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ABSTRACT
Social inequalities in health persist in modern societies.
The contribution of adverse work and employment
conditions towards their explanation is analysed by two
approaches, mediation and moderation. Yet the relative
significance of each approach remains unclear in
respective research. We set out to study this question by
conducting a systematic literature review. We included all
original papers based on prospective observational
studies of employed cohorts that were published
between January 1980 and October 2012 meeting our
search criteria, by using major databases and by
observing established quality criteria. 26 reports were
included after quality assessment. 17 studies examined
the mediation hypothesis and nine studies tested the
moderation hypothesis. Moderate support was found for
the mediation hypothesis where OR or HR of health
according to socioeconomic position (SEP) were reduced
in a majority of analyses after introducing work
characteristics in multivariate models. Evidence in favour
of the moderation hypothesis was found in some
studies, demonstrating stronger effects of adverse work
on health among people with low SEP. Despite some
support in favour of the two hypotheses future research
should aim at reducing the heterogeneity in defining and
measuring core variables and at applying advanced
statistical analyses. Policy recommendations would
benefit from a higher degree of consistency of respective
research evidence.

INTRODUCTION
There is robust evidence of a social gradient of
major chronic diseases and other health measures,
based on prospective observational studies of
employed populations in a majority of modern
societies.1–3 The lower people’s socioeconomic
positions (SEP) are, the higher is their risk of mor-
bidity and impaired health. Work and employment
conditions play a prominent role in scientific
attempts towards explaining this social gradient,
given their primary impact on adult everyday life,
its obligations, resources and rewards.4–6 Although
SEP is often measured by occupational characteris-
tics, such as job status, job classification, or employ-
ment grade, this information has limited
explanatory power as it does not offer a more
refined understanding of the ways in which occupa-
tional position affects health. Moreover, as these
effects are bidirectional research has to assess the
relevance of each one of the two pathways, caus-
ation and selection. Recent life course research
emphasises a triggering role of adverse early life cir-
cumstances, including poor health, on occupational

careers.7 Yet several findings from longitudinal
studies indicate that the pathway from work to
health (‘causation’) adds more to the explanation of
the social gradient than the reverse pathway from
health to work (‘selection’).8 9

Traditionally, physical stressors and occupational
hazards were considered major causes of work-related
health risks. Several of these stressors and hazards
continue to follow a social gradient in developed
western economies, but evidence indicates that they
strongly cluster among low skilled occupations and
people with atypical or precarious employment.6 10 11

To date, given profound changes in the nature of
employment and work (expansion of service sector,
growing impact of information technology, flexibility
of employment arrangements), health-adverse work
time arrangements and stressful psychosocial work
environments are affecting large parts of the work-
force.12 With the advent of economic globalisation
stressful psychosocial work environments became
even more important in terms of health-adverse
effects.13 The experience of work pressure in combin-
ation with threats to job stability is no longer confined
to low skilled occupational groups, but increasingly
affects better trained occupations.14 It is therefore
important to know more exactly how work character-
istics in modern economies affect the health of
working people and to what extent these associations
explain the social gradient of health.

What this paper adds

▸ To what extent adverse working conditions
contribute towards explaining social
inequalities in health has been analysed by
studies testing the mediation and moderation
hypotheses.

▸ So far, the relative significance of each
hypothesis remains unclear, and the majority of
available evidence was derived from
cross-sectional studies.

▸ Based exclusively on prospective cohort studies,
the results of this systematic review provide
moderate support of the mediation hypothesis
and modest support of the moderation
hypothesis.

▸ Given a high degree of heterogeneity of core
measurements analysed in these studies we
propose specific recommendations for more
standardised procedures in future research.
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Occupational health research has tackled this latter challenge
by applying two strategies of analysis: mediation and moder-
ation. The mediation hypothesis claims that the strength of asso-
ciation between SEP and health is abolished or substantially
weakened if the effect of work characteristics on health is esti-
mated in multivariate regression models. A respective reduction
in effect size is interpreted as a partial explanation of the social
gradient of health by the work characteristic under study.15 16

Traditionally, in a majority of cases, epidemiological studies
tested the mediation hypothesis by applying stepwise multivari-
ate regression analysis. However, pathway analysis or structural
equation modelling seem more appropriate statistical approaches
as they allow for combined estimation of the direct and indirect
effects of SEP and work characteristics on health.17

According to the moderation hypothesis the effect of a pre-
dicting variable (work characteristic) on a criterion variable
(health) varies according to the level of a third variable (SEP). In
this case, stronger effects of adversity at work on health are
expected among employed people in less privileged as com-
pared to more privileged socioeconomic conditions. To this aim,
stratified analyses are performed, and an interaction term (of
work and SEP on health) is assessed. Despite the direct policy
implications of this latter approach—higher susceptibility to the
exposure among people with low SEP points to priorities in
administering interventions—the moderation hypothesis has
been tested less frequently than the mediation hypothesis in
research on work characteristics and social inequalities in
health9 (see below).

To the best of our knowledge, no systematic review focusing
exclusively on prospective observational cohort studies that
tested the mediation and moderation hypothesis of the social
gradient of health with reference to work characteristics is avail-
able so far. In this contribution, we set out to fill this gap. Our
main aim was to document whether and to what extent findings
from prospective studies lend support to the two hypotheses
(mediation and moderation), even given considerable heterogen-
eity of work-related exposures and health outcomes in these
studies. As both hypotheses address potential entry points for
preventive activities at work that aim at reducing health inequal-
ities,12 it is important to assess the quality of available empirical
evidence. This aim to some extent conflicts with another
important aim of systematic reviews, and specifically
meta-analyses, that is, to provide knowledge based on well com-
parable measures of specific exposures and specific outcomes.
Throughout the paper, this tension will be discussed, and
recommendations are proposed on how to strengthen further
scientific evidence and its potential policy impact.

METHODS
The review was performed by observing the criteria defined in
the PRISMA statement.18 Below we explain eligibility criteria
concerning study design, sample and data analysis in more
detail.

Study design
This review is restricted to prospective observational cohort
studies as we aim at targeting the best available quality of data
with regard to potential causal associations in epidemiological
studies.19 Therefore we excluded cross-sectional studies. We also
excluded longitudinal studies with a follow-up duration less
than 1 year as a short time interval confers a high risk of reverse
causation. At study entry, participants had to be free from the
disease outcome under study, or baseline health measures had to
be adjusted for in subsequent analyses. Furthermore, we

undertook a quality assessment regarding appropriate handling
of adjustment procedures for relevant (eg, sociodemographic)
confounders and appropriate statistical methods (eg, test for
interaction in moderation analyses). To prevent multiple consid-
eration of the same study in different papers, we selected the
paper with highest data quality (eg, validity of outcomes and
exposure, duration of longitudinal study and general quality
assessment), but we included more than one report from the
same study (in the case of the British Whitehall II and the
French GAZEL study) if different health outcomes or different
work characteristics (eg, different work stress models) were
tested.

Study sample
We included studies of working age populations who were
employed at entry. Studies with a sample size of less than 1000
were excluded for reasons of limited statistical power.

Exposures and health outcomes
Our selection criteria targeted studies with available data on
SEP and on distinct health-adverse physical and chemical
hazards or psychosocial working conditions. These data had to
be assessed at baseline or during follow-up. Furthermore, the
studies had to provide data on SEP and on health-adverse
working conditions. SEP was measured by occupational position
or employment grade in a majority of studies. However, several
important investigations used education as a measure of SEP,
and some studies applied both indicators. One study only
focused on income as an SEP indicator. In view of the import-
ance of each one of these internationally established indicators
of SEP1 we decided to include studies that applied at least one
of them. Concerning the measures of stressful psychosocial
work characteristics we included all available operational
approaches as long as at least short versions of psychometrically
validated scales or established indicators (eg, job insecurity)
were used. With regard to health outcomes all available respect-
ive measures were included, whether based on self-report or on
more objective information. Yet as common method variance
between self-reported exposures and self-reported outcomes
cannot be excluded, we gave priority to studies using more
objective health measures by classifying these study results at the
top in respective tables.

Information sources and data extraction
Systematic search was undertaken in PubMed and Scopus. The
search was based on specified terms (see below), and original
papers in peer-reviewed international journals published in
English, French or German language between January 1980 and
October 2012 were targeted. Conference papers and
government-commissioned reports were not considered. Search
terms included work environment factors and related health
outcomes. In the first stage of the search strategy, based on titles
and abstracts, we did not include terms measuring social
inequalities, given a lack of consistent documentation of respect-
ive terms in abstracts. However, in a second stage, information
on SEP was screened by reading all abstracts and full texts of
respective articles. Search terms regarding work environment
were: physical exposures, toxic exposures, psychosocial working
conditions, job demands, job control, social support at work,
job strain, effort–reward imbalance, and organisational justice.
Search terms for health outcomes were: all-cause mortality, mor-
bidity, cardiovascular disease, ischaemic heart disease, diabetes,
metabolic diseases, myocardial, ischaemic, diabetes, work-
related injuries, occupational accidents, suicide, musculoskeletal
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disorders, health functioning, disability, disability pension,
mental health, depression, and self-rated health. In addition to
the systematic review procedure hand search research was con-
ducted by contacting scientific teams involved in current work
on social inequalities, work and health. This was done in order
to include most updated evidence.

In a first stage, all records were judged by the first author on
the basis of titles and abstracts. In difficult cases, full texts were
consulted, and ambiguities were discussed between the authors
(see flowchart figure 1). In a second stage both authors exam-
ined the remaining papers independently and searched for
studies analysing the mediation or moderation hypothesis. To
this aim, full texts were available, and the two independent
ratings were compared. The few discordant cases were resolved
by in-depth discussion. Data were extracted in a standardised
format, according to categories indicated in supplementary
tables S1 and S2 (available online only).

In most studies, mediation effects were evaluated using multi-
variate regression analysis with stepwise adjustments for con-
founders and mediators. In this procedure, the contribution of
the mediating variable(s) to the explanation of social inequalities
in health was estimated by the change in OR or HR after inclu-
sion of the variable(s) in the model. The respective formula was
100× (ORextended model−ORModel 1)/(ORModel 1−1).20 In case of
reduction of OR or HR in the extended compared to the previ-
ous model, the percentage gives an estimate of how much the
mediating variable(s) account for the social gradient of the
health indicator under study. This percentage is interpreted as
partial mediation contributing to the explanation of social
inequalities in health. One study only applied path analysis to
test the mediation hypothesis21 estimating the direct and indir-
ect (work-related) effects of SEP on health. The moderation
hypothesis was evaluated by stratified analyses in which the
effect size on health was calculated for different SEP groups,
assuming higher effect sizes among lower SEP groups.

RESULTS
Our search strategy provided 7264 initial records screened by
the first author. Six thousand eight hundred and nineteen titles
were excluded based on title and abstract content. The remain-
ing 443 records were checked more precisely in full texts and
were additionally evaluated according to whether relevant infor-
mation (on SEP, on test of mediation or moderator hypothesis)
was available. Given the restrictive selection criteria several
interesting studies had to be excluded as they were based on a
cross-sectional design (n=10), or did not meet additional
quality or design criteria (n=15). Therefore, as demonstrated in
figure 1, studies from 26 reports finally fulfilled all selection cri-
teria to a sufficient extent. As one report contained results from
two studies, 17 prospective studies tested the mediation hypoth-
esis (see supplementary table S1, available online only), and
nine prospective studies tested the moderation hypothesis (see
supplementary table S2, available online only). Overall, it is
apparent that relatively few papers investigated these mediation
or moderation effects in the frame of cohort studies, whereas
separate effects of socioeconomic or of work-related factors on
health have been explored abundantly.

Mediation
In 13 studies, the most widely used model of a health-adverse
psychosocial work environment, demand–control (or its single
dimensions), was studied as the mediating construct.22 Two
studies tested the effort–reward imbalance model23 in addition
to the demand–control model, and one study analysed the
effort–reward imbalance model exclusively. One study tested a
job-exposure matrix considering psychosocial working condi-
tions.24 Seven studies analysed physical demands or biomechan-
ical strains in addition to the demand–control model, whereas
one study was restricted to physical exposures and chemical sub-
stances.25 The latter study was the only one that included a

Figure 1 Selection process for
identification of studies.
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large number of European countries, while the remaining
studies were conducted in single countries of northern, southern
or western Europe or Canada.

Health outcomes in those studies can be divided into more
objective and more subjective measures. The former include car-
diovascular diseases, lung cancer, disability pension and sickness
absence, whereas the latter mainly concern self-rated health,
depression, low back pain, or functional limitations. In a major-
ity of studies SEP was assessed by occupational category (eg,
ISCO-88) or employment grade (12 studies).20 21 24 26–34 In
order to synthesise the current knowledge we included studies
using education (two studies),16 25 income (one study),35 or the
combination of employment grade and education (one study).36

In addition, one study tested occupation and education as alter-
native indicators.37 As mentioned, one study only applied
pathway analysis, while the majority of reports tested the medi-
ation hypothesis using stepwise regression analysis. It should be
noted that four out of the 16 studies were based on data from
the British Whitehall II study, and two reports were based on
the French GAZEL cohort.

All studies report a social gradient of health. In addition,
poor working conditions are more prevalent among employed
people with low skill level or low occupational standing. As
evident from supplementary table S1 (available online only) OR
or HR of low versus high SEP are generally higher in reports
that used self-reported health outcomes compared to those
using medical diagnoses (except Toivanan and Hemström).35

The crucial information about the mediation hypothesis is pro-
vided by comparing the percentage reduction in OR or HR
between the first step of a regression model (SEP and health)
and the second step of the model, adjusting additionally for
work characteristics. In a majority of cases, a percentage reduc-
tion between the two OR or HR is observed, as assumed by the
mediation hypothesis. However, the amount of percentage
reduction, that is, the strength of a mediation effect, varies con-
siderably. This variation is of interest in three respects, first with
regard to the applied SEP indicator, second with regard to
objective versus subjective health indicators, and third with
respect to the mediating construct, that is, work characteristics,
although these conditions overlap within the studies.

In general, mediation effects are more consistently observed
in studies based on employment grade as a measure of social
inequality, compared to those using alternative SEP indicators.
This conclusion is supported by the study that provides an alter-
native test of both SEP indicators and observes stronger percent-
age reduction in the case of employment grade.36

Concerning a comparison of mediation effects between
studies using more objective versus subjective health outcomes
an interesting finding becomes obvious. With two exceptions,
mediation effects tend to be somewhat stronger if objective
health outcomes are analysed. One of these exceptions relates to
depression in which a combination of both psychosocial work
stress models contributes towards explaining the social gradient
quite remarkably, especially among men.32 The other exception
is observed in a study focusing on biomechanical stressors with
regard to low back pain.33 This latter finding is best understood
in terms of the third source of variation, work characteristics. It
appears that studies that combine psychosocial and physical
work stressors achieve relatively stronger mediation effects
although two studies only analysed these two effects separ-
ately.28 33 As the demand–control model was applied in a major-
ity of studies no comparison of mediation effects with
alternative psychosocial exposures was possible. Some study
results confirm that this model, or its single components, makes

a distinct contribution towards explaining the social gradient of
health.

Moderation
Five of the nine studies included in this part of the review used
the demand–control model,9 38–41 two studies were based on
the effort–reward imbalance model,42 43 one study analysed
several aspects of work-related social support,44 and one study
applied a job-exposure matrix of different occupational sol-
vents.45 Given the relatively small number of studies, a further
differentiation according to SEP indicators or health outcomes
is not feasible. It should also be kept in mind that any general-
isation of findings related to the moderation hypothesis is
limited by the fact that three out of nine reports are based on
the same cohort, the British Whitehall II study. Although they
address different health outcomes and different time frames
within the longitudinal design there is a clear risk of
over-reporting.

According to the moderation hypothesis stronger effects of
work characteristics on health outcomes are expected in low
SEP as compared to high SEP groups. This hypothesis finds
empirical support in four studies. Two of them tested the
effort–reward imbalance model,42 43 one the demand–control
model,40 and one the chemical exposure of different solvents.45

A fifth investigation reports that a mitigating effect of a favour-
able psychosocial work environment (social support and job
security) on the amount of experienced distress is confined to
the subgroup with low socioeconomic standing, while it is
absent among higher SEP groups.9 Three of the four remaining
studies observed higher OR or HR among more privileged as
compared to less privileged occupational groups, thus contra-
dicting the general hypothesis.38 39 44 However, in one of those
studies this only holds true for men,38 and in another study this
effect is restricted to one out of three work characteristics enter-
ing statistical analysis44 (see supplementary table S2, available
online only).

In view of the small number of studies and the heterogeneity
of relevant measures it is difficult to find a consistent pattern of
results with regard to the moderation hypothesis. Yet slightly
more results are in favour of the hypothesis, whereas negative
findings from at least three studies challenge this assumption.

DISCUSSION
To our knowledge, this is the first systematic review of available
cohort studies testing the mediation or the moderation hypoth-
esis of adverse working conditions in the context of social
inequalities in health. Based on an analysis of 27 prospective
investigations we found some empirical support in favour of
either assumption. However, given the heterogeneity of mea-
sures applied in these studies the degree of consistency of find-
ings was clearly restricted. The decision on including reports
using different indicators (specifically of SEP and of health out-
comes) was based on the premise that these two hypotheses
offer important entry points of preventive activities at work
with potential benefit for reducing health inequalities and, thus,
that systematic knowledge on a broad spectrum of current evi-
dence would instruct these activities.

Several findings deserve attention. Concerning the mediation
hypothesis, first, a majority of studies support the notion that
adverse working conditions to some extent mediate the associ-
ation of SEP with health. Respective percentage reductions in
OR were sometimes modest, but in a few instances rather
substantial, in particular if physical stressors were included or
combined with psychosocial stressors. Second, studies that
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used occupational categories or employment grades as indicators
of SEP provided more robust findings than those using educa-
tion or income as indicators. Third, with two noticeable excep-
tions, studies based on objective health measures demonstrated
somewhat stronger mediation effects than studies based on
self-reported health measures. Concerning the moderation
hypothesis, results are less consistent as five out of nine studies
only support the hypothesis of stronger effects among lower
versus higher socioeconomic groups. Three of those studies
used the effort–reward imbalance model or the demand–control
model, and one applied a job exposure matrix of chemical sol-
vents. On balance, in view of moderate support of the medi-
ation hypothesis and modest support of the moderation
hypothesis, it seems appropriate to draw preliminary rather than
firm conclusions from the available evidence, given the relative
paucity of studies, the heterogeneity of definition criteria and
measures of core variables, and the limitations of applied statis-
tical analyses.

There is a remarkable contrast of the consistency and strength
of reported effects between the prospective investigations ana-
lysed in this contribution and the cross-sectional studies that
tested the two hypotheses so far. In this latter case, a rather high
degree of consistency of findings was observed, supporting
either hypothesis (for review).5 6 9 37 46 47 It is unclear to what
extent this discrepancy in the consistency of results according to
study design is due to methodological problems (eg, higher risk
of reporting bias or common method variance in cross-sectional
studies) or to different quality of studies (less heterogeneity of
concepts and measures in cross-sectional studies, in combination
with more systematic hypothesis testing). In view of the relevant
contribution of employment and working conditions to social
inequalities in health48 there is an urgent need for further clari-
fying this divergent trend.

Whereas prospective observational cohort studies represent
the gold standard in this area of research, cross-sectional investi-
gations may be in a better position to contribute to conceptual
and methodological innovations, given a shorter time frame of
overall research investment. For instance, one recent important
cross-sectional study extended the frame of analysis by testing
the contribution of material and psychosocial factors in occupa-
tional life and in additional life domains, thus quantifying their
respective contribution towards explaining social inequalities in
health.46 Moreover, that study included data from 28 European
countries, thus providing opportunities of testing differential
associations with regard to distinct national social and labour
policies (see below).

This systematic review has several limitations. We restricted the
search strategy in terms of type of publication (original research
articles), language (English, French, German), number of data-
bases consulted (PubMed, Scopus), and choice of search terms.
Therefore, we cannot exclude the possibility that some studies
bypassed our review. Second, it is entirely possible that due to
publication bias studies are overrepresented that reported posi-
tive findings. Third, given more sophisticated statistical
approaches towards testing the mediation hypothesis,17 the
majority of studies on which this review is based applied the con-
ventional approach of stepwise regression modelling, which may
not provide definite evidence on true mediation effects. Finally,
as mentioned, given the heterogeneity of measures across studies,
a meta-analysis comparing effect strengths of different study find-
ings was not feasible. This fact restricts the quality of this review,
which nevertheless classifies and quantifies available data.49

In view of a high amount of heterogeneity concerning core
measures applied in the cohort studies and in view of

potential advances of more recently developed statistical
approaches, it seems timely to call for a higher degree of
standardisation and methodological sophistication in future
research in this field. In particular, the following criteria might
be observed in designing and conducting respective empirical
studies.

First, studies should test an explicit theoretically justified
hypothesis, rather than exploring what variables may produce
statistically significant results. This requires an a priori definition
of the core variables entering the analysis of mediation or
moderation hypotheses. Second, given the paucity of studies
measuring physical and chemical hazards at work, and given the
fact that the effects of these exposures were generally strong,
there is an urgent need to analyse the combined and separate
effects of physical/chemical and psychosocial work characteris-
tics in future interdisciplinary research. Moreover, concerning a
health-adverse psychosocial work environment, appropriate
tests of respective theoretical models based on psychometrically
validated scales should be performed. Along these lines one can
argue that respective analyses may even be broadened by includ-
ing distinct extra-work conditions (as exemplified in one recent
study).46 Third, with regard to health outcomes, more emphasis
could be put on objective outcomes of functioning, morbidity
and mortality, thus improving criterion validity. As mentioned,
in this review the effect sizes of studies analysing objective
health indicators tended to be stronger than those based on self-
reported health outcomes. Fourth, while the generation of
cumulative knowledge based on established theoretical models,
such as the demand–control or the effort–reward imbalance
model, is an important scientific goal, these models may need
some extension or modification in order to capture more recent
trends of health-adverse work and employment appropriately
(eg, atypical work, contract work, self-employment; see
Clougherty et al).6 There is a danger that results from cohort
studies (which are predominantly conducted in large companies)
are biased by overemphasising those stable work and employ-
ment conditions that are more prevalent in large organisations,
thereby disregarding the health burden of unstable, precarious
work. Fifth, study designs and statistical analyses should take
account of the complexity and dynamics of work life in current
societies. Among others, structural equation modelling, path
analysis and multilevel analysis offer opportunities for respective
extensions. Event history methods and multiple longitudinal
exposure assessments are desirable, when feasible. The same
holds true for the inclusion of contextual measures of work-
places, departments, firms and organisational environments.
Finally, in times of economic globalisation, comparative
research on the role of work and employment conditions in
explaining health inequalities between countries is considered a
high priority. With a few exceptions study findings so far are
restricted to economically developed countries, mostly in north-
ern or western Europe. Therefore, it will be important to
analyse the two hypotheses in non-western countries and in
rapidly developing societies. Preliminary results from inter-
nationally comparative studies testing the demand–control and/
or the effort–reward imbalance model of adverse work with
regard to health indicate that its main results can be replicated
in eastern European countries,50 51 in rapidly developing coun-
tries (for China see Li et al52 and Xu et al), 53 and in countries
with markedly different cultures (for Japan see Tsutsumi et al40

and Siegrist et al).54 Moreover, cross-country analyses provide
an opportunity of testing the impact of distinct national labour
and social policies on the quality of work and its effects on
workers’ health.55 56
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In conclusion, the current state of research, as reflected by
findings from prospective observational cohort studies, provides
some support in favour of the mediation and moderation
hypotheses in analysing associations of work characteristics and
SEP with health. Given a high degree of heterogeneity of con-
cepts, measurements and methods of data analysis, more stan-
dardised research procedures are needed. To this end, several
propositions for the generation of improved knowledge were
made. It is hoped that, as a result, improved scientific evidence
will be available to instruct work and employment-related pol-
icies that aim at reducing social inequalities in health.
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