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Authors’ reply: Calculation of population attributable risk should to be based

on robust estimates

We are pleased that the findings of the IPD-Work Con-
sortium continue to generate discussion among occupa-
tional health researchers. In his letter to the editor, Ingre
used age and sex-adjusted data from the appendix of our
paper (1) to calculate population attributable risk (PAR)
for job control (2). The results led him to ask whether
job control may be more important than job strain as a
risk factor for coronary heart disease. In this response,
we summarize data from the Consortium suggesting
that the answer to Ingre’s question is likely to be “no”.

PAR is a tool used to assess the extent to which
removing a risk factor might reduce disease events. An
underlying assumption in the PAR calculation is that
the estimated risk is truly causal and not confounded.
By using only age and sex-adjusted risk estimates,
Ingre omitted adjustment for socioeconomic status
(SES), which would have been a highly relevant con-
founding factor in this context. SES and job control are
correlated with each other. That is, the labor market
sorts individuals into occupations with high or low job
control according to their educational qualifications.
Occupations involving more decision authority and skill
utilization (ie, job control) require more educational
qualifications. Low SES is additionally a marker for a
range of risk factors other than low job control. These
include, for example, a higher exposure to adverse life
events in childhood, poorer residential neighborhood in
adulthood, poorer nutrition, higher prevalence of obe-
sity, and increased systemic inflammation, all of which
are associated with increased coronary heart disease risk
(3-6). If the relationship between job control and heart
disease is not adjusted for SES, then the effect estimate
will become unrealistically high as it reflects not only
the adverse impacts of low job control but also expo-
sures associated with low SES.

In figure 1, we used data from the appendix of the
IPD-Work Consortium paper to provide evidence for this
reasoning (1). The age and sex-adjusted hazard ratio of
incident coronary heart disease is 1.16 [95% confidence
interval (95% CI) 1.05-1.27] for low compared with
high job control (median split). When the association is
additionally adjusted for SES, the hazard ratio attenu-
ates to the null: 1.04 (95% CI 0.94-1.15). The reduction
in estimated excess risk after this adjustment is 75%,
suggesting major confounding by SES. In a sensitivity
analysis, the pattern of results is similar when treating
job control as a continuous score: age and sex-adjusted
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Figure 1. Associations of job strain and low job control with incident
coronary heart disease before and after adjustment for socioeconomic
status in the IPD-Work study. *Statistically significant (P<0.05) and
n.s. refers to statistically non-significant hazard ratio.

hazard ratio per 1 standard deviation decrease in job
control is statistically significant (1.08, 95% CI 1.02—
1.12) but age, sex, and SES-adjusted hazard ratio is not
(1.01, 95% C1 0.93-1.09).

The results on job strain and coronary heart disease
are strikingly different; this association is not con-
founded by SES (figure 1). The age and sex-adjusted
hazard ratio of coronary heart disease for job strain
versus no job strain is 1.23 (95% CI 1.08-1.39). After
additional adjustment for SES, the hazard ratio remains
statistically significant at 1.17 (95% CI 1.05-1.31).
The association between job strain and coronary heart
disease also remains after adjustments for a range of
lifestyle and standard biological risk factors (1-7).

Ingre suggests that there is probably no multiplica-
tive interaction between job control and job demands
in predicting coronary heart disease. However, the fact
that job strain is robustly associated with coronary heart
disease (even though job control is not) suggests that
job strain is a better predictor of coronary heart disease
irrespective of such interactions.

It might also be useful briefly to assess evidence
from studies other than IPD-Work. The consistency of
findings across different studies conducted with dif-
ferent samples and in different contexts strengthens



the likelihood of a causal relation (8). The association
between job strain and coronary heart disease has shown
to be consistent across studies initiated at different time
periods and from different geographical regions (1, 9).
In contrast, findings on job control are heterogeneous:
some studies suggest that job control is more important
than job demands while other studies report that job
demands are more important (10, 11). This could be
expected because the confounding structure, including
the distribution of SES, tends to vary between stud-
ies producing heterogeneous findings for confounded
associations.

We hope this reply has made it clear that the IPD-
work consortium provides support for the job strain
model.
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