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Abstract

Objective To examine the relation between long working hours and change in body mass index (BMI).

Methods We performed random effects meta-analyses using individual-participant data from 19 cohort studies from Europe,
US and Australia (n =122,078), with a mean of 4.4-year follow-up. Working hours were measured at baseline and
categorised as part time (<35 h/week), standard weekly hours (3540 h, reference), 41-48 h, 49-54 h and 255 h/week (long
working hours). There were four outcomes at follow-up: (1) overweight/obesity (BMI > 25 kg/mz) or (2) overweight (BMI
25-29.9 kg/m?) among participants without overweight/obesity at baseline; (3) obesity (BMI > 30 kg/m?) among participants
with overweight at baseline, and (4) weight loss among participants with obesity at baseline.

Results Of the 61,143 participants without overweight/obesity at baseline, 20.2% had overweight/obesity at follow-up.
Compared with standard weekly working hours, the age-, sex- and socioeconomic status-adjusted relative risk (RR) of
overweight/obesity was 0.95 (95% CI 0.90-1.00) for part-time work, 1.07 (1.02-1.12) for 41-48 weekly working hours,
1.09 (1.03-1.16) for 49-54 h and 1.17 (1.08-1.27) for long working hours (P for trend <0.0001). The findings were similar
after multivariable adjustment and in subgroup analyses. Long working hours were associated with an excess risk of shift
from normal weight to overweight rather than from overweight to obesity. Long working hours were not associated with
weight loss among participants with obesity.

Conclusions This analysis of large individual-participant data suggests a small excess risk of overweight among the healthy-
weight people who work long hours.

Introduction

Obesity is a modifiable risk factor for an array of health
problems, including cardiovascular disease, type 2 diabetes,
certain cancers and dementia that collectively contribute to
a substantial proportion of disease burden and death
worldwide [1, 2]. Resulting also from changes in living and
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working environments, the global ‘epidemic’ of obesity
currently affects all age groups, all populations, and coun-
tries of all income levels [3, 4].

Psychosocial work environment may have a role in
weight control although little research has been published
beyond perceived stress at work. Current evidence suggests
a modest association between work stress and overweight or
obesity, with limited support from longitudinal studies
[5, 6]. Another work-related aspect, long working hours,
may also contribute to weight gain, owing to extended
periods of sitting, reduced opportunities for exercise,
changes in eating habits leading to positive energy balance,
and subsequently to weight gain.

Previous studies suggest associations of long working
hours with increased incidence of cardiovascular disease
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and type 2 diabetes [7-9], for which obesity is also a major
risk factor [10, 11]. There are few prospective studies
examining the link between long working hours and chan-
ges in body weight, and the findings are inconsistent with
positive [12—15], and null [16] associations reported. Fur-
ther, one study found that long working hours may confer
protection against gaining weight [17]. In addition to the
paucity of evidence, studies in this field are typically
insufficiently powered to examine weight gain amongst
people who are previously not overweight.

Accordingly, with a large collaborative study of 19
cohorts from Europe, the US and Australia, we examined
the association between working hours and subsequent
change in body mass index (BMI), including an analysis of
long working hours in relation to each stage of weight gain:
from non-overweight to overweight or obesity, from over-
weight to obesity. Long working hours may also be asso-
ciated with lower probability of weight loss among those
with obesity. For the first time to our knowledge, the size of
this dataset allows to examine also this issue.

Materials and methods
Participants

We used data from 19 cohort studies (Supplementary
Table 1) which were either taken from Individual-
Participant-Data Meta-analysis in Working Populations
(IPD-Work) Consortium [18], or were available from one of
two digital repositories of research data (the Inter-
University Consortium for Political and Social Research;
http://www.icpsr.umich.edu/icpsrweb/ICPSR/) or the UK
Data Service (http://ukdataservice.ac.uk/). The studies were
chosen according to the availability of working hours and
BMI data in a prospective cohort design with the follow-up
not exceeding 10 years. All studies have their own approval
from their relevant local or national ethics committee, and
all participants had given informed consent.

Six cohort studies were from the UK: British Birth
Cohort 1970 (BCS1970) [19], British Household Panel
Survey [20], National Child Development Study [21],
Whitehall IT study [22], UK Household Longitudinal Study
[23], and English Longitudinal Study of Aging [24]; four
were from the US: Americans’ Changing Lives [25],
Midlife in the United States [26], Health and Retirement
Study [27], and National Longitudinal Survey of Youth
[28]; three from Finland: Finnish Public Sector Study [29],
Health and Social Support Study [30], and Helsinki Health
Study (HHS) [31]; two from Sweden: Swedish Long-
itudinal Occupational Survey of Health [32] and Work,
Lipids and Fibrinogen Norrland [33]; and one each from
Belgium: Belgian Job Stress Project (Belstress) [34];
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Germany: German Socioeconomic Panel Survey [35]; and
Australia: Household, Income, and Labour Dynamics in
Australia [36]. In addition, we included the Survey of
Health, Ageing and Retirement in Europe [37], which
included data from multiple European countries (France,
Germany, Finland, Sweden, Denmark, Slovenia, Cyprus,
Romania, Bulgaria, Greece, Czech Republic, Slovakia,
Hungary, Estonia, Latvia, Lithuania, Poland, The Nether-
lands, Belgium, Luxembourg, Spain, Portugal, Italy,
Switzerland, and Austria).

In total, there were 122,078 participants for prospective
analyses who were at work and provided data on working
hours, sociodemographic characteristics and repeat mea-
surements of BMI.

Assessment of working hours

In all cohorts, information on working hours at baseline
was obtained from self-report. We used the previously
used categorisation of weekly working hours: <35 (part
time), 35-40 (reference group), 41-48, 49-54 and 255 h
(long working hours) [38, 39]. In all these studies, working
hours data were based on a continuous response, the only
exception being HHS [31] where responses were based on
a pre-defined categorises (<30, 30-40, 41-50 and >50 h/
week). For the purposes of the present analyses, we treated
in that study the category of 30—-40 h/week as the reference
with <30 h/week corresponding to part time, 41-50 h/week
corresponding to the 41-48 h category in meta-analysis
and >50 working hours corresponding to the =55h
category.

Assessment of body mass index (BMI)

At baseline and follow-up, BMI (expressed as kg/m?) was
based on self-reported height and weight in all cohort stu-
dies except Whitehall II and Belstress, in which height and
weight were measured directly during a standardised clin-
ical examination. The following categories at baseline and
at follow-up were calculated: not overweight (BMI < 25.0);
overweight (25.0-29.9); obese (30.0 or more). For those
with obesity, we also determined whether they lost weight
to non-obesity or had weight loss of >5% [40] between the
baseline and follow-up.

Covariates

All covariates were measured at the baseline and were
typically either self-reported or register-based depending on
the study in question. Socioeconomic status was based on
occupational position, or educational qualification and was
categorised as high, intermediate, and low. Health-related
factors included pre-existing chronic somatic disease (e.g.,
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cardiovascular disease, diabetes, asthma, rheumatoid
arthritis), and psychological distress or depressive symp-
toms. Smoking (current vs non-smoker) [41] and leisure-
time physical activity (low vs intermediate/high) [42] were
both self-reported.

Statistical analyses

We used a two-stage approach to the present meta-analysis
[43]. First, we estimated study-specific associations with
individual participant data. With the outcomes of interest
being relatively common, we used log-binomial regression
analysis with relative risk (RR) as an estimator of effect and
its 95% confidence intervals as an indicator of precision.

In the second stage, we used random effects meta-
analysis to obtain a pooled estimate from the first-stage
study-specific estimates. We conducted our analyses in
seven parts. Part 1: forest plots including cohort-specific
estimates from main analysis comparing different working
hours categories in relation to weight gain—that is, transi-
tion from non-overweight to overweight/obesity), adjusted
for age, sex and socioeconomic status. Significance of trend
was assessed by meta-regression.

Further parts were conducted comparing 255 weekly
working hours to 3540 h. Part 2: weight gain outcome as in
analysis 1 plus adjustment for chronic somatic disease,
psychological distress/depressive symptoms, smoking and
physical activity. Part 3: sensitivity analysis excluding
smokers (adjusted for age, sex and socioeconomic status).
Part 4: sensitivity analysis excluding those with chronic
disease at baseline (adjusted for age, sex and socioeconomic
status). Part 5: sensitivity analysis excluding those with
underweight (BMI < 18.5, n = 1343; adjusted for age, sex
and socioeconomic status). Part 6: subgroup analyses by
sex, age groups (<50 years and 250 years), socioeconomic
status group, and by follow-up time (1-2, 3-4 and 5-9
years).

Part 7: further transitions between BMI categories from
baseline to follow-up: from non-overweight to overweight
only; from overweight to obesity; and weight loss from
obesity to non-obesity; and from obesity to >5%
weight loss.

Heterogeneity of the study-specific estimates was asses-
sed using the * statistic and T [44] with a higher numerical
value denoting greater heterogeneity. We calculated popu-
lation attributable fraction (PAF) [18, 45] for overtime
(>40) weekly hours, which indicates how much (in per-
centage) overweight/obesity in the general population
would be reduced if all full-time workers worked standard
35-40h, assuming that the associations are causal. The
study-specific results were computed using SAS 9.4 (Cary,
NC) and the meta-analyses were conducted using Stata 15
(College Station, TX).

Results

Of the 122,078 participants, 61,143 (50.1%) were without
overweight or obesity at baseline; 42,965 (35.2%) had
overweight and 17,970 (14.7%) had obesity. Of those
without overweight/obesity, 31,703 (51.9%) worked stan-
dard 35-40h a week, 10,568 (17.3%) worked 41-48h,
3897 (6.4%) worked 49-54h and 3947 (6.5%) worked
55 h or more. The number of part-time workers was 11,028
(18.0%). Of the cohort, 12,349 (20.2%) gained weight and
were overweight or obese at follow-up. The duration of
follow-up across studies was 1-9 years (mean 4.4 years),
corresponding to 267,491 person-years at risk for the
participants without overweight/obesity (Supplementary
Table 1).

Figure 1a—d shows the forest plots of RRs for new-onset
overweight/obesity at follow-up by the working hour cate-
gories. Compared with working standard 35-40h a week,
working 41-48 h was associated with RR =1.07 (95% CI
1.02-1.12; Panel a); working 49-54 h with RR = 1.09 (95%
CI 1.03-1.16; Panel b) and working 55h or more with
RR =1.17 (95% CI 1.08-1.27; Panel c). Part-time work, in
turn, was associated with RR =0.95 (95% CI 0.90-1.00;
Panel d). These findings suggest a dose-response relation
between longer working hours and the risk of increasing
body weight (P for trend <0.0001 in meta-regression; a
graph presented in Fig. 2). Heterogeneity, as estimated by
P, suggested no (a, b, and d) or moderate (c) heterogeneity
between study-specific estimates. z-values in Panels a—d
were 0, 0, 0.10 and 0.03, respectively.

Multivariable adjustment for chronic somatic disease,
mental health and lifestyle attenuated the association
between long working hours and onset of overweight/obe-
sity, from 1.17 (95% CI 1.08-1.27) to 1.12 (95% CI
1.01-1.25) (Fig. 3). Sensitivity analyses in which we
excluded cigarette smokers, those with chronic somatic
diseases, and those with underweight, had little impact on
the associations. Similarly, results were unchanged fol-
lowing subgroup analyses in which we stratified the data by
sex, age, socioeconomic group, or duration of follow-up.
The greatest heterogeneity in effect estimates was evident in
men, among those with high or low socioeconomic status,
and in studies with medium-length follow-up (3—4 years).
The overall PAF for overtime (>40h) work was 2.8%,
suggesting that if all full-time workers worked standard
35-40h, the population level reduction of overweight/
obesity would be 2.8%.

Figure 4 shows the results of further analysis of the
development of BMI between baseline and follow-up. Long
(=55) weekly working hours were associated with weight
gain from non-overweight to overweight (RR =1.16, 95%
CI 1.07-1.26 and no significant heterogeneity), but not from
overweight to obesity (RR =1.01, 95% CI 0.89-1.14). No
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Panel A: 41-48 vs 35-40 hours

Panel B: 49-54 hours vs 35-40 hours

Cohort RR (95% CI) N(cases) N
NL3Y78 — 1.35 (1.04, 1.75) 57 203
WOLF —e 1.33 (1.06, 1.68) 133 420
ELSA - 1.24 (0.62, 2.45) 9 44
HRS T 116 (0.91, 1.47) 64 255
Whitehall I - 114 (0.96, 1.36) 149 553
Belstress s 1.12 (0.86, 1.45) 57 192
MIDUS 1t 1.09 (084, 1.43) 50 141
UKHLS T 1.09 (0.93, 1.27) 186 596
NCDS T 1.08 (093, 1.25) 229 701
FPS 1.07 (0.96, 1.19) 373 2499
BHPS 1.06 (0.78, 1.44) 50 209
SOEP 1.06 (0.85, 1.32) 18 626
BCS1970 1.05 (0.90, 1.23) 241 1096
SLOSH 1.04(0.84,1.29) 120 756
HeSSup 100 (087, 1.13) 245 1275
SHARE — 099 (076, 1.29) 60 273
HILDX — 0.95(0.72,1.24) 56 255
ACL " 0.91(0.63, 1.32) 26 91
HHS —™— 0.81(0.63, 1.03) 60 381
Overall (I-squared = 0.0%, p = 0.614) O 107 (1,02, 1.12) 2283 10568

r T 1

5 1 2 4
Panel C: 55+ hours vs 35-40 hours
Cohort RR (95% CI) N(cases) N
NLSY79 — 1.66 (1.24,2.23) 3 101
WOLF 1.41 (0.4, 4.59) 2 6
Whitehall Il —a— 140 (1.14,1.73) 84 254
PS —.— 1.33 (1,09, 1.61) 88 462
UKHLS —a— 1.30 (1.07, 1.59) 72 180
BCS1970 —a— 1.28 (1.06, 1.55) 126 448
ELSA 1.25 (0.48, 3.30) 4 20
HeSSup —— 1.25(1.07, 1.47) 134 505
HHS —_—r 1.23(0.71,2.13) 10 42
ACL —T 1.21(0.86, 1.69) 2 89
NCDS —— 1.20(1.01, 1.42) 152 419
HILDA — 1.13(0.83, 1.54) 39 183
Belstress —— 1.06 (0.83, 1.35) 63 217
SHARE —_— 1.02(0.73, 1.43) 33 142
HRS —a— 1.01(0.79, 1.29) 62 277
BHPS —_—— 0.96 (0.61, 1.51) 19 9
SLOSH — 0.94 (0.68, 1.30) 38 257
MIDUS — 0.90 (0.64, 1.25) 32 110
SOEP - 059 (038, 0.92) 20 174
Overall (I-squared = 38.0%, p = 0.048) e 117 (1.08,1.27) 1046 3947

T T 1

5 1 2 4

Cohort RR (95% CI) N(cases) N
NLSY79 +—a— 1.31(0.94, 1.82) 31 115
SLOSH —— 1.27 (0.97, 1.66) 56 290
Belstress —_— 1.20 (0.84, 1.71) 25 78
NCDS —l— 1.20 (1.00, 1.42) 128 355
BHPS e 1.16 (0.76, 1.76) 21 81
Whitehal - 1.14 (0.93, 1.39) 99 370
FPS —i— 1.11(0.90, 1.36) 83 534
HeSSup 1.06 (0.87, 1.28) 92 43
ACL 1.06 (0.74, 1.51) 26 78
SOEP 1.05 (0.76, 1.44) 40 218
UKHLS 1.05(0.85, 1.29) 74 234
HILDA 1.03 (0.75, 1.42) 38 163
SHARE 1.02 (0.69, 1.50) 23 102
BCS1970 1.00 (0.81, 1.24) 95 434
MIDUS 0.98 (0.72, 1.34) 3%
HRS 0.96 (0.73, 1.26) 52 249
WOLF 0.90 (0.36, 2.25) 4 21
ELSA — 0.55(0.18, 1.71) 3 33
Overall (I-squared = 0.0%, p = 0.966) <> 1.09 (1.03, 1.16) 925 3897
T T
5 1 2
Panel D: Part-time vs 35-40 hours
Cohort RR (95% CI) N(cases) N
MIDUS I 1.15 (0.91,1.45) 81 258
BCS1970 T 1.14 (095, 1.37) 166 829
NLSY79 T 1.13 (0.88, 1.45) 72 325
ELSA —_—r— 1.12(0.69, 1.80) 43 232
WOLF —— 1.08 (057, 2.05) 9 53
Belstress —_— 1,04 (0.73, 1.49) 26 99
UKHLS 0.99 (0.87, 1.13) 389 1368
NCDS ::: 0.98 (0.85, 1.14) 295 1046
HeSSup —— 0.94(0.79,1.11) 136 816
SlosH —— 0.94(0.75, 1.18) 100 676
SHARE —— 0.91(0.73, 1.14) 131 725
FPS —a 0.90(0.78, 1.04) 182 1532
Whitehall Il —_— 0.89 (0.60, 1.31) 22 113
HILDA —a 089 (0.72, 1.09) 173 856
HRS — 0.88 (0.71,1.10) 97 549
BHPS —— 0.85 (0.63, 1.14) 66 304
ACL — ] 0.82 (0.58, 1.16) 34 156
SOEP — 0.77 (0.60, 0.99) 99 841
HHS —— 0.68 (0.49, 0.95) 32 250
Overall (-squared = 5.0%, p = 0.395) 0.95 (0.90, 1.00) 2153 11028
r T 1
5 1 2 4

Fig. 1 Relative risk (RR) and 95% confidence interval for the asso-
ciation between working hour category at baseline and onset of
overweight/obesity at follow-up in participants with BMI <25 kg/m? at

)

)

S
1D

=

@

o

e}

Part-time

Fig. 2 Tllustration of a dose-response pattern (trend) on the association
between working hours and onset of overweight/obesity from a meta-

analysis of 19 studies
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T

41-48 hours

49-54 hours

T
>55 hours

baseline (random effects meta-analysis adjusted for age, sex and
socioeconomic status) (a—d)

associations were observed between working hours and
weight loss among participants with obesity.

Discussion

In this individual-participant data meta-analysis of 19
cohort studies with 122,078 participants, we examined the
prospective associations between working hours and weight
change in a greater detail than has previously been possible.
We found a modest association but a suggestive dose-
response relation between longer working hours at baseline
and the risk of weight gain from non-overweight to over-
weight or obesity at follow-up. The association with weekly
working hours of 55 or more was further examined and the
analyses suggest that the finding is robust to adjustments
and replicable across subgroups. However, our detailed
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Fig. 3 Summary relative risk

Adjustments and sensitivity analyses

RR(95%Cl) I°% (p) T

(RR) of the onset of overweight/ Adjusted for age, sex and SES (19 studies) —— 117 (1.08,1.27) 38.0 (0.048)  0.10
obesity for long (=55 h/week) Multivariable adjusted (16 studies) —— 1.12(1.01,125) 454 (0.025)  0.14
working hours at baseline Smokers excluded (19 studies) —e 1.15(1.03,1.27) 44.8 (0.019)  0.15
compared with 3540 h from Chronic diseases excluded (16 studies) —a— 1.13(1.01,1.27) 40.7 (0.046) 0.14
serial adjustments and subgroup Underweight excluded (19 studies) —-— 1.15(1.08,1.24) 254 (0.151)  0.07
analyses in participants with Sub-group analyses
BMI <25 kg/mz at baseline. Men (18 studies) —— 1.24 (1.09, 1.41) 56.4 (0.002) 0.19
Relative risk ratios are adjusted Women (17 studies) T 1.08 (0.97, 1.20) 0.0 (0.570) 0.00
for age, sex and socioeconomic Aged <50 years (18 stud!es) — 1.19 (1.07,1.33)  44.8 (0.021) 0.14
. Aged =50 years (18 studies) —— 1.15(1.05, 1.26) 32.5 (0.091) 0.1
status as appropriate : )
High SES (18 studies) - 1.15(1.00, 1.32) 48.2 (0.012) 0.19
Intermediate SES (17 studies) —— 1.20 (1.07, 1.35) 0.0 (0.542) 0.00
Low SES (17 studies) —— 1.28 (1.07, 1.52) 46.0 (0.020) 0.23
Follow-up 1-2 y (4 studies) —— 1.09 (0.92,1.29) 32.1 (0.220)  0.10
Follow-up 3-4 y (7 studies) —a 1.21(1.00,1.45) 61.0 (0.017)  0.19
Follow-up 5-9 y (8 studies) —a— 1.19 (1.09, 1.30) 3.3 (0.404) 0.02
I 1
8 1 1.8
. . . Working h RR Het it
Fig. 4 Summary relative risk of orking hours f erogeneity
. . Outcome per week (95% CI) 1“% (p) =
weight changes from baseline to Weight gain L
follow-up for long (255 h/week) From non-overweight to overweight 35-40 (standard) 1 (ref)

working hours at baseline (19 studies)

compared with 3540 working
hours per week

From overweight to obesity
(18 studies)

Weight loss
From obesity to non-obesity
(13 studies)

From obesity to >5% weight loss
(18 studies)

analysis of the development of BMI showed that long
working hours may increase the risk of a shift from normal
to overweight but not from overweight to the obese cate-
gory. Working hours were not associated with weight loss
among those who had obesity.

Our results are in line with previous prospective studies
suggesting a positive association between long working
hours and BMI [12-15] but in contrast with one small-scale
Japanese study which reported that long working hours
were associated with lower likelihood of weight gain [17].
The previous studies with positive findings were limited to
datasets that included older [12] or younger [13] men and
women, middle-aged women only [14], or industrial
employees [15]. With a large dataset we were able to obtain
more precise estimates for the association between working
hours and BMI, including separate analyses for men and
women and across age groups and socioeconomic strata.

The longest (255) weekly working hour category was
associated with a 1.17-fold risk of new-onset overweight or
obesity in the model adjusted for age, sex and socio-
economic status. The estimates from other working hour
categories suggested a dose-response relationship although
the overall association was modest. The association
remained after adjustment for other lifestyle factors, chronic

>55 (long hours) 1.16 (1.07,1.26) 31.2 (0.096) 0.09

35-40 (standard) : 1 (ref)
>55 (long hours) 1.01(0.89, 1.14) 58.4(0.001) 0.20

35-40 (standard) | | 1 (ref)
>55 (long hours) — e 0.93(0.69, 1.25) 21.1(0.230) 0.24
35-40 (standard) 1 (ref)

>55 (long hours) 0.98(0.81,1.19) 67.9 (0.000) 0.33

0.5 1.0 2.0

diseases and psychological distress, exclusion of smokers
and those with chronic somatic disease or underweight, and
in subgroup analyses by sex, age, socioeconomic status and
length of follow-up. Thus, although weak, the association
between long working hours and weight gain appeared to be
robust. Our sensitivity analyses suggested that we can be
most confident with the finding regarding a shift from
normal to overweight category, with a RR of 1.16 with no
significant heterogeneity in study-specific estimates.
Possible mechanism explaining the association between
long working hours and weight gain may be extended
periods of sitting, because today, many occupations are
sedentary. Other mechanisms may be linked to too little
exercise and unhealthy diet, because people with long
working hours may not have resources, time or energy to
engage in a healthy lifestyle [7]. Part-time workers—
potentially having more time—seemed to have a lower risk
of weight gain in our meta-analysis. This finding is in line
with previous observations on Australian women who
worked part time and had a smaller risk of weight gain than
women who worked full time [14]. In our study, the 1.17-
fold risk with long (>55) weekly working hours attenuated
to 1.12 in a multivariable adjusted model adding physical
and mental health, smoking and physical inactivity.
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However, information on eating habits, one of the potential
underlying mechanisms, was not available in our study.
Another unmeasured mechanism could be prolonged sitting
time at work, because our measures of physical activity
covered only leisure-time physical inactivity. However,
even though prolonged overall sitting time has been asso-
ciated with a higher occupational status [46], our findings
did not suggest differences the association between long
working hours and weight gain between socioeconomic
groups. Moreover, commuting hours would be an important
factor to be considered in further studies to increase our
understanding of the relationship between time-related
factors and weight gain. However, previous studies have
suggested that unhealthy lifestyle is not a major mechanism
between long working hours and cardiovascular diseases
[7]. The modest association found between long working
hours and weight gain in the present study also supports the
hypothesis of mechanisms being other than obesity.

Long working hours were not associated with weight
loss among participants with obesity. However, we could
not distinguish between intentional and unintentional
weight loss. One could assume that psychosocial factors,
such as work-related stress, affect success in intentional
attempts to lose weight among overweight individuals
whereas other factors, such as the onset of physical diseases
may contribute to unintentional weight loss. However, the
relationship between stress and weight change has been
suggested to be complex as for some people stress seem to
induce weight gain whereas for others it is associated with
weight loss and for still others stress has no significant
effect on weight [6].

Important strengths of our study include the first large-
scale longitudinal individual participant data analysis of the
association between working hours and weight change. A
large sample size with harmonised variables reduces the
likelihood of random error. We included cohort data from
several countries in Europe, US and Australia, which
increases generalisability of our findings, however, to those
countries only. Notable limitations include an observational
study design, which does not allow us to determine caus-
ality, and self-reported exposure to working hours and BMI
in almost all cohorts. Working hours was measured only
once although for some employees, long reported working
hours may have had been a temporary ‘peak’ which was
resolved shortly after the baseline survey whereas for oth-
ers, excessive hours may have had been persistent. Self-
report may also involve recall bias if the participants’ recall
hours worked inaccurately or if they overestimate their
height and underestimate their weight [47]. However, the
validity of self-reported working hours has been found to be
at least moderate [48] and the associations between BMI
and cardiometabolic disease have been shown to be similar
for self-reported and directly measured weight and height

SPRINGER NATURE

[49]. We were thus unable to assess whether the relatively
small overall risk was an underestimate due to mis-
classification of the exposure or outcome. However, expo-
sure misclassification may contribute to both under- and
over-estimation of associations.

The PAF was 2.8% which suggests that overweight/
obesity could be reduced by 2.8% if all full-time workers
worked standard 35 to 40h a week and the observed
associations were causal. Given the multifactorial aetiology
of obesity, this PAF is not trivial for population-wide pre-
vention although the clinical significance at the individual
level is modest. This size of PAF is comparable with those
obtained for the relation of work stress (3.4%) [18] and
depressive symptoms (1.1%) [45] with coronary heart dis-
ease although direct comparisons with BMI are not avail-
able. However, due to the causality assumption, findings on
PAF in observational studies should be interpreted
cautiously.

In conclusion, this individual participant meta-analysis of
19 cohort studies found a small excess risk of overweight
among individuals who work longer hours. Detailed ana-
lyses were consistent with the hypothesis that the impact of
long working hours involves the progression from normal to
overweight rather than from overweight to obesity and that
working long hours is not associated with weight loss
among individuals with obesity. Future longitudinal studies
assessing causality and underlying mechanisms, such as diet
and accelerometer-measured physical activity would
increase our understanding of the effects of long working
hours on changes in body weight.
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