25, 2.65 1.99 1.35, 2.92 1.76 1.18, 2.62
III 502 2.45 2.45, 3.40 2.92 2.07, 4.10 2.27 1.58, 3.27
IV High OC 449 4.82 3.48, 6.66 6.19 4.37, 8.75 3.94 2.66, 5.83

aEducation, occupational status, working hours, social integration, chronic disease, smoking, physical inactivity
bThe components of the job stress models are adjusted for each other. For strain, the main components (control,
demand) were not included in the model
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condition. In contrast, a synergistic interaction of low
control and high overcommitment was observed.

Discussion

This study documented strong associations of the
extrinsic and intrinsic component of the effort-reward-
imbalance model with depressive symptoms in a sam-
ple of an unselected working population. In addition,
low control, but not high demand and job strain at work
was associated with depressive symptoms as well when
both models were analysed simultaneously. Further-
more, a synergistic interaction between overcommit-
ment and low control was found when a combined
exposure to both components was studied. Results
were largely comparable for men and women when
gender specific analyses were additionally performed
(results not shown). Extensive adjustment did not alter
the findings. For all job stress components with sig-
nificant effects, a stepwise increase in odds ratios from
lower to higher quartiles was observed. The same holds
true for analyses based on the cut point for clinical
depression although confidence intervals were large
due to a small number of cases [10].

Our finding of an association of effort-reward
imbalance with depression is in accordance with the
results of previous reports, three prospective [7, 15,
29] and four cross-sectional studies [16, 18, 21, 30].
Although three of these investigations used proxy or
incomplete measures, this convergence of results adds
to the robustness of the observed relationship.

As mentioned in the Introduction, four studies
tested the effort-reward-imbalance and demand-con-

trol models simultaneously. Findings of our investi-
gation are in line with those reported by Niedhammer
et al. [18] and Tsutsumi et al. [30]. They both ob-
served an effect of low control, but not of high de-
mand at work with depression after adjusting for the
alternative model. In a third study, the effect of low
control disappeared after adjusting for socio-eco-
nomic factors, whereas the effect of effort-reward
imbalance remained significant [21]. Unfortunately,
the only report documenting independent effects of
high demand, low control (decision authority), and
effort-reward imbalance is based on proxy measures
and cannot be compared in a strict sense [29]. Yet, it
should be mentioned that several investigations found
significant relations of both components, demand and
control, with depression without including the com-
plementary effort-reward imbalance model [8, 14, 19,
20, 32–34]. Moreover, we may have underestimated
the contribution of this model to some extent as we
did not include a third dimension, social support at
work, that is sometimes considered an additional
model component [12].

The fact that the present study is the first to test the
two models with original scales in an unselected
population covering a wide range of different occu-
pations adds to the validity of previous findings which
were restricted to specific occupational groups [18, 29,
30]. Given the independent and combined effects of
components of the two models, we recommend using
both measures of psychosocial stress at work in future
studies.

Despite this degree of concordance, this study suf-
fers from several limitations. First, due to its cross-
sectional design an inference concerning a causal

Table 5 Interaction between effort-
reward imbalance, overcommitment
and low control (exposed = upper
quartile of the respective scale)

Exposed? n Adjustment for age,
sex & covariatesa

Synergy index
(95%CI)

OR 95%CI

Control & effort-reward-ratio Low control > no 979 1
Imbalance > no

Low control > yes 331 1.41 1.03, 1.93
Imbalance > no

Low control > no 317 3.63 2.73, 4.82
Imbalance > yes

Low control > yes 112 4.09 2.69–6.23 1.02 (0.56–1.85)
Imbalance > yes

Control & over-commitment (OC) Low control > no 938 1
OC > no

Low control > yes 354 1.10 0.88, 1.63
OC > no

Low control > no 358 2.89 2.17, 3.83
OC > yes

Low control > yes 91 5.44 3.44, 8.60 2.14 (1.12–4.06)
OC > yes

aEducation, occupational status, working hours, social integration, chronic disease, smoking, physical inactivity
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direction of the association is problematic. We cannot
exclude reverse causation where respondents with
depressive symptoms perceive their psychosocial work
environment as particularly stressful. At best, we can
conclude that results concur with those obtained from
prospective observational studies [7, 15, 19, 29].

Furthermore, we were not able to adequately con-
trol for bias due to common method variance [11] as
no alternative measure of health was available. To
approximate the possible bias, we included a measure
of negative affectivity [2] in the regression analysis to
explore the effect of a response style that may underlie
the observed association (results not shown). This
additional adjustment reduced the odds ratios for the
main job stress measures, but they remained signifi-
cantly elevated. This result indicates that common
method variance does not fully explain the relation-
ship between job stress and depressive symptoms in
our study. On the other hand, given a high correlation
of negative affectivity with depression, we may run
the risk of overadjustment.

Another possible source of bias is a selection bias
due to nonresponse of eligible subjects. We conducted
a number of nonresponse analyses published in a
former article [28] which showed that the sample has
a good external validity. Nonetheless, possible bias
could not be ruled out and should be acknowledged
when interpreting the results.

A further limitation is the lack of a more com-
prehensive analysis that includes interactions between
work and family life [33], an issue of future explora-
tion. Finally, it would have been interesting to include
biological markers of risk for depression, such as
polymorphism of the 5-HT gene, in order to test gene-
environment interaction in relation with depression
[3].

These limitations are balanced by several strengths.
First, we applied validated scales to measure inde-
pendent and dependent variables and we performed
state of the art analyses with careful adjustments
including a range of important confounders. Second,
our findings are based on an unselected sample of
middle-aged to early-old age working men and
women from a variety of occupations. Therefore it is
unlikely that the observed odds ratios are due to a
specific occupational or socio-economic subgroup
within this sample. Third, particular emphasis was
put on high quality performance in gathering the
data. We used computer-assisted personal interview
to assess the two job stress models, and interviewer
underwent an extensive training to avoid known
sources of systematic bias.

Conclusion

In conclusion, this investigation provides addi-
tional evidence of a strong association of components
of an adverse psychosocial work environment with

depressive symptoms. An imbalance between high
efforts spent and low rewards received at work, a
pattern of overcommited work-related motivation,
and a low degree of task control were repeatedly
found to increase the risk of depressive symptoms.

In view of the significant impact of reduced
mental health on work performance [6, 17] and
health costs [5] and in view of a relevant comor-
bidity of depression with several highly prevalent
cardiovascular and metabolic health risks [24] pre-
ventive efforts are justified. These efforts concern an
increased awareness of physicians in assessing
psychosocial risks of depressive symptoms and in
counselling and supporting their patients. Even
more important, measures of worksite health pro-
motion instructed by available scientific evidence,
should be intensified.
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