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Abstract

Background: The findings regarding mortality risk attributable to psychosocial and physical work demands are inconsistent. Pooled estimates
using participant-level data from multiple cohort studies may provide more conclusive evidence.

Methods: Four prospective cohort studies conducted in England, Finland, France, and the USA were used (age 36-62 years; n=41 760). We
studied 34 903 and 36 076 individuals who had baseline (1981-2005) information on self-reported psychosocial and physical work demands, re-
spectively. All-cause mortality until the year 2018 was ascertained through linkage to national registers, National Death Index, and company
databases. We investigated the associations of psychosocial and physical demands with all-cause mortality separately for females and males
using Cox regression models that were adjusted for socio-demographic and lifestyle factors. Using random-effects meta-analysis, we calculated
pooled estimates of all-cause mortality for moderate and high exposure levels.

Results: During the mean follow-up of 25years, 2105 deaths occurred among females and 5048 deaths occurred among males with informa-
tion on psychosocial demands. The corresponding numbers for those with information on physical demands were 2176 and 5101. Fully adjusted
models indicated that psychosocial demands were associated with both lower and higher all-cause mortality risks in both sexes. Physical
demands increased the risk of all-cause mortality in both sexes and the association was strongest among males with moderate exposure levels
(pooled hazard ratio 1.10, 95% confidence interval 1.02-1.19).

Conclusion: The relationship between psychosocial work demands and all-cause mortality remains inconclusive, whereas moderate physical
work demands increase the mortality risk among males.
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Key Messages

* This study examined the associations of psychosocial and physical work demands with all-cause mortality among 41 760 participants
from Europe and the USA using pooled analysis of participant-level data.

* After adjusting for baseline socio-demographic and lifestyle factors, we found both weak positive and negative associations between
moderate to high psychosocial demands and all-cause mortality, yet there was a rigorous positive association for moderate to high
physical demands in females and males.

* The data suggest inconclusive evidence of any association between higher levels of psychosocial demands and all-cause mortality,
whereas exposure to higher levels of physical demands may increase the risk of all-cause mortality, particularly among males.

Introduction strain, have been generally shown to increase the risk of mor-
Work, depending on its characteristics, can either promote or tality [1-8]. However, when assessed as high psychosocial
diminish one’s chances of living into old age. Psychosocial ~ demands, they have been associated with lower [8] and
work stressors, when defined as low job control or high job higher [7] risks of mortality or no association [1-3].
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The relationship between physical work demands and mor-
tality is likewise unclear [9-17]. The recent scientific literature
has recognized the contradictory outcomes that result from
leisure-time and work-related physical activities, known as the
physical activity (PA) health paradox [11]. Although PA is gen-
erally a protective factor against many diseases, extended hours
of physically heavy work have been suggested to negatively af-
fect cardiovascular and musculoskeletal health [12, 18] and
may eventually contribute to overall mortality [13].

To date, studies that have addressed the associations of
psychosocial and physical work demands with all-cause mor-
tality have mostly used either a single cohort [1, 7, 9, 13-15],
which may have lacked sufficient power from which to draw
conclusions, or meta-analyses of published results [2, 16, 17],
which are prone to selective reporting and publication bias
[19], whereas pooled estimates with participant-level data
from several cohort studies enables analysis with large sample
sizes, standardized analyses across studies, and further evalu-
ation of the replicability of the findings [20-22]. Therefore,
this method potentially increases the precision as well as the
generalizability of the estimates that could not otherwise be
achieved through single-cohort studies [22].

This study aimed to investigate the relationships of psycho-
social and physical work demands with all-cause mortality
using individual participant data from multiple cohort studies
across Europe and the USA. Additionally, as previous studies
have indicated that the impacts of work exposures might be
more detrimental among males than females [4-6, 13, 16, 23,
24], we studied the associations separately by sex.

Methods
Study population

We used data from four prospective cohort studies that were
conducted in England [English Longitudinal Study of Ageing
(ELSA)], Finland [Finnish Longitudinal Study of Aging
Municipal Employees (FLAME)], France [GAZ and
Electricité (GAZEL)], and the USA [The Health and
Retirement Study (HRS)] (Table 1) [25-30]. The participants
in ELSA are a national representative sample of the general
population aged >50 years who live in private households in
England. FLAME was conducted among public-sector work-
ers aged 44-58 years at baseline across different municipali-
ties in Finland. The GAZEL cohort comprised employees of
the French national gas and electricity companies (Electricité
de France-Gaz de France/EDF-GDF) with a baseline age
ranging from 35 years for females and 40 years for males to
50vyears old. HRS was based on representative sample of a
>50-year-old population in the USA. In all cohorts, participa-
tion was voluntary and participants gave their informed con-
sent. The relevant ethical committees granted the ethical
approval for each of the studies.

All-cause mortality

All-cause mortality was ascertained through linkage to na-
tional registers, the National Death Index, and the EDF-GDF
database (GAZEL). We extracted the register linked year of
death from each cohort. Mortality data were available until
2012 for ELSA, 2010 for FLAME, 2018 for GAZEL, and
2017 for HRS.
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Measurement of the work exposures
Psychosocial demands

Assessment of psychosocial work demand in ELSA was based
on participant’s agreement with the statement: “I am under
constant time pressure due to a heavy workload.” In
FLAME, it was assessed through three questions concerning
accuracy at information processing, complex decision-
making, and decision-making under pressure. GAZEL had a
single question: “Do you find your work mentally tiring?” In
HRS, it was a question that asked whether much stress was
involved in the participant’s current job.

Physical demands

In ELSA, physical work demand was assessed using a single-
item question regarding the degree of physical effort required
in the job. FLAME had four questions on physical demands
at work, including standing in one place, continuous walking
or movement, carrying objects by hand, and sudden strainful
effort. In GAZEL, physical demand was based on a single
item: “Do you find your work physically tiring?” In HRS, it
was measured using two questions, asking whether the par-
ticipant’s current job required a lot of physical effort and the
lifting of heavy loads.

The questions that were used to measure psychosocial and
physical work demands in the present study have been used
and some have been validated in existing studies [31-35].
Details of the measurement reliability are provided in the
Supplementary material. While psychosocial demands were
mostly measured using a single item and therefore may lack
information about the specificity of the work stress, the single
questions have been reported to correlate with a GHQ-12,
which is a scale for assessing mental ill-health with strong
psychometric properties [36]. Similarly, although some meas-
ures of physical demands were not validated, the questions
were narrowly defined, making them less likely to be misin-
terpreted and deviate from the physical demands construct.

We harmonized the psychosocial and physical demands
variables across the cohorts to express them as three exposure
levels (low, moderate, and high). Throughout the cohorts, the
least intense responses were classified as low whereas the
most intense responses were high. Anything between the least
and most intense responses were considered to be moderate.
We used three categories to discriminate the risk of mortality
between different levels of exposures. The exact question
wordings and response categories are given in Supplementary
Table S1.

Covariates

Socio-demographic (baseline age, sex, and level of education)
and lifestyle factors [smoking, alcohol consumption, and
leisure-time PA (LTPA)] were wused as covariates
(Supplementary Table S1). People in manual compared with
those in professional occupations are more likely to be males,
come from a lower socioeconomic position, and adopt
health-deteriorating behaviors, which are known to be inde-
pendently associated with higher mortality risk [16, 37, 38].
Therefore, we accounted for them in the analysis to achieve
unbiased results. Psychosocial and physical demands were
mutually adjusted in the models.

Statistical analysis

We stratified the analyses by sex and type of work demands.
We determined the characteristics of the participants as
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frequencies and percentages for categorical variables, and as
median and interquartile range (IQR) for continuous varia-
bles. Participants from each cohort were followed up for the
incidence of all-cause mortality from baseline measurement
of the respective work demands until the time of death or end
of follow-up, whichever occurred first. We used the follow-
up years as a timescale variable in the analysis.

The associations of psychosocial and physical demands
with all-cause mortality were examined in two steps. First,
we investigated the associations for both work demands sepa-
rately in each cohort using Cox proportional-hazards regres-
sion models. Crude associations were calculated in Model 1,
followed by hazard ratios (HRs) and their 95% confidence
intervals (Cls) adjusted for socio-demographic variables
(Model 2), additionally adjusted for lifestyle factors (Model
3), and further adjusted for work factors, physical or psycho-
social demands accordingly (Model 4, fully adjusted), by
referencing the low-exposure group. We then tested the
proportional-hazards assumption for Model 4. Because the
assumption was violated, we used Weibull distribution to
model the hazard function. Second, we calculated the pooled
estimates of all-cause mortality for both work demands based
on the cohort-specific HRs from Model 4 by using a random-
effects meta-analysis. Heterogeneity between studies was cal-
culated by using the Higgins’ I* test statistic and the Paule—
Mandel estimator for 7% [2]. Nelson—Aalen cumulative haz-
ard curves for all-cause mortality are also presented. The
analyses were performed in Strata version 17 and R ver-
sion 4.2.2.

Results

The participants were followed up for an average of 25 years
[standard deviation (SD) 7], with the shortest mean follow-
up year in ELSA (10.2 years, SD 1.1) and longest in GAZEL
(27.6 years, SD 4.5) (Table 1). Among participants with psy-
chosocial work demands, we recorded 5048 deaths from all
causes among males (out of 7153 deaths) over 554 718
person-years (py) at risk (out of 876 793 py), resulting in an
incidence rate of 91.0 per 10 000 py. Among participants
with physical work demands, 5101 out of 7277 deaths were
contributed by males during 558 137 py (out of 885 666 py)
with an incidence rate of 91.4 per 10 000 py. Detailed de-
scription of the distribution of socio-demographic and life-
style factors by cohort and by psychosocial and physical
demands for females (Tables 2a and 2b) and males (Tables 3a
and 3b) is provided in the Supplementary material.

All-cause mortality among females

The pooled estimates (Fig. 1a) based on the fully adjusted
models showed lower risk of all-cause mortality for females
with moderate (HR 0.96, 95% CI 0.85-1.07) and high (HR
0.98, 95% CI 0.82-1.17) compared with those with low psy-
chosocial work demands. No heterogeneity between the
cohorts was observed for the estimates for moderate expo-
sure (I> = 0%) but there was modest heterogeneity for the
estimates for high exposure (I* = 39%). The cohort-specific
results (Table 4a) showed inconsistent associations through-
out Models 1-4, suggesting that the risk would increase or
decrease, depending on the model and cohort. Regarding the
physical work demands, the pooled estimates indicated that
the risk of mortality increased for moderate (HR 1.02, 95%
CI 0.86-1.21) and high (HR 1.06, 95% CI 0.91-1.23)
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exposure levels. Between-study heterogeneity (I?) was low, at
22% and 25%, individually. In both work demands, based
on the cohort-specific results, a few strong associations with
mortality were found in Models 1 and 2, which were not sus-
tained after adjustment for lifestyle factors (Model 3).

All-cause mortality among males

The pooled estimates for psychosocial work demands among
males (Fig. 1b) based on the fully adjusted models showed
lower risk of all-cause mortality at moderate (HR 0.98, 95%
CI 0.90-1.06) and high (HR 0.96, 95% CI 0.88-1.05) expo-
sures versus low with no heterogeneity between the cohorts
(* = 0%). Conlflicting indications of positive and negative
associations were seen throughout the cohort-specific results
from Models 1 to 4 (Table 4b). In terms of the physical work
demands, the pooled estimates suggested that the mortality
risk increased by a 10%-point (HR 1.10, 95% CI 1.02-1.19)
and 7%-point (HR 1.07, 95% CI 0.98-1.17) among males
with moderate and high exposure levels compared with low,
correspondingly. In both work demands across the cohort-
specific results, a few strong associations were recorded in
Models 1 and 2, which were attenuated after adjustment for
lifestyle factors (Model 3).

Cumulative hazard for all-cause mortality

Figure 2 presents the unadjusted cohort-specific Nelson—
Aalen cumulative hazard estimates for all-cause mortality
due to psychosocial and physical work demands by sex. The
cumulative hazard increased linearly during the follow-up
and the curves for each exposure level began to diverge in the
fifth year of follow-up. The rates were higher for males than
females and, in the case of physical demands, for those with
moderate and high exposure levels than low.

Discussion

Our findings can be summarized as follows. (i) In both sexes,
it was unclear whether psychosocial work demands increased
or decreased all-cause mortality risk. (ii) Most of the findings
demonstrated a positive association between physical work
demands and all-cause mortality in both sexes, which was
even more robust for moderate exposure among males. (iii)
All-cause mortality risks attributable to physical demands
were noticeably higher among males than females, whereas
the same could not be said for psychosocial demands.

Our findings were inconclusive in terms of the effects of
psychosocial demands on the risk of death. Our results
among females partly resonate with those of studies that doc-
ument both positive [6, 7] and negative [4, 8] associations
with all-cause mortality. Similarly, in males, existing investi-
gations showed that psychosocial demands were either not
associated [3, 4] or, if any, associated with lower mortality
risk [6, 8], and our results somewhat support the latter con-
clusion. However, exposure to psychosocial work stressors
has been suggested to affect survival negatively, especially
among males [4-6]. In the studies that show the association,
psychosocial stressors were measured as high job strain, i.e.
the combination of high job demands and low job control.
Yet, our study included only job demands, which is narrower
than the broad concept of psychosocial stressors, which
therefore might explain the discrepancy with earlier findings.

Our study revealed that physical demands increased the
risk of all-cause mortality in both sexes. The findings in our
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Work demands and all-cause mortality
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Tanjung et al.
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Work demands and all-cause mortality

(a) Females

Study Total partici Deaths,Moderate vs. low psy ]
No. No. work exposure, female HR [95%-Cl]
ELSA 874 15 1.81[0.60; 5.39]
FLAME 3122 741 —E 0.89[0.73; 1.09]
GAZEL 3731 280 —_——— 0.84 [0.60; 1.18]
HRS 3060 844 T 1.01[0.87; 1.18]
Random effects model 0.96 [0.85; 1.07]
Heterogeneity: 1% = 0%, 7= 0, p = 0.42
05 1 2
Reduced risk  Increased risk

of mortality  of mortality

Study Total partici Deaths, Moderate vs. low physical

No. No. work exposure, female HR [95%-CI]
ELSA 874 15 1.98[0.58; 6.72]
FLAME 3122 41
GAZEL 3731 280
HRS 3060 844
Random effects model 1.02 [0.86; 1.21]

Heterogeneity: 1 = 22%, 2 = 0.0090, p = 0.28
05 1 2
Reduced risk  Increased risk
of mortality of mortality

(b) Males

Study Total partici Deaths, vs. low psy

No. No. work exposure, male HR [95%-Cl]
ELSA 964 38 1.19[0.58; 2.43]
FLAME 2528 1159 0.89[0.75; 1.05)
GAZEL 10838 1551 1.02[0.87; 1.18]
HRS 3540 1369 - 1.00[0.89; 1.13]
Random effects model 0.98 [0.90; 1.06]
Heterogeneity: /2 = 0%, ©?=0, p =059

0.5 1 2

Reduced risk  Increased risk
of mortality  of mortality

Study Total participant, Deaths, Moderate vs. low physical

No. No. work exposure, male HR [95%-CI]
ELSA 964 38 — 0.60 [0.25; 1.48]
FLAME 2528 1159 +—i— 1.12[0.96; 1.30]
GAZEL 10838 1551 Hl- 1.11[0.99; 1.24]
HRS 3540 1369 i 1.08 [0.93; 1.25]
Random effects model . 1.10 [1.02; 1.19]
Heterogeneity: 1 = 0%, ©? =0, p = 0.59

0.5 1 2
Reduced risk  Increased risk

of mortality ~ of mortality

Study Total participant, Deaths, High vs. low psychosocial

No. No. work exposure, female HR [95%-CI]
ELSA 874 15 — 1.02[0.11; 8.97]
FLAME 3122 741 —= 0.83[0.67; 1.02]
GAZEL 3731 280 -+—— 1.26[0.93; 1.71]
HRS 3060 844 — 0.98[0.81;1.18]

Random effects model
Heterogeneity: 1 = 39%, 1 = 0.0113, p = 0.18

0.98 [0.82; 1.17]
I
0.5 1 2
Reduced risk  Increased risk
of mortality  of mortality

Study Total participant, Deaths, High vs. low physical
No. No. work exposure, female HR [95%~-CI]
ELSA 874 15 «—————1——— 0.86[0.15;4.89]
FLAME 3122 741 —B- 0.90[0.73; 1.12]
GAZEL 3731 280 s 1.08 [0.70; 1.65]
HRS 3060 844 i 1.19[1.00; 1.42]
Random effects model ? 1.06 [0.91; 1.23]
Heterogeneity: /2 = 25%, 1 = 0.0033, p = 0.26 f !
0.5 1 2

Reduced risk  Increased risk
of mortality  of mortality

Study Total participant, Deaths, High vs. low psychosocial

No. No. work exposure, male HR [95%-CI]
ELSA 964 38 1.17[0.43; 3.14)
FLAME 2528 1159 0.89 [0.74; 1.06]
GAZEL 10838 1551 —— 0.96 [0.83; 1.10]
HRS 3540 1369 1.02[0.88; 1.19]

T

05 1 2
Reduced risk  Increased risk
of mortality of mortality

Random effects model
Heterogeneity: 12 = 0%, ©? =0, p = 0.69

0.96 [0.88; 1.05]

Study Total participant, Deaths, High vs. low physical

No. No. work exposure, male HR [95%-Cl]
ELSA 964 38 0.83[0.40; 1.76]
FLAME 2528 1159 —— 0.98[0.82; 1.16]
GAZEL 10838 1551 1.13[0.98; 1.31]
HRS 3540 1369 1.09 [0.95; 1.25]

Random effects model
Heterogeneity: 2= 0%, ?= 0,p =0.56

1.07 [0.98; 1.17]

0.5 1 2
Reduced risk  Increased risk
of mortality of mortality

Figure 1. Pooled and cohort-specific estimates of the associations of psychosocial (top) and physical (bottom) work demands with all-cause mortality
among (a) female and (b) male participants in two comparison groups: moderate versus low exposure (left) and high versus low exposure (right). The
pooled estimates of all-cause mortality for both work demands were calculated using random-effects meta-analysis. Heterogeneity between the cohort
studies was calculated using the Higgins' /? test statistic and the Paule-Mandel estimator for 72. The estimates are based on Models 4 in Table 4a and
4b, which included adjustment for socio-demographic information, lifestyle factors, and physical or psychosocial work demands, accordingly. ELSA,
English Longitudinal Study of Ageing; FLAME, Finnish Longitudinal Study of Aging Municipal Employees; GAZEL, GAZand Electricité; HRS, Health and

Retirement Study; VS, versus.

investigation are at odds with earlier works that described no
clear associations for either sex [14, 39, 40]. Particularly no-
ticeable were the results for females in GAZEL and HRS,
which were indicative of strong, positive associations with
all-cause mortality. These associations were sustained in the
pooled analysis and in the cohort-specific results in the sup-
plementary analysis, and exceptionally held true in the case
of HRS, with 19%-point increased risk after full adjustment.
This is possibly due to the fact that the questions in HRS and
GAZEL measured the perceived physical heaviness of work
more directly than those in the other two cohorts, hence the
weaker and inconsistent associations in ELSA and FLAME.
Regarding males, our results are in line with those of a re-
cent study [41] in which the same method as ours was used
and other studies that report a higher mortality risk due to
heavy physical work [13, 16, 23, 24, 42]. In our findings, al-
though a high level of physical demands was positively

associated with mortality, the magnitude of the estimate was
slightly lower than that of the moderate level. This could im-
ply the presence of healthy worker bias in which jobs with
the utmost physical demands are often performed by the fit-
test workers, as those with the poorest health are more likely
to have died, quit, or been relocated to jobs with
lower demands.

Sex differences in the risk of all-cause mortality

Our findings documented the sex differences in mortality risk
attributable to physical demands in which males were at
higher risk of death than females. Previous studies also found
a higher risk of death among males in relation to psychoso-
cially and physically strenuous work, although the extent var-
ied between studies [4-6, 13, 16, 23, 41]. Males are more
likely to perform jobs that are characterized by heavy mental
and physical workloads, low decision latitude, long hours,


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyaf045#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyaf045#supplementary-data
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(a) Psychosocial work demands
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Figure 2. Unadjusted cumulative hazard estimates of the association between (a) psychosocial and (b) physical work demands and all-cause mortality,
stratified by sex and cohort. The hazard functions were visualized using the Nelson—Aalen analysis. In each cohort and in both sexes, the cumulative
hazards of death increased during the follow-up period, measured in years. ELSA, English Longitudinal Study of Ageing; FLAME, Finnish Longitudinal
Study of Aging Municipal Employees; GAZEL, GAZ and Electricité.
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and poor working conditions. Work stress is a known risk
factor for coronary heart disease and mental disorders [43,
44] whereas heavy physical work has been linked to musculo-
skeletal disorders [18, 24]. The health problems that occur
from such work demands are not only debilitating, but also
among the leading causes of death. Males in these types of
occupations are likely to be of lower socioeconomic back-
grounds, which are known to have lower life expectancy than
females in general and males in higher socioeconomic posi-
tions [45]. Subsequently, behavioral factors may also play a
role, as males with a lower socioeconomic status are more
likely to adopt health-deteriorating lifestyles [16, 38].
Alternatively, the discrepancy in mortality risk could be
explained by the difference in physiological responses to
work stressors [46].

The observed sex differences in the current study could
also be interpreted in a few ways. First, males and females
may have a distinguished approach in performing the same
physical tasks [47]. Second, the same work demands might
be experienced and perceived differently by males and
females, which applies to both psychosocial and physical
demands [2, 16]. It has been suggested that males’ assessment
of their work is more parallel to experts’ rating than females’
[48] and, in our case, this might have been true given that het-
erogeneity was only detected among females. However, it
could also mean that the content and intensity of the same
work are more diverse among females across these cohorts,
which are also influenced by cultural and individual factors,
whereas the nature of work for males might have been con-
stant over the different time periods.

Strength and weakness

This study stands among the first to have examined the rela-
tionships between psychosocial and physical work demands
with all-cause mortality by utilizing individual participant
data from multiple cohort studies and pooled the cohort-
specific estimates following the original investigation [41]. As
the cause of death was not specified and the data were
obtained from national registers and company databases,
there was no room for outcome misclassification bias.

The present study has several limitations. The number of
participants declined due to incomplete information on the
covariates. However, when the analysis was repeated only
among those with the complete covariates, the results were
similar to the main results (Supplementary Tables S2a and b).
Adjustment of the associations for lifestyle factors may have
undermined the effects of the work exposures. Nevertheless,
adjustments were necessary to estimate the independent
effects of the work exposures. Re-categorization of the work
exposures from multiple to three categories may have intro-
duced misclassification bias that consequently could have at-
tenuated the estimated effects. We compared the results
across three different techniques of categorization: original
scales of each cohort, two categories, and the current catego-
ries with three exposure levels (Supplementary Tables S3 and
S4). These sensitivity analyses indeed showed that, overall,
re-categorizations underestimated the associations with mor-
tality in both sexes. Nonetheless, our results with three cate-
gories summarized the nuances in the results with the original
scales fairly well and should therefore remain representative.

The use of subjective measures of work exposures may
have led to reporting bias. However, when investigating
work demands, self-reports may be more favorable than
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objective measures, as one’s perceptions of work could reflect
the reality of the work burden and further influence the
health status. Additionally, self-reports likely capture the het-
erogeneity of the work exposures among employees whereas
objective instruments provide an assumed averaged exposure
[49]. It is crucial to note that, in some of our cohorts, the ex-
posure measurement had limited validity, which makes the
accurate separation of psychosocial from physical demands
and vice versa difficult. Thus, it might have pulled the associ-
ation towards the null. We also acknowledge that the meas-
ures of work demands were heterogeneous across the
cohorts. Nevertheless, the selected measures have been used
in previous studies to represent psychosocially and physically
demanding work within the corresponding cohorts [31-35].
This study lacks adjustment for exposure to other occupa-
tional hazards (e.g. airborne particles and hazardous chemi-
cals), factors that characterized the context of each cohort (e.
g. labor and social policies), and the survey period, which
may have attenuated the association between work demands
and mortality. Extrapolation of the current findings to the
general working population in their mid- or late careers
should be done with caution, as the participants in half of
our cohorts came from a specific sector of work. Our results
are drawn from the most developed countries in the northern
hemisphere, likely underestimating the actual health conse-
quences of heavy psychosocial and physical work in
other regions.

Conclusion

Our study demonstrates an inconsistency in the association
of psychosocial demands with all-cause mortality but a posi-
tive association for higher levels of physical demands, partic-
ularly among males with moderate exposure. Further
research using multiple cohorts with detailed work exposure
measurement is warranted.
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