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Abstract

Background Effort-reward imbalance (ERI) is an estab-
lished conceptualisation of work stress. Although a vali-
dated effort-reward questionnaire is available for public
use, many epidemiological studies adopt shortened scales
and proxy measures. To examine the agreement between
different abbreviated measures and the original instrument,
we compared different versions of the effort-reward scales
available in 15 European cohort studies participating in the
IPD-Work (Individual-participant-data meta-analysis in
working populations) consortium.
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Methods Five of the 15 studies provide information on
the original (‘complete’) scales measuring ‘effort’ and
‘reward’, whereas the 10 remaining studies used ‘partial’
scales. To compare different versions of the ERI scales, we
analyse individual-level data from 31,790 participants from
the five studies with complete scales.

Results Pearson’s correlation between partial and com-
plete scales was very high in case of ‘effort’ (where 2 out
of 3 items were used) and very high or high in case of
‘reward’, if at least 4 items (out of 7) were included.
Reward scales composed of 3 items revealed good to sat-
isfactory agreement, and in one case, a reward scale con-
sisting of 2 items only demonstrated a modest, but still
acceptable degree of agreement. Sensitivity and specificity
of a composite measure, the ratio of effort and reward,
comparing partial versus complete scales ranged between
59-93 and 85-99 %, respectively. Complete and partial
scales were strongly associated with poor self-rated health.
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Conclusion Our results support the notion that short
proxy measures or partial versions of the original scales
can be used to assess effort-reward imbalance.

Keywords Effort-reward imbalance - Work stress - IPD-
Work - Abbreviated measures - European cohort studies

Introduction

Chronic psychosocial stress at work has been identified as a
risk factor of several major non-communicable diseases,
most notably cardiovascular disease and depression. Work
stress was shown to influence the onset as well as disease
prognosis (Schnall et al. 2009; Stansfeld and Candy 2006;
Tsutsumi and Kawakami 2004; Nieuwenhuijsen et al.
2010; Steptoe and Kivimiki 2012), with some noticeable
exceptions (Belkic et al. 2004). Importantly, work stress
also contributes to poor self-rated health (Salavecz et al.
2010), functional limitations (Kuper et al. 2002), sick leave
(Head et al. 2007), and disability (Blekesaune and Solem
2005; Dragano 2007). To further improve understanding of
stress-related disease, existing evidence from small and
medium size studies must be approved using large-scale
samples which allow the calculation of precise estimators
of effect, subgroup analyses and associations with out-
comes of smaller incidence. One promising strategy is the
pooling of data from available studies in order to improve
statistical power and precision of prediction of work stress-
related morbidity and mortality risks. Such an approach
requires comparable measures of exposure across studies
which are based on theoretical concepts of stress at work.

While several such theoretical concepts have been
developed (Cartwright and Cooper 2009), the following
theoretical models are often applied in prospective epide-
miological studies: the demand-control (DC) (or job strain)
model (Karasek and Theorell 1990), focusing on distinct
job task profiles, the model of organisational justice
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(Greenberg 2010; Elovainio et al. 2002), dealing with fair-
ness of procedures and interactions, and the effort-reward
imbalance model (ERI) (Siegrist 1996) which provides the
basis of the current report. The ERI model addresses the
work contract and the principle of social reciprocity lying at
its core. Rewards received in return to efforts spent at work
include money, esteem, and career opportunities (promotion,
job security). The model proposes that lack of reciprocity
(high effort in combination with low reward) generates
negative emotions and psychobiological stress responses
with adverse long-term effects on health. This model is
usually measured by a psychometrically validated ques-
tionnaire available in two highly comparable versions, an
original version containing 23 Likert-scaled items and a
short version containing 16 items measuring the two theo-
retical dimensions ‘effort’, and ‘reward’, and an additional
personal factor ‘over-commitment’, in terms of uni-dimen-
sional scales (Siegrist et al. 2004, 2009; Leineweber et al.
2010; Li et al. 2012a, b; Magnavita et al. 2012).

While a uniform application of these measures in epi-
demiological investigations is desirable, financial and time
constraints often result in the use of even shorter sets of
questions, thus precluding an appropriate test of the model
by applying abbreviated or proxy measures. Nevertheless,
it is worthwhile to compare the psychometric properties of
these latter measures with the original measurement. If an
acceptable agreement between these different measures is
observed, it would be reasonable to pool data from avail-
able studies in order to improve statistical power and pre-
cision of prediction of work stress-related morbidity and
mortality risks.

In this article, we make an inventory of different oper-
ational measurements of the ERI model in 15 prospective
European cohort studies. In order to assess the quality of
measurements based on partial scales, we use data from 5
studies which contained the original ERI scales to test the
validity of partial proxy measures by comparing these
scales with the original scales.
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Methods
Study context

This study is part of the IPD-Work (Individual-participant-
data meta-analysis in working populations) consortium of
European cohort studies (Fransson et al. 2012; Nyberg
et al. 2012). The aim of the consortium is to establish a
large-scale knowledge base for advanced research on
adverse health effects of work stress. To this means, data
from available European cohort studies will be harmonised
and jointly analysed. The task of comparing the full version
of the questionnaire to shorter versions has already been
accomplished with regard to the DC model (Fransson et al.
2012). In this article, we test the comparability of different
measurements of the ERI model.

Study population and assessments

To assess the concordance between different scales mea-
suring the ERI model, we examined the agreement between
the full original scales that were available from 5 studies
and the partial proxy scales applied in the remaining 10
investigations (a short description of these studies is given
in ESM Appendix 1). The 5 studies with original scales
were HNR (Heinz Nixdorf Recall Study, Germany), SOEP
(German Socio-Economic Panel Study), SLOSH (Swedish
Longitudinal Occupational Survey of Health, Sweden),
GAZEL (GAZ and ELectricité Study, France), and WOLF-F
(Work, Lipids and Fibrinogen, Norrland Follow-up study,
Sweden). Response rates of those studies range from 56 %
(HNR) to 73 % (GAZEL).

Partial proxy scales were available from BELSTRESS,
Belgium, COPSOQ-2 (Copenhagen Psychosocial Ques-
tionnaire Study), DWECS (Danish Work Environment
Cohort Study), IPAW (Intervention Project on Absence
and Well-being Study) and PUMA (Copenhagen Burnout
Inventory Study), Denmark, FPS (Finnish Public Sector
study), NWCS (Netherlands Working Condition Survey)
and POLS (Permanent Onderzoek Leefsituatie/Continuous
Survey on Living Conditions), the Netherlands, the
Whitehall II study (WHII), UK, and the WOLF-Stockholm
study, Sweden.

Participants with complete data on ERI scales were
included in these analyses, yielding an analytic sample of
31,790 employed men and women. The individual ques-
tionnaire items of the partial proxy scales available from
the other 10 studies are presented in Table 1.

Statistical analyses

We applied the following procedure. First, we restricted the
analysis to the two scales ‘effort” and ‘reward’, measuring

the extrinsic components of the ERI model. Here, the ori-
ginal short versions were used from the 5 studies with 3
items measuring ‘effort’ and 7 items measuring ‘reward’
(referred to as ‘complete scales’). In accordance with the
core theoretical notion, we additionally constructed a ratio
of the two scales to quantify the degree of mismatch
between effort and reward at individual level, according to
established procedures (Siegrist et al. 2004, 2009; Lei-
neweber et al. 2010; Li et al. 2012a). By dichotomizing the
effort-reward ratio (ER-R) at the cut-point of 1.0 (where
efforts and rewards are equal), an exposure measure of
work stress was available for all individuals.

Proxy measures of the two scales were then defined
from available information of the 10 remaining studies.
Given a relatively high degree of heterogeneity of the
wording of items and their response format, different scales
were defined by consultation of the investigators who were
responsible for the studies. As a result, 2 partial ‘effort’
scales, 7 partial ‘reward’ scales, and 7 partial ER-R mea-
sures were identified (Table 1). Items and scales are
available on request. The specific partial proxy scales
available in each IPD cohort study are as follows: Belstress
(Effort = A/Reward = E), DWECS and COPSOQ-2 (B/
A), FPS (B/B), IPAW (B/D), NWCS and POLS (B/G),
PUMA and WOLF-Stockholm (B/C), WHII (B/F). Finally,
the partial proxy scales were replicated in the five studies
available for validation, and full and partial scales were
compared.

Mean scale values were computed for each participant
and for all complete and partial scales. Associations
between ‘effort’ and ‘reward’ scales were ascertained using
Pearson’s correlation coefficients with accompanying 95 %
confidence intervals using Fisher’s transformation. Sensi-
tivity, specificity, and Kappa (k) statistics were calculated
to evaluate the agreement between the different ER-R
measurements. The following interpretations of the Kappa
statistics were given: 0.00-0.20 indicates slight agreement,
0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good/sub-
stantial agreement, and 0.81-1.00 a very good/almost
perfect agreement (Landis and Koch 1977).

At last, we examined associations between the alternative
ERI scales and health as a relevant theoretical criterion for
scale validity. A single-item measure of self-rated health
(SRH) was available for all studies. Using logistic regres-
sion, we analysed if high stress in terms of ER-R values >1
of the respective original or proxy scale was related to poor
self-rated health (defined as very bad, bad, neither good nor
bad health). Regressions were conducted separately for each
of the five studies, and random-effects meta-analysis sum-
mary estimates were calculated over these results.

All analyses were performed using SAS version 9.2
(SAS Institute Inc., Cary, NC, USA), except meta-analyses
we conducted with Stata/MP, version 11.1.
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Results
Sample characteristics

Concerning the socio-demographic composition, the 5
study samples were comparable with respect to their mean
age. In 3 studies, approximately half of the participants
were women, whereas their proportion was lower in the
GAZEL and WOLF-F studies (Table 2).

Correlation between partial and complete scales

Pearson’s correlation coefficients between the complete
scales ‘effort” and ‘reward’ and the alternative partial
proxy versions of these scales are displayed in Table 3. In
all 5 studies, the two partial proxy scales measuring effort
showed high correlation (r > 0.92), thus representing the
original measurement equally well. More variation was
observed across the 7 partial reward scales. Scales A and B
demonstrate a high degree of accordance between all 5
studies, with all coefficients ranging between r = 0.90 and
r = 0.98. Again, these partial scales containing 4 or 5 of
the standard items represent the original scale to a highly
satisfactory degree. To a somewhat lesser extent, this is the
case for the partial scales E and F where coefficients range
from r = 0.83 to r = 0.93. These scales contain only 3 out
of 7 standard items of the original scale. The relationships
between the complete scale and the partial proxy scales C,
D, and G were weaker, but still acceptable with coefficients
ranging from 0.72 to 0.87. It should be noted that the
reward scale G is restricted to 2 standard items, thus rep-
resenting only part of the more comprehensive original
construct. The strength of these associations was reason-
ably similar across the 5 studies. Taken together, there is
statistical evidence to support the use of the 2 partial scales
of ‘effort’ and the 7 partial scales of ‘reward’ as proxies of
the respective original scales.

Table 2 Characteristics of study participants (N = 31,790)

Study N Mean age (SD) Female, N (%)
HNR 1,838 53.4 (5.0) 749 (40.8)
SOEP 10,387 43.2 (10.7) 4,696 (45.2)
SLOSH 5,048 47.3 (10.8) 2,690 (53.3)
GAZEL 9,713 51.9 (3.0) 2,568 (26.4)
WOLF-F 4,804 45.6 (10.2) 1,348 (28.1)

HNR Heinz Nixdorf Recall Study, Germany; SOEP The German
Socio-Economic Panel Study; SLOSH Swedish Longitudinal Occu-
pational Survey of Health, Sweden; GAZEL the GAZ and Electricité
Study, France; WOLF-F Work, Lipids, and Fibrinogen, Norrland
Follow-up study, Sweden

# Participants with no missing data on ERI ratio

Specificity and sensitivity

Table 4 shows the results of analysis of sensitivity and
specificity for ER-R based on partial proxy scales using
complete scales as the criterion. Sensitivity and specificity
ranged between 59-93 and 85-99 % depending on the
scale and study. High agreement is observed for ER-R
based on effort scale B and reward scales A and F. To a
lesser extent, this is the case for ER-R from effort scale B
combined with reward scales B, D, or G. Agreement for
effort scale B—reward scale C and effort scale A—reward
scale E is lower, but still acceptable, in particular con-
cerning the sensitivity analyses. In all analyses, specificity
measures are substantially higher than sensitivity measures.
Kappa statistics varied for the different scales with good
agreement in four of the seven alternative ratios. For the
combination of the effort B scale with the reward scales C,
D, and G, agreement was generally good, with single kappa
values indicating only moderate agreement.

Associations with self-rated health

In accordance with the theoretical assumptions, the original
‘full’ effort-reward ratio is strongly associated with poor
self-rated health (Fig. 1). The results for five of the seven
proxy scores are very close to the result for the original ER-
R. Odds ratios for the ER-R scores calculated with the
reward proxies F and G are slightly lower but still signif-
icantly elevated. Study specific analyses (not shown)
revealed a high degree of agreement between the results
from the single studies.

Discussion

This study is the first to assess psychometric properties of
abbreviated versions of the scales ‘effort’ and ‘reward’ of
the effort-reward imbalance model of work stress, drawn
from several large European cohort studies. We observed
very high correlations between the complete and proxy
effort and reward scales if at least 2 effort and 4 or 5
reward items were included. Correlations were still high if
at least 3 reward items were measured, but lower in one
version (G) where only 2 reward items were available.
Moreover, in a cross-sectional analysis, the complete scale
and all partial scales were strongly associated with poor
self-rated health. Overall, the partial scales show accept-
able degrees of agreement and may be used as proxy
measures of the original scales in future analyses of pooled
data from all 15 available studies.

We also calculated the sensitivity, specificity, and kappa
coefficients of the different effort-reward ratios derived
from partial scales by comparing them with the ratios of the

@ Springer
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Table 3 Correlation coefficient (r) between the complete effort and reward scales versus the alternative partial versions of these scales

Version of partial scale

Correlation with complete scale (Pearson’s r, 95 % confidence interval) by study

HNR

SOEP

SLOSH

GAZEL

WOLF-F

Effort
Scale A
Scale B

Reward
Scale A
Scale B
Scale C
Scale D
Scale E
Scale F
Scale G

0.927 (0.920-0.933)
0.927 (0.920-0.933)

0.953 (0.949-0.957)
0.904 (0.895-0.912)
0.809 (0.792-0.824)
0.801 (0.784-0.816)
0.869 (0.857-0.880)
0.830 (0.815-0.843)
0.720 (0.697-0.741)

0.937 (0.935-0.939)
0.933 (0.930-0.935)

0.965 (0.963-0.966)
0.932 (0.929-0.934)
0.851 (0.846-0.856)
0.848 (0.842-0.853)
0.908 (0.904-0.911)
0.887 (0.882-0.891)
0.799 (0.792-0.806)

0.949 (0.946-0.951)
0.950 (0.948-0.953)

0.976 (0.975-0.978)
0.941 (0.938-0.944)
0.863 (0.856-0.870)
0.871 (0.864-0.878)
0.926 (0.922-0.930)
0.903 (0.898-0.908)
0.840 (0.831-0.848)

0.946 (0.943-0.948)
0.944 (0.942-0.946)

0.970 (0.969-0.972)
0.930 (0.928-0.933)
0.825 (0.819-0.831)
0.832 (0.826-0.838)
0.923 (0.920-0.926)
0.932 (0.930-0.935)
0.857 (0.851-0.862)

0.920 (0.915-0.924)
0.929 (0.925-0.932)

0.949 (0.946-0.952)
0.903 (0.898-0.908)
0.759 (0.747-0.771)
0.797 (0.786-0.807)
0.886 (0.880-0.892)
0.872 (0.865-0.879)
0.778 (0.766-0.790)

Table 4 Sensitivity, specificity, and kappa values of the dichotomised effort/reward imbalance ratio (>1 vs. <I) based on partial scales versus

complete scales by study

Partial scales

Sensitivity/specificity/kappa compared to complete scales by study

HNR

SOEP

SLOSH

GAZEL

WOLF-F

Effort A—Reward E
Effort B—Reward A
Effort B—Reward B
Effort B—Reward C
Effort B—Reward D
Effort B—Reward F
Effort B—Reward G

63.4/98.5/0.68
90.1/95.0/0.69
83.8/95.8/0.69
71.1/94.2/0.55
76.1/93.5/0.56
82.4/94.2/0.62
73.2/94.6/0.58

69.8/98.2/0.74
89.6/95.6/0.80
81.3/96.2/0.76
73.4/96.3/0.71
76.8/94.6/0.68
88.6/92.5/0.71
84.4/90.7/0.64

69.7/98.8/0.76
88.7/97.1/0.86
81.8/97.6/0.82
67.5/98.1/0.72
77.5/96.0/0.75
93.2/90.1/0.74
91.1/88.5/0.70

69.8/98.9/0.76
85.1/97.9/0.84
70.1/98.9/0.77
64.9/98.3/0.71
64.4/98.0/0.70
90.3/94.1/0.77
84.9/92.6/0.71

69.1/97.2/0.72
85.4/94.5/0.78
79.7/95.9/0.77
58.9/97.2/0.63
73.7/94.2/0.69
91.5/88.7/0.71
89.5/84.6/0.64

Full scales

Effort A/ Reward E

Effort B/ Reward A

Effort B / Reward B

Effort B/ Reward C

Effort B / Reward D

Effort B/ Reward F

Effort B/ Reward G

OR (95% CI)

2.40 (2.07, 2.79)
2.46 (2.06, 2.93)
2.37 (2.01, 2.79)
2.47 (2.12, 2.89)
2.52 (2.24, 2.83)
2.35 (1.99, 2.78)
2.13 (1.89, 2.40)

2.04 (1.79, 2.32)

T

.333

1

Fig. 1 Summary estimates for the associations between effort-reward imbalance and poor self-rated health for different ERI ratio scales (odds

ratios and 95 % confidence interval)
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complete scales. This is important in view of the contribu-
tion of this combined measure towards explaining health
risks. The ratio quantifies the imbalance between effort and
reward at individual level and, thus, is expected to contribute
to the explanation of adverse health effects above and
beyond the effects attributed to the individual scales (Sie-
grist et al. 2004; Leineweber et al. 2010; Li et al. 2012a, b;
Magnavita et al. 2012). Again, taking the diverse quality of
the proposed partial scales into account, the findings of this
analysis demonstrated acceptable degrees of concordance
across the different combinations of scales (Table 4).

A major strength of the study is the inclusion of data
from a large population providing information on effort-
reward imbalance at work from more than 30,000
employed men and women recruited in the frame of 5
epidemiological studies from different European coun-
tries. Given the high number of observations, a high
degree of statistical precision is expected to result from
respective comparative analyses. While the findings of
this study offer a strong basis of generalisation beyond
those derived from single cohort studies, one should
nevertheless keep in mind that the samples were
recruited from Northern, North-western, or Western
European countries. It is therefore not known to what
extent they hold true in other parts of Europe and in
other continents. A further limitation relates to potential
bias produced by differences in the meaning of wording
of single items in the translation of original scales.
Although established quality criteria are usually applied
in these translation processes, potential differences in
meaning may reduce a strict comparability of results, in
particular in case where scales were reduced to 2 or 3
items. A further limitation specifically concerning the
shorter scales is that not all of the theoretical dimensions
of the ERI model are captured by respective items (e.g.
all dimensions of reward). This shortcoming could
reduce the content validity of the respective scale.
Moreover, the precision of comparison was reduced by
differences in the wording and in the response format of
some items from proxy measures.

There are only a few previous studies which compared
ERI scales across different countries. Most notable among
those is a study funded by the European Science Foundation
which included data from France, Belgium, Sweden, Ger-
many, and the United Kingdom (Siegrist et al. 2004). As a
majority of these studies used the complete scales, analytical
emphasis was put on the factorial structure of the scales,
testing goodness of fit by confirmatory factor analysis, as
well as on content validity, estimating odds ratios of poor
self-rated health according to the effort-reward ratio. Again,
a high degree of comparability of results was obtained.
Another study compared the original ERI scales and a proxy
measure within a Swedish working population, again with

reasonable comparability (Fahlen et al. 2004). Moreover, in-
depth analyses based on item response theory were con-
ducted by Tsutsumi et al. (2009) using cross-national data
from different studies. The results indicated a sufficient
cross-country comparability of standard scales.

In conclusion, in view of prevailing constraints in
applying extensive, time-consuming original scales mea-
suring established work stress models in large-scale epi-
demiological studies, our findings support the notion that
short proxy measures of the original scales measuring the
effort-reward imbalance model can be used for data anal-
ysis in work stress research. Clearly, this is always a sec-
ond best choice, but the trade-off between strong
comparability of exposure measures on the one hand and
robustness and precision of prediction of health outcomes
on the other hand needs to be considered.
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