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Methodological and conceptual issues regarding occupational psychosocial

coronary heart disease epidemiology

Overview

Psychosocial occupational epidemiology has mainly
focused on the demand—control and, to a much lesser
extent, the effort—reward—imbalance (ERI) models.
These models and the strong focus on them raise some
conceptual and methodological issues we will address
in the following letter.

The conceptual issues include the empirical confir-
mation of the assumptions of these models, the extent to
which the focus on the demand—control and ERI models
is warranted, and whether the sub-dimensions of the
scales in these models have common health effects. We
argue that there is a lack of empirical approval of (i) the
assumptions behind both models and (ii) the focus on
these models.

The methodological issues include how exposure to
job strain is categorized, how ERI previously has been
measured, and the validity of self-reports of job strain.
We argue that (i) a population independent definition of
job strain is lacking, (ii) the older measurements of ERI
mix exposure and effect, and (iii) we know little regard-
ing the validity of the measurement of the psychosocial
working environment.

Finally, we suggest that analyses of monitoring data
with a broader focus on the psychosocial working envi-
ronment can be used to shed light to some of the issues
raised above.

Introduction

In the last three decades (1, 2), psychosocial occupa-
tional epidemiology related to coronary heart disease
(CHD) has mainly focused on the job—strain model,
also referred to as the demand—control model (3, 4). In
this model, two aspects of work are deemed relevant:
demands and control. Negative consequences to health
are to be expected when high demands are simultane-
ously present with low control. This combination has
been termed job strain (3, 4). Recently, there has also
been increased interest in the ERI model (5, 6) which
considers the level of effort relative to rewards at work:
an imbalance is present when the efforts outweigh the
rewards (5, 6).

In longitudinal studies of CHD, there has been only a
limited focus on investigating occupational psychosocial
factors outside of these two models (1, 2). In this letter,
we would like to raise some conceptual and method-
ological issues which are inherent to these two stress
models but also which arise from the heavy emphasis
placed on them.

Conceptual issues

The conceptual issues we discuss below are empirical
confirmation of the assumptions of these models and to
what extent the focus on the demand—control and ERI
models is warranted.

Investigating the assumptions of the models

Both the demand—control and the ERI models are based
on assumptions which have only been tested empirically
to a limited extent (1, 2). We pose three specific ques-
tions: (i) Does the interaction of demands and control
constitute a risk factor for CHD? (ii) Does the imbalance
between effort and reward explain more variance in
CHD risk than high effort and low reward alone? (iii) Do
the sub-dimensions of the scales in these models have
common health effects?

Regarding the interaction of demands and control. The
concept of the demand—control model is useful when the
health risk of being exposed to job strain (simultaneous
high demands and low control) differs greatly from the
sum of individual health risks of being exposed solely to
high demands and low control. If this interaction were
not present, it would be warranted to look separately at
high demands and low control. This would for instance
counteract overlooking those persons exposed to low
control but not high demands (known as “passive work™;
3, 4). It should be emphasized that the interaction of
demands and control has only been tested in very few —
underpowered — cases (1, 2).

Initial support for an interaction within the demand—
control model can be tentatively derived from the work
of the IPD-Work Consortium (7): In a reanalysis of
an earlier study (8), it was shown that while neither
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demands nor job control alone (appendix to 8) predicted
CHD, job strain did when controlling for sex, age and
socioeconomic status (SES) (9). This indicates that an
interaction takes place. Controlling for SES is of high
relevance — otherwise, the results point in a different
direction (10). However, a formal test of interaction was
not performed on the IPD-Work Consortium data. Even
the IPD study itself might not have sufficient statistical
power to analyze a possible interaction directly: this
requires many more observations than simply looking
at the main effects (2). If one is interested in investigat-
ing an interaction, more incident outcomes are often
required (11).

Regarding effort-reward imbalance. Similarly to the
combined effect of demands and control described
above, focusing on the ERI model makes sense only if
the imbalance of effort and reward explains the risk of
CHD over and above the effect of high efforts and low
rewards. To our knowledge, this has not been verified in
any longitudinal study of CHD (1, 2).

Regarding the effect of sub-dimensions. Finally, using
the scales of the two models (demands and control
or efforts and rewards) is meaningful only if the sub-
dimensions of the scales all have about equal effect
sizes and signs. For example, the scale psychological
demands covers the sub-dimensions work pace, role
conflict and work amount while control covers both
influence (decision authority) and opportunities for
development (skill discretion). Do these dimensions
predict the risk of CHD to equal amounts within their
respective scales? For now, this has not been tested
elaborately to our knowledge (1, 2, 12). Consequently,
it is possible that certain risk factors in the psychosocial
work environment may be overlooked due to different
risk factors being merged into one scale.

Is the focus on the demand—control and ERI models
warranted?

In the past, longitudinal epidemiological research on
psychosocial work characteristics and their associa-
tion with the risk of CHD has mainly focused on the
demand—control and — to a much lesser extent — ERI
models (1). For example, in a recent review (2) cover-
ing 44 papers and including 170 analyses, 70% percent
of those dealt with these models or sub-dimensions
thereof. Interestingly, the demand—control model alone
accounted for 66% of the analyses and ERI only 4%. A
further 11% of the analyses dealt with working hours,
9% with social support, 5% with job insecurity, 3%
with leadership and the remaining 3% covered conflicts,
justice or predictability. Maintaining the currently high
degree of focus on the DC and ERI models requires
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evidence that job strain and ERI are by far the most
important risk factors for CHD.

The review by Pejtersen et al (2) has additionally
pointed out that of the 44 studies mentioned above,
only two — an IPD-Work Consortium study (8) and a
Swedish case—control study (13) — contained analyses
with sufficient statistical power to detect an elevated
CHD risk of 20%. These two sufficiently powered stud-
ies available as of April 2013 have led to the following
conclusions: (i) job strain was found to be predictive of
CHD in the IPD-Work Consortium study (8); and (ii)
both low control and low social support predicted CHD
in the Swedish study (13).

Recently, a well-powered study on working hours
(14) indicated that long working hours constitute a risk
factor for CHD. Additionally, a recently published large
study on job insecurity (15) is worth mentioning. While
there was not sufficient power to detect a 20% increased
risk due the relatively low prevalence of job insecurity,
the study did have sufficient power to find a risk of 1.32
— which is the value actually found empirically (15).

Summarizing the small number of well-powered
studies available at this time indicates that both model
dimensions (job strain) as well as non-model dimensions
(social support and working hours) predict CHD (8,
13-15). In this context, one should bear in mind that the
variety of possible dimensions that can be considered as
constituting “psychosocial work environment” is large.
The latter is exemplified by a recent analysis of the psy-
chosocial content of seven European work environment
monitoring questionnaires which showed that there are
34 distinct dimensions of the psychosocial work envi-
ronment (16). Around half of these dimensions are not
found in either the demand—control or ERI models (16).
These include for instance emotional demands, demands
on hiding emotions, sensorial demands, meaning of
work, commitment to the workplace, organizational
influence, trust, social community at work, quality of
leadership, predictability, role clarity, restructuring,
safety culture, work life balance, and negative acts (eg,
violence, bullying).

Little is currently known on the health effects of
these “non-model” dimensions. Research on their pos-
sible effects might show that they are small — and that
the DC and ERI dimensions are indeed the main psycho-
social risk factors for CHD. However, results may also
point to the importance of the non-model dimensions.
To date, this remains to be investigated.

Methodological issues

In addition to the conceptual issues discussed above,
we would like to highlight some methodological issues



related to one or both of these models. The three main
points address: (i) how exposure to job strain is catego-
rized; (i) how ERI has been measured up to now; and
(iii) the validity of self-reports of job strain.

Practical definition of job strain

Job strain is usually operationalized as a median split
of the two dimensions demands and control in the
population investigated (3, 17). Hence, whether a certain
worker experiences job strain or not depends on which
other workers are part of the sample (18). This poses a
problem when the distributions of demands and con-
trol differ between populations. Comparisons between
Denmark and Spain and across Europe suggest that
such differences exist (19, 20), rendering it at the least
a challenge to combine populations in meta-analyses. If
one assumes that the true prevalence of job strain varies
between populations — based for instance on the find-
ings just mentioned — then using population dependent
medians leads to a misclassification of workers regard-
ing their exposure to job strain. Consequently, there will
be a bias to the mean in studies using the traditional job
strain definition. Such misclassification and bias could
also occur if demands and/or control and thus job strain
change within a population over time, eg, due to an
intervention.

This problem also applies to job strain based on other
definitions of distributions, such as tertiles or quartiles.
The seven-level definition of job strain (17) is a first step
in circumventing the problem by establishing an ordinal
scale of job strain; nevertheless, the levels are based
on a combination of quartile-divided subgroups of the
population and hence not independent from the distribu-
tion of demands and control in the sample. As long as
the definition of job strain is based on the distribution
of demands and control in the sample considered, the
problem remains (18).

Mixing exposure with effect in ERI

In the original ERI questionnaire, workers are not
solely asked about their exposure to efforts and
rewards, but also whether they feel strained by this
exposure (21). Hence, the ERI questionnaire to some
extent also measures a stress-related reaction. Conse-
quently, the association between measured ERI and
a given outcome is not a pure measure of exposure
and the outcome, but rather it contains an unknown
proportion of influence due to personal characteristics.
Whether a certain working condition is considered
strainful to a person does not solely depend on the
exposure itself but on the interplay of exposure and
personal characteristics of this person. As a result, an
observed association of high ERI with subsequent CHD
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could just as well reflect an underlying association of
a stress reaction with CHD.

In the latest edition of the ERI questionnaire, the
response categories have been reformulated to neutral
categories. Hence, data gathered with the revised ERI
will not suffer from this drawback (22). However, one
has to bear the above-described effect in mind when
re-analyzing existing data based on the previous ERI
items.

Validity of self-reported job strain

Within the broader issue of the validity of psycho-
social measures, we will focus here on one aspect,
namely the validity of the assumptions underlying
the DC model. This model assumes that demands and
control are characteristics describing the job, not the
worker (4). It is the way in which jobs are organized
that determines demands and control. For example,
bus drivers have less job control than truck drivers
because the former group works according to a stricter
schedule than the latter (4). Based on the assump-
tion of the job strain model, one would hence expect
people with exactly the same job and the same tasks
to experience the same level of demands and control.
With the aforementioned example, two bus drivers
running the same bus line in the same city at the same
hours should experience the same degree of demands
and control. Whether these assumptions are warranted
can for instance be derived from studies on the vari-
ance of various work characteristics explained by job
titles. Such analyses indicate that a large amount of the
variation of quantitative demands and control, the lat-
ter assessed as “influence at work” and “development
opportunities”, is indeed explained by job title (23—
25). However, these analyses were not able to investi-
gate the extent to which personal traits or health were
biased by self-reports. To our knowledge, there are
no published validation studies on the extent of self-
report bias in job strain measures due to eg, depressive
symptoms or personal traits, where the study popula-
tion comprised workers with exactly the same occupa-
tion and task composition. Consequently, one cannot
conclude at this time that the question regarding the
validity of self-reported job strain has been answered
sufficiently. Carefully designed validation studies are
needed in order to test specific assumptions regarding
differing domains of psychosocial measures. It can
be presumed that some domains more likely describe
occupations and tasks (as discussed above), whereas
other domains, like social support, describe more the
relations among workers and management styles (26).
Such validation studies could contribute to the widen-
ing of our knowledge on the validity of occupational
psychosocial factors (27).
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Outlook

One could object that some of the issues we have raised
here would be difficult to deal with in current research.
For example, which cut-points of demands and con-
trol should one use if not the sample-based medians?
Maybe here transnational data like the European Work-
ing Conditions Survey could offer such possibilities to
determine externally based cut-points independent of
specific samples.

A second issue is whether empirical data on non-
model psychosocial factors are available. Currently,
in many questionnaires applied in research, only the
demands—control and ERI models are included. How-
ever, data collected in a more practical context like work
environment monitoring offer research possibilities on
non-model dimensions. As mentioned above, monitoring
questionnaires cover the psychosocial work environ-
ment more broadly (16). In some European countries,
monitoring data can be linked to health registers, pav-
ing the way for longitudinal studies on the association
of non-model dimensions and their relations to health
outcomes. As indicated above, such research will have
to look at more incident precursors of manifest CHD
such as prescribed hypertensive medication in order to
gain sufficient statistical power (11).

In empirical research reports, there is — for for-
mal reasons — no space for taking up issues like those
we have covered here. However, we think that such
issues should be raised in a more general context in the
research community in order to inspire future research in
the field. In this letter, we have tried to contribute to this.
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