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ARTICLE INFO ABSTRACT

Handling Editor: Paul Whaley Background: World Health Organization (WHO) and International Labour Organization (ILO) systematic reviews
reported sufficient evidence for higher risks of ischemic heart disease and stroke amongst people working long

Keywords: hours (>55 hours/week), compared with people working standard hours (35-40 hours/week). This article

Burden of disease presents WHO/ILO Joint Estimates of global, regional, and national exposure to long working hours, for 194

Working hours
Ischemic heart disease
Stroke

countries, and the attributable burdens of ischemic heart disease and stroke, for 183 countries, by sex and age,
for 2000, 2010, and 2016.

Methods and Findings: We calculated population-attributable fractions from estimates of the population exposed
to long working hours and relative risks of exposure on the diseases from the systematic reviews. The exposed
population was modelled using data from 2324 cross-sectional surveys and 1742 quarterly survey datasets.
Attributable disease burdens were estimated by applying the population-attributable fractions to WHO’s Global
Health Estimates of total disease burdens.

Results: In 2016, 488 million people (95% uncertainty range: 472-503 million), or 8.9% (8.6-9.1) of the global
population, were exposed to working long hours (>55 hours/week). An estimated 745,194 deaths
(705,786-784,601) and 23.3 million disability-adjusted life years (22.2-24.4) from ischemic heart disease and
stroke combined were attributable to this exposure. The population-attributable fractions for deaths were 3.7%
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(3.4-4.0) for ischemic heart disease and 6.9% for stroke (6.4-7.5); for disability-adjusted life years they were
5.3% (4.9-5.6) for ischemic heart disease and 9.3% (8.7-9.9) for stroke.

Conclusions: WHO and ILO estimate exposure to long working hours (>55 hours/week) is common and causes
large attributable burdens of ischemic heart disease and stroke. Protecting and promoting occupational and
workers’ safety and health requires interventions to reduce hazardous long working hours.

1. Introduction

The protection and promotion of occupational and workers’ safety
and health requires actions to prevent exposures to occupational risk
factors. One such occupational risk factor is exposure to long working
hours. The very first International Labour Standard, Hours of Work (In-
dustry) Convention, 1919 (No. 1) (1st International Labour Conference,
1919), and several other international labour standards (International
Labour Organization, 2019a) adopted since have limited hours of work.
In 2019, countries renewed their commitment to ensuring maximum
limits on working time in the Centenary Declaration on the Future of Work
(International Labour Organization, 2019b).

The Hours of Work (Industry) Convention provides that the working
hours of employed persons shall not exceed 8 hours/day and 48 hours/
week (with some exceptions). In some countries, however, the definition
of long working hours depends on national regulations. Nevertheless,
many countries define standard working hours as 35-40 hours/week
and working >41 hours/week as overtime work (International Labour
Organization, 2017). Occupational epidemiologists often categorize
long working hours into the three analytical categories of 41-48, 49-54,
and >55 hours/week, and compare these to standard working hours
(3540 hours/week) (Descatha et al., 2020; Li et al., 2020a). After
average working time decreased steadily over the second half of the 20th
century in most countries, this overall downward trend ceased and even
began to reverse in some countries during the 21st Century (Messenger,
2018). As new information and communication technologies revolu-
tionize work, working time is predicted to further increase for some
industries (Messenger, 2018).

Evidence from previous studies suggests working long hours can

increase mortality and morbidity from ischemic heart disease and stroke
through psychosocial stress. Two primary causal pathways are
conceivable (Fig. 1). The first is through biological responses to psy-
chosocial stress: release of excessive stress hormones due to working
long hours (Chandola et al., 2010; Jarczok et al., 2013; Nakata, 2012)
may trigger functional dysregulations in the cardiovascular system and
structural lesions (Kivimaki and Steptoe, 2018). The second pathway is
through behavioral responses to stress that are established cardiovas-
cular risk factors, including tobacco use, harmful alcohol use, unhealthy
diet, physical inactivity, and resultant impaired sleep (Sonnentag et al.,
2017; Taris et al., 2011; Virtanen et al., 2009).

Some long working hours categories are associated with a higher risk
of ischemic heart disease and stroke events. The World Health Organi-
zation (WHO) and the International Labour Organization (ILO), sup-
ported by large Working Groups of individual experts, have conducted
systematic reviews and meta-analyses of the relative risks of ischemic
heart disease (Li et al., 2020a) and stroke (Descatha et al., 2020) among
persons working 41-48, 49-54, and >55 hours/week, compared with
persons working 35-40 hours/week (Table 1). Confounding was
considered by, at least, sex, age, and an indicator of socioeconomic
status (SES; e.g., income, education, or occupational grade). The
Working Groups of individual experts judged there to be sufficient evi-
dence that working >55 hours/week is associated with a higher risk of
both ischemic heart disease and stroke, compared with working 35-40
hours/week (Table 1). To our knowledge, these are the first systematic
reviews on these topics that are based on pre-published protocols
(Descatha et al., 2018; Li et al., 2018); applied a dedicated systematic
review framework (the Navigation Guide; Woodruff et al., 2011); and
formally proceeded to assess quality and strength of evidence based on

Occupational risk factor

Exposure to long working hours

Mediators

blood pressure, and atrial fibrillation

and poor recovery

Pathway 1 (physiological responses): Autonomous
nervous system activity, immune system activity, high

Pathway 2 (behavioural responses): Smoking, alcohol
use, physical inactivity, unhealthy diet, impaired sleep,

Confounders

Age, sex, and socioeconomic
position

Health outcomes

Ischemic heart disease, stroke

Fig. 1. Conceptual model of the possible causal relationship between exposure to long working hours and ischemic heart disease and stroke. Footnote: Adapted from
Li et al. (2020a) and Descatha et al. (2020). Some variables in this conceptual model, such as smoking and physical inactivity, could be confounders, mediators or

both at the same time.
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Table 1
Bodies of evidence from systematic reviews and meta-analyses on the effect of exposure to long working hours on ischemic heart disease and stroke, by long working
hours category.

Health outcome Long Number of studies in Relative risk (95%  Navigation Guide rating Navigation Guide rating of Evidence judged as sufficient
working meta-analysis confidence of quality of evidence ( strength of evidence for (as per Ezzati et al., 2002) to
hours (participants) interval) Woodruff et al., 2011)* human data (Woodruff et al.,  proceed to estimation for this
category 2011)" category

Ischemic heart 41-48 hours/ 20 studies (312,209 0.99 (0.88-1.12) Low quality Inadequate evidence of No

disease (Li week participants) harmfulness

et al., 2020a) ¢ 49-54 hours/ 18 studies (308,405 1.01 (0.82-1.25) Low quality Inadequate evidence of No
week participants) harmfulness
>55 hours/ 22 studies (339,680 1.17 (1.05-1.31) Moderate quality Sufficient evidence of Yes
week participants) harmfulness

Stroke (Descatha 41-48 hours/ 12 studies (265,937 1.04 (0.94-1.14) Low quality Inadequate evidence of No

et al., 2020) ¢ week participants) harmfulness
49-54 hours/ 17 studies (275,181 1.13 (1.00-1.28)° Moderate quality Limited evidence of No
week participants) harmfulness
>55 hours/ 7 studies (162,644 1.35(1.13-1.61) Moderate quality Sufficient evidence of Yes
week participants) harmfulness

@ Navigation Guide quality of evidence ratings (Woodruff et al., 2011): High quality = Further research is very unlikely to change our confidence in the estimate of
effect. Moderate quality = Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality =
Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

b Navigation Guide ratings of strength of evidence (Woodruff et al., 2011): Sufficient evidence of harmfulness: The available evidence usually includes consistent
results from well-designed, well-conducted studies, and the conclusion is unlikely to be strongly affected by the results of future studies. For human evidence a positive
relationship is observed between exposure and outcome where chance, bias, and confounding, can be ruled out with reasonable confidence. Limited evidence of
harmfulness: The available evidence is sufficient to determine the effects of the exposure, but confidence in the estimate is constrained by such factors as: the number,
size, or quality of individual studies, the confidence in the effect, or inconsistency of findings across individual studies. As more information becomes available, the
observed effect could change, and this change may be large enough to alter the conclusion. For human evidence a positive relationship is observed between exposure
and outcome where chance, bias, and confounding cannot be ruled out with reasonable confidence. Inadequate evidence of harmfulness: Studies permit no conclusion
about a toxic effect. The available evidence is insufficient to assess effects of the exposure. Evidence is insufficient because of: the limited number or size of studies, low
quality of individual studies, or inconsistency of findings across individual studies. More information may allow an estimation of effects. Evidence of lack of harmfulness:
The available evidence includes consistent results from well-designed, well-conducted studies, and the conclusion is unlikely to be strongly affected by the results of
future studies. For human evidence more than one study showed no effect on the outcome of interest at the full range of exposure levels that humans are known to
encounter, where bias and confounding can be ruled out with reasonable confidence. The conclusion is limited to the age at exposure and/or other conditions and
levels of exposure studied.

¢ A prior decision was made to select as input for modelling disease burden the “best” effect estimate (relative risks for morbidity versus mortality) based on strength
of evidence ratings. When strength of evidence was rated sufficient for mortality, the relative risk for mortality was used. When the strength of evidence was considered
inadequate for mortality, but sufficient for morbidity, the relative risks for morbidity were used. For ischemic heart disease, strength of evidence was rated sufficient for
ischemic heart disease mortality, therefore relative risk for mortality was used.

4 For stroke, strength of evidence was rated insufficient for stroke mortality but sufficient for stroke morbidity, therefore relative risk for morbidity was used.

¢ P=0.04

pre-published criteria and methods.

Countries, along with relevant international and regional organiza-
tions, and social partners, would benefit from accurate and transparent
estimates of long working hours exposure and the attributable burden of
disease. These provide the evidence base for designing, developing,
planning, costing, implementing, and evaluating legislation, regula-
tions, policies, programmes, and interventions to mitigate occupational
risk factor exposure and its attributable disease burden. This article
presents WHO/ILO Joint Estimates of the Work-related Burden of Dis-
ease and Injury (WHO/ILO Joint Estimates). These are estimates of ex-
posures to long working hours (>55 hours/week), for 194 countries, and
those of the burdens of ischemic heart disease and stroke attributable to
these, for 183 countries. All estimates are reported at the global,
regional (WHO regions), and national levels, by sex and age group, for
the years 2000, 2010, and 2016.

2. Materials and methods
2.1. Overview

WHO and ILO produced the estimates as part of the global
Comparative Risk Assessment (e.g., World Health Organization
(2016)), which systematically estimates health burden arising from
exposure to risk factors at levels above a counterfactual distribution

(Murray et al., 2004). We developed definitions of the occupational
risk factor, risk factor levels, and theoretical minimum risk exposure
level (Table S1 in Supplementary data 1). Estimates of attributable
burden were based on combining the distribution of exposure in the
population with relative risks of health outcomes due the effects of
exposure. This combination is then used to calculate the population-
attributable fractions (PAFs) (Murray et al., 2004). PAFs quantify the
proportion of death or disease that is attributable to a specific risk
factor, and, therefore, the respective reduction that would be ex-
pected if exposure was removed or present at a reduced level. Esti-
mates were produced and are reported for populations defined by
country, sex (i.e., three categories: both sexes, female, and male),
and age group (i.e., 18 categories: >15, 15-19, 20-24, ..., 90-94,
>95 years). The estimates are reported according to the Guidelines for
Accurate and Transparent Health Estimates Reporting (GATHER) (Ste-
vens et al., 2016). The complete script used to generate the estimates
in the computer software R can be found in Supplementary data 2.

2.2. Data sources

The estimates were produced using six sets of input data. Details of
these and their sources are shown in Table 2. An overview of how data
sources, input data, and models were combined to produce model out-
puts and burden estimates is provided in Fig. S1 (Supplementary data 1).
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Table 2

Description of input data and data sources.

Details about data extracted

Source data

Input Data

e Microdata on the total number of hours usually or actually worked per week in main job (and

e WHO/ILO Cross-sectional Global Working Hours Database

1. Cross-sectional data of proportion of survey

second job, if held)
o Official data on working hours were generally collected in line with the ILO resolution

e 467 million observations from 2324 surveys conducted in 154 countries between

participants in working hours categories

1 January 1976 and 31 December 2018 (Tables S2 and S3; Supplementary data

ional Labour Organization, 2008)

e Microdata were harmonized into six working hours categories: 0 hours/week (labour market

concerning the measurement of working time (Interna

e Official surveys (primarily Labour Force Surveys which target all working-age

inactive) (coded as 0); 0-34 hours/week (1), 35-40 hours/week (2), 41-48 hours/week (3),

49-54 hours/week (4), and >55 hours/week (5)
o Data were weighted using the survey weights produced by countries

population of a country) collected by national statistical offices and shared by

countries with ILO or WHO (96.4%)
e Gallup surveys (3.6%) shared by countries with ILO (used if no official surveys

o Aggregated by population defined by country, year, sex, and age group
o All workers are covered except unpaid domestic workers

were available for a country)

o Repeated measures from the same survey available for participants over consecutive years
o Because the microdata did not include individual participant identifiers, data were

e WHOY/ILO Global Longitudinal Working Hours Database

2. Longitudinal data on proportion of survey

e 155 million observations from 1742 quarterly data sets of Labour Force Surveys

participants per working hours category and

labour force activity category

probabilistically linked longitudinally, with matching by household number, household

sequence number, sex, and birth year
o Microdata on the number of working hours were extracted; harmonized into the standard

conducted in 46 countries between 1 January 2000 and 31 December 2018
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working hours categories; weighted using survey weights; and aggregated by population

defined by country, year, sex, and age group
o Data on labour force activity were also extracted and included

with ILO or Eurostat

Estimates of the total number of population by country, year, sex, and age group for the years

1950-2018

United Nations latest global population estimates (United Nations, 2019)

3. Estimates of the total population

Estimates of probability of death due to ischemic heart disease and stroke by country, year, sex,

and age group

WHO life tables (World Health Organization, 2020)

4. Estimates of probability of death

These concluded sufficient evidence of associations of working >55 hours/week with higher

risks of both ischemic heart disease and stroke (Table 1)

WHO/ILO systematic reviews and meta-analyses (Descatha et al., 2020; Li et al.,

2020a)

5. Estimates of relative risks

Estimates of total number of deaths and DALYs for ischemic heart disease and stroke by country,

sex, and age group for the years 2000, 2010, and 2016

WHO Global Health Estimates (World Health Organization, 2018a)

6. Estimates of total number of deaths and DALYs
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Additionally, Tables S2-S5 provide detailed descriptions of the data-
bases compiled from surveys (see Supplementary data 1). Briefly, data
on the proportions exposed were obtained from Input Data 1 and 2
(databases compiled from survey data); estimates of the total population
(Input Data 3) and the probability of death (Input Data 4) came from the
United Nations population prospect (United Nations, 2019) and WHO
life tables (World Health Organization, 2020), respectively; estimates of
relative risks of the association between exposure to long working hours
and the two health outcomes (Input Data 5) came from the WHO/ILO
systematic reviews (Descatha et al., 2020; Li et al., 2020a); and estimates
of the total number of deaths and disability-adjusted life years (DALYs)
for ischemic heart disease and stroke by country, sex, and age group for
the years 2000, 2010, and 2016 (Input Data 6) were sourced from the
WHO Global Health Estimates (World Health Organization 2018a).

The WHO/ILO systematic reviews (Descatha et al., 2020; Li et al.,
2020a) generated estimates of relative risk of the effect of exposure to
long working hours on both morbidity (disease incidence) and mortal-
ity, which were used to produce estimates of burden of disease (Fig. S1;
Supplementary data 1). As in other burden of disease studies, we only
proceeded to estimation if the effect estimate identified in the systematic
review was statistically significant (P < 0.05) and the strength of evi-
dence was rated as “sufficient evidence for harmfulness” (Ezzati et al.,
2002). We applied the following a priori criteria to select the “best” effect
estimate (relative risks for morbidity versus mortality) based on strength
of evidence ratings: First, if there is any evidence for fatal or non-fatal
events of the outcome that was rated as “sufficient evidence for harm-
fulness” (using standard Navigation Guide ratings as per Woodruff et al.,
2011), proceed to selection of “best” estimate. Second, if there is such
sufficient evidence:

e cither only for fatal events or only for non-fatal events of the outcome
(i.e. not both), then the relative risk for the event type with sufficient
evidence is selected.

e in the event that both fatal and non-fatal events have sufficient evi-
dence, estimates for fatal events are prioritized.

For exposure to >55 hours/week and ischemic heart disease,
strength of evidence was rated “sufficient evidence of harmfulness” for
mortality (Li et al., 2020a and Table 1), so the relative risk for fatal
events (RR 1.17, 95% confidence interval 1.05-1.31) was used as the
best estimate. For exposure to >55 hours/week and stroke, the strength
of evidence was considered “inadequate evidence of harmfulness” for
mortality, but “sufficient evidence for harmfulness” regarding morbidity
(Descatha et al., 2020 and Table 1); the relative risk for non-fatal events
(RR 1.35, 95% confidence interval 1.13-1.61) was therefore the best
estimate we used.

Because there was no evidence for effect modification by country,
sex, and age group, neither with regard to ischemic heart disease (Li
et al., 2020a) nor with regard to stroke (Descatha et al., 2020), the best
estimate was assigned to all cohorts defined by country, sex, and age.

2.3. Statistical modelling

The estimation strategy comprised modelling the input data in four
distinct models that consecutively built on each other (Models 1-4).
These are described below.

2.3.1. Model 1: Multilevel model to estimate proportion of population in
each working hours category by year

For each year between 1980 and 2016, for each population defined by
country, sex, and age group, we produced estimates of the proportion of
the population in each of the six standard working hours categories.
Because we had microdata on the number of hours worked (direct expo-
sure data), we produced these estimates without needing to consider
proxies (e.g., occupation and number of years of labour market activity in
the population). As for other WHO estimates (Bonjour et al., 2013; Wolf
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etal., 2013; Wolfet al., 2019), we modelled this proportion based on Input
Data 1 using an established multilevel model that predicts the prevalence
over time and in the geographical region (Goldstein, 2010; Leyland and
Goldstein, 2001). This method is used by WHO to produce Sustainable
Development Goal indicators (e.g., indicator 3.9.1; see https://unstats.un.
org/sdgs/metadata/files/Metadata-03-09-01.pdf) and has therefore
passed the approval of the United Nations Statistical Commission. It cre-
ates continuous estimates over the specified time period and estimates an
average intercept and an average slope with residual variances across
countries. Where there is reliable survey information of a specific country,
the country curve will closely follow the data; where there are few country
data points or high within-country variability, estimates will be close to
survey data points, but the trend will tend to follow the overall mean.
The model used is described below (Model 1):

proportion; = A;(sex, age, country) + B;(sex, age, country)*year

where proportion; is the proportion of the population in the working
hours category i in a given population defined by country, sex, and age
group; year is the survey year; and sex, age, and country are the sex, age
group, and country of the population. A;(sex, age, country) and B;(sex,
age, country) of the year, dependent on sex, age, and country, are esti-
mated using a multilevel model with country as fixed effects, and with
sex and age as random effects, nested in the country within the region
(with regions treated independently). Because proportion; was strongly
non-linearly dependent on age, we linearized age by 5th order orthog-
onal polynomials to prevent collinearity. For countries and years
without any data on long working hours, estimates were produced using
multilevel modelling based on data from countries with such data.

2.3.2. Model 2: Model of transition probabilities between working hours
categories

For each population defined by country, sex, and age group, we
estimated the probability (probability;) of transitioning from one of the
six working hours categories in year; to one specific working hours
category in yeary,;. The j denotes one of 36 possible transitions. We
adopted the methods developed by Eurostat for calculating these tran-
sition probabilities (Kiiver and Espelage, 2016). Using Input Data 2, we
scaled the survey weights for the target year (year¢,;) to represent the
correct labour market status by country, sex, and age group for the index
year (yeary) and the target year and then adjusted the complete sample
in the target year to match margins for labour market status in both
years, using iterative raking by sex. We modelled the probability based
on Input Data 2 using the following multinomial logit regression model
(Model 2):

eli%i

probability; = W
where f; is the set of regression coefficients describing the longitudinal
weights associated with the transition j; X; is a set of explanatory vari-
ables (sex, and age as a 2-degree fractional polynomial associated with
the transition j); and the summation (index a) goes through all possible
transitions of j (except the transition from i = 0 in year; to i = 0 in
year. 1, which was chosen as a pivot outcome).

With Model 2, WHO and ILO derived 15,900 transition probabilities
for the 15 countries with data in Input Data 2. In addition, Eurostat
derived 31,104 transition probabilities covering 27 countries based on
sub-samples of the European Union Labour Force Surveys using Model 2,
and it shared these transition probabilities with WHO and ILO. For
populations defined by country, sex, and age group for whom proba-
bility; could not be calculated because the required longitudinal data
were unavailable, probability; was imputed. The imputed probability;
was the mean of all transition probabilities of the population defined by
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the same sex and age in the region, weighted by the number of obser-
vations contributing to the transition probabilities.

2.3.3. Model 3: Microsimulation model to estimate exposed population over
a time window

For each population defined by country, sex, and age group, we
estimated the proportion (proportion;) of the population in each working
hours category (k) over the time window of exposure. We defined k as
the highest working hours category i in any year in the time window.
Our modelling assumptions and the evidence supporting these are pre-
sented in Table 3. The approach assumed a 10-year latency between
exposure and occurrence of clinical disease, and it adopted a 10-year
exposure time window (centred on exposure year) to identify the
highest exposure category to assign to the relevant exposure year (Fig.
S2; Supplementary data 1). For example, to estimate the burden in 2016,
the relevant exposure year is 2006; we assume the exposure for a person
is the highest exposure category to which this person belonged during
the time window of exposure, 2001-2010. In effect, this considers
occupational turnover, with someone exposed at any time during the 10-
year window considered at-risk for 2006.

We used microsimulation, a method for generating micro-level es-
timates by combining individual- and aggregate-level datasets. For each
country, we initiated a synthetic population, using Input Data 3 to
ensure a representative sex and age distribution at the first year of the
time window (i.e. estimation year minus 15 years), and estimates
outputted from Model 1 to probabilistically assign each individual to a
working hours category (i) at the first year. Using transition probabilities
outputted in Model 2, for each year over the entire time window, tran-
sitions from one working hours category to another were stochastically
modelled to estimate each synthetic individual’s working hours cate-
gory in each year. Using Input Data 4, at each year step from the first
year of the time window to the estimation year, each individual is sto-
chastically assigned to the states of “died” or “alive”. All synthetic in-
dividuals that reach the state “died” before the estimation year are
censored. Other possible exits from the population, such as outmigration
from the country, were not considered. Using this microsimulation
method, proportion,, is derived using the following model (Model 3):

B
proportion;, = M
n

where the summation runs through individuals “alive” in the estimation
year; & is the Kronecker delta function; S; is the sequence of the 1t in-
dividual of all working hours categories (i) in each year in the time
window; and max denotes that the highest i that the 1™ individual ex-
periences in the sequence is assigned.

2.3.4. Model 4: Burden of disease estimation model

The Comparative Risk Assessment framework (Murray et al., 2004) is
used to estimate the burden of disease attributable to exposure to long
working hours. We estimate the proportional reduction in death or
disease that would occur if exposure was reduced to a level with a
minimum risk (i.e. working 35-40 hours/week), while other conditions
remain unchanged. The population distribution of exposure to the risk
factor is combined with the increased risk of acquiring the disease or
dying fromit that was attributable to exposure to the risk factor.

Using estimates outputted from Model 3 and Input Data 5, we
calculated the population-attributable fraction (PAF), the proportion of
the health loss seen in a given population that can be attributed to
exposure to the specific occupational risk factor, using Model 4:

v Pe(RR, — 1)

PAF = =l KRk )
T PRR, — 1)+ 1

where Py is the proportion of the population in a working hours category


https://unstats.un.org/sdgs/metadata/files/Metadata-03%e2%80%9309-01.pdf
https://unstats.un.org/sdgs/metadata/files/Metadata-03%e2%80%9309-01.pdf

Table 3
Modelling assumptions and their evidence bases.

Variable Assumption in main analysis

(sensitivity analyses)

Explanation

Example for burden of disease
estimates for the year 2016

Evidence base

1

Lag time (a) Assumed 10 years (assumed 8

and 12 years)

Time window of
exposure (b)

Assumed 10 years (assumed 8
and 12 years)

Spacing of time
window (b) around
lag year (year.,)

Spaced the time window
symmetrically around the lag
year (no sensitivity analysis)

Assignment of
exposure category
(or level)

Assigned the highest exposure
category in any year over the
time window of exposure
(assigned the most common
exposure category)

Assignment of effect
estimate

Assigned the “best” effect
estimate

For an outcome event in year,, the
exposure is assumed to have
occurred in the lag year (yeary.,)

Rather than occurring in year,.,
only, exposure occurs in any year
during a “critical” time window of
the length b, and exposure within
any year in this time window can
still cause the disease outcome in
year;

The time window of the exposure
is equally spaced around the “lag
year” of the average lag period
(year.,), so that the time window
of the exposure is defined as
between year.,.b/2 and yeary, /2

For each worker, the highest
exposure category they had in any
year over the time window is
assigned as their exposure
category over the window

For estimating numbers of deaths
and DALYs and for all cohorts
defined by country, sex, and age
group, we assigned the same
“best” effect estimate (no
sensitivity analysis)

Burden of disease in 2016 is
attributable to exposure 10 years
earlier, with the lag year being
2006

To estimate burden of disease in
2016, we model exposure over a
10-year time window

To estimate burden of disease in
2016, we model exposure over the
time window of 2001-2010

Over the years 2001-2010,
Worker A was exposed to working
>55 hours/week in 2001 and
2002, and to 49-54 hours/week in
2003-2011, and therefore we
assign Worker A the exposure
category of >55 hours/week

To estimate burden of disease, in
2016 for each cohort defined by
country, sex, and age group, we
used the pooled effect estimate

From a theoretical viewpoint, lag time would vary, depending on the mechanism via which long working
hours are associated with ischemic heart disease and stroke. The mechanism could be:

e Direct — exposure to long working hours has a direct effect on pathophysiology;

o Indirect — exposure to long working hours impacts risk factors for ischemic heart disease and/or stroke;
Trigger — exposure to long working hours trigger events which lead to ischemic heart disease and/or
stroke events; and/or

Prognostic factor — exposure to long working hours affects prognosis of coronary heart disease or
cerebrovascular disease (Kivimaki and Steptoe, 2018; Steptoe and Kivimaki, 2012).
Depending on which of the four mechanisms is the dominant one, the lag time would vary. If direct and
indirect effects are the dominant mechanisms, then the lag time could be less than 10 years, whereas if the
exposure acts as a trigger or a prognostic factor, 10 years would be too long. However, if all four
mechanisms contribute to risk of cardiovascular disease, an average lag of 10 years is an appropriate
assumption.
Additionally, there are previous examples of the use of lag times of around 10 years:
e The studies included in the WHO/ILO systematic reviews and meta-analyses on ischemic heart disease
and stroke on average assumed a lag or follow-up time of 10 years (Descatha et al., 2020; Li et al., 2020a).
e Mean follow-up times in previous large systematic reviews and individual studies were around 9 and 8
years for ischemic heart disease and stroke, respectively (Hannerz et al., 2018; Kivimaki et al., 2015).
e Other studies have suggested an incubation period of at least 10 years for coronary heart disease (Rose,
1982).
According to evidence from the CONSTANCES Cohort Study in France, 10 years after exposure to long
working hours increased odds ratios of ischemic heart disease and stroke were found, but not before this (
Fadel et al., 2020; Fadel et al., 2019).
As mentioned for assumption 1, the four potential mechanisms (Kivimaki and Steptoe, 2018; Steptoe and
Kivimaki, 2012) are likely to have different lag times. A time window of exposure around the lag year
accounts for some of this variability. Previous occupational burden of disease studies have also estimated
exposure over a time window
(Dalboge et al., 2018; Rushton et al., 2012). Evidence suggests that exposure (sometimes measured
cumulatively) to long working hours during this 10-year time window contributes to a significant increase
in cardiovascular disease incidence (Fadel et al., 2020; Fadel et al., 2019; Rose, 1982).
As mentioned for assumption 1, there are four potential mechanisms (Kiviméki and Steptoe, 2018; Steptoe
and Kivimaki, 2012). With the exception of the trigger mechanism, symmetrical spacing of the time window
around the lag year is a reasonable assumption. If all four mechanisms are at play, symmetrical spacing is
the most appropriate model. This is also common practice in studies estimating burden of disease
attributable to exposure to occupational risk factors; for example, a report on the burden of occupational
cancer in the United Kingdom of Great Britain and Northern Ireland estimated the “peak latency” period for
their outcomes of interest and spaced the time window of exposure symmetrically around this point
(Rushton et al., 2012).
For diseases with long latency periods, which is possible for cardiovascular disorders, once the disease
process has started, the worker continues to be at risk, even if exposure levels are reduced. The assignment
of the highest level of exposure observed over the time window is in line with assumptions made by other
studies focusing on the effect of long working hours and ischemic heart disease and stroke
(Fadel et al., 2020; Fadel et al., 2019; Gardner et al., 1993; Hannerz et al., 2018; Kivimaki et al., 2015;
Meyers et al., 2013).

There is no evidence for effect modification by country (or WHO region), sex or age group in the subgroup
analyses in the WHO/ILO systematic reviews (Descatha et al., 2020, Li et al., 2020a). Therefore, we assigned
the pooled effect estimate from the main analysis.This is the same approach used in previous WHO burden
of disease studies

(Murray et al., 2004). We systematically selected the “best” effect estimate, based on our pre-specified
criteria (see Section 2.2). This is based on prioritizing mortality over morbidity and relatively higher
strength of evidence over lower strength of evidence (Section 2.2 and Table 1).
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Table 4
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Proportion of population exposed to long working hours (>55 hours/week), 2000, 2010, and 2016, and mean percentage change for 2000-2010, 2010-2016, and

2000-2016, by sex, 194 countries.

Exposed (%) (UR)

Percent change (UR)

2000 2010 2016 2000-2010 2010-2016 2000-2016
Both sexes 8.1(7.8-8.4) 8.3 (8.1-8.6) 8.9 (8.6-9.1) 3.0 (-1.2-7.7) 6.0 (1.8-10.5) 9.3 (4.3-14.6)
Males 11.8 (11.3-12.3) 12.3 (12.0-12.7) 13.2 (12.7-13.7) 4.4 (-0.7-9.7) 7.2 (2.1-12.4) 11.8 (5.9-18.1)
Females 4.4 (4.1-4.7) 4.4 (4.1-4.6) 4.5 (4.2-4.8) —0.8 (—9.2-8.6) 2.8 (-5.5-11.5) 1.9 (-7.0-12.0)

Footnote: UR = 95% uncertainty range.

k; RRy is the relative risk for the working hours category k; and n is the
total number of long working hours categories. Applying this fraction to
the total disease burden (Input Data 6), gives the population attributable
disease burden. To be specific, for each cause and risk factor category,
the PAF was calculated for each cohort defined by country, sex, and age
group; this was then applied to the total disease burden envelope for the
cause also by country, sex, and age cohort to get the respective burden
for this specific cohort. As there is no evidence to suggest that the
relative risk for mortality and morbidity is different, we assume the PAFs
are the same for non-fatal and fatal health events, and apply the same
individual cohort-level PAFs to generate numbers of deaths and DALYs
(Ezzati et al., 2004); however, once individual cohorts are combined (e.
g., to give regional, global, all ages or both sexes), resulting PAFs for
deaths and DALYs will differ due to the different envelopes.

2.4. Uncertainty ranges

When calculating burden of disease, several sources of uncer-
tainty may exist, including selection bias, confounding, and statis-
tical error. Consistent with previous global health estimates (Bonjour
et al., 2013; de Onis et al., 2004; Wolf et al., 2013; Wolf et al., 2019),
for all estimates (i.e., exposure, PAF, death, and DALYs), we used
bootstrapping to derive uncertainty (or prediction) ranges at the
2.5th and 97.5th percentiles of the resulting random deviates (Efron,
1979). Uncertainty in input parameters was propagated across all
four models. The relative risks were log normally distributed (Des-
catha et al., 2020; Li et al., 2020a) and modelled using this distri-
bution; all other input parameters were assumed to be normally
distributed and modelled accordingly. Uncertainty ranges of esti-
mates for combined cohorts (e.g., regional, global, all age groups,
and both sexes) were produced using the method described in de Onis
et al. (2004), as done in previous official estimations (Bonjour et al.,
2013; Wolf et al., 2013; Wolf et al., 2019). For each estimate, we
report the point estimate and its 95% uncertainty range (UR).

2.5. Sensitivity analyses

To test the assumptions made for year 2016 (i.e., lag time of 10 years;
time window of 10 years from 2001 to 2010; and assignment of the
highest exposure category over the time window), we conducted the
following sensitivity analyses:

e Reduced the lag time to 8 years (2003-2012);

e Increased the lag time to 12 years (1999-2008);

e Reduced the time window for the exposure to 8 years (2002-2009);

e Increased the time window to 12 years (2000-2011); and

o Assigned the long working hours category with the largest number of
years in the time window (censoring years spent in labour market
inactivity).

3. Results

Global health estimates for 2016 are summarized in this article. Esti-
mates for 2000 and 2010 are found in Tables 4 and 5, regional estimates
are displayed in Tables S6-S10 in Supplementary data 1, and country es-
timates are available on www.who.int/teams/environment-climate-chan
ge-and-health/monitoring/who-ilo-joint-estimates/ and http://www.ilo.
org/global/topics/safety-and-health-at-work/. Here, regional estimates
are reported for the six WHO regions (Africa, Americas, Eastern Mediter-
ranean, Europe, South-East Asia, and Western Pacific); however, with es-
timates for each country available, estimates could be based on any
regional clustering, including the five ILO regions (Africa, Americas, Arab
States, Asia and the Pacific, and Europe and Central Asia).

3.1. Estimates of population exposed to long working hours (>55 hours/
week)

Globally in 2016, 488 million people (UR 472-503), or 8.9% of the
population (UR 8.6-9.1), worked >55 hours/week (Table 4). A full set of
estimates can be found elsewhere (www.who.int/groups/who-ilo-joint-
estimates and http://www.ilo.org/global/topics/safety-and-health-at-w
ork/). Males and adults of early middle-age were more commonly
exposed (Fig. 2). Between 2000 and 2016, the global prevalence of this
exposure category increased by 9.3% (UR 4.3-14.6) (Table 4).

In 2016, regional exposure prevalence was largest for South-East
Asia (11.7%, UR 10.8-12.5), and lowest in Europe (3.5%, UR 3.5-3.6)
(Table S6; Supplementary data 1). Over the 2000-2016 period, the
Western Pacific had the largest regional increase; prevalence decreased
most in Africa. A map of the proportion of population exposed by
country is shown in Fig. 3.

3.2. Burden of disease attributable to exposure to long working hours
(>55 hours/week)

In total, an estimated 745,194 deaths (UR 705,786-784,601) and
23.3 million DALYs (UR 22.2-24.4) from ischemic heart disease and
stroke combined were attributable to long working hours exposure
globally in 2016. This was roughly equal between the two causes, with
ischemic heart disease and stroke accounting for 46.5% and 53.5% of
estimated deaths, respectively. Figs. 4 and 5 present maps of the rates of
deaths and DALYs from ischemic heart disease and stroke that are
attributable to exposure to long working hours by country.

3.2.1. Burden of ischemic heart disease attributable to exposure to long
working hours (> 55 hours/week)

3.2.1.1. Deaths. Globally in 2016, an estimated total of 9,401,800
ischemic heart disease deaths occurred. Of these, 346,753 (UR
319,658-373,848) were attributable to exposure to long working
hours (Table 5). Thus, the PAF is 3.7% (UR 3.4-4.0). Males carried a
larger burden, and numbers and rates of deaths increased with age up


http://www.who.int/teams/environment-climate-change-and-health/monitoring/who-ilo-joint-estimates/
http://www.who.int/teams/environment-climate-change-and-health/monitoring/who-ilo-joint-estimates/
http://www.ilo.org/global/topics/safety-and-health-at-work/
http://www.ilo.org/global/topics/safety-and-health-at-work/
http://www.who.int/groups/who-ilo-joint-estimates
http://www.who.int/groups/who-ilo-joint-estimates
http://www.ilo.org/global/topics/safety-and-health-at-work/
http://www.ilo.org/global/topics/safety-and-health-at-work/

Table 5

Number of deaths and DALYs (in ‘000s) from ischemic heart disease and stroke, attributable to exposure to long working hours, 2000, 2010, and 2016, and mean percentage change for 2000-2010, 2010-2016, and

2000-2016, by sex, 183 countries.

Outcome Both sexes Males
Number (UR) Percent change (UR) Number (UR)
2000 2010 2016 2000-2010 2010-2016 2000-2016 2000 2010
Ischemic heart disease” Deaths 244,983 304,344 346,753 24.2 13.9 41.5 186,791 229,520
(229,742-260,225) (282,840-325,849) (319,658-373,848) (12.8-36.5) (2.4-26.6) (27.9-56.5) (172,463-201,119) (209,383-249,657)
DALYs (in ‘000) 7548 9368 10,655 24.1 13.7 41.2 5828 7146
(7108-7988) (8740-9997) (9874-11,437) (13.3-35.8) (2.9-25.5) (28.5-54.6) (5413-6243) (6555-7736)
Stroke” Deaths 334,855 366,685 398,441 9.5 8.7 19.0 229,596 252,523
(312,689-357,020) (342,692-390,679) (369,826-427,056) (-0.2-20.1) (-1.3-19.7) (7.8-31.1) (210,080-249,111) (231,472-273,574)
DALYSs (in ‘000) 10,353 11,471 12,603 10.8 9.9 21.7 7050 7825
(9759-10,947) (10,814-12,128) (11,817-13,390) (2.2-20.2) (0.7-19.8) (11.8-32.4) (6533-7567) (7257-8393)

Footnotes: No estimates were produced for Andorra, Cook Islands, Dominica, Marshall Islands, Monaco, Nauru, Niue, Palau, Saint Kitts and Nevis, San Marino, and Tuvalu, because the envelopes for the burdens of

ischemic heart disease and stroke were unavailable for these countries (World Health Organization 2018b).
2 The effects of working >55 hours/week, compared with standard working hours of 35-40 hours/week, were modelled. UR = 95% uncertainty range.

(continued on next page)

Males Females

Number (UR) Percent change (UR) Number (UR) Percent change (UR)

2016 2000-2010 2010-2016 2000-2016 2000 2010 2016 2000-2010 2010-2016 2000-2016
262,754 229 14.5 40.7 58,192 74,825 83,999 28.6 12.3 44.4
(237,265-288,242) (9.3-38.0) (0.2-30.6) (24.3-59.2) (52,995-63,389) (67,277-82,372) (74,808-93,190) (12.4-46.9) (—3.4-30.3) (25.1-66.0)
8156 22.6 14.1 40.0 1720 2223 2499 29.2 12.4 45.3
(7418-8894) (9.5-37.0) (0.5-29.2) (24.3-56.8) (1572-1868) (2006-2439) (2242-2756) (13.5-47.3) (—2.5-29.6) (26.6-66.4)
276,098 10.0 9.3 20.3 105,259 114,163 122,343 8.5 7.2 16.2
(250,773-301,422) (—2.5-23.9) (—3.4-23.8) (5.8-36.3) (94,749-115,769) (102,651-125,674) (109,021-135,665) (—6.0-25.3) (—7.6-24.0) (0.3-35.1)
8629 11.0 10.3 22.4 3303 3646 3974 10.4 9.0 20.3
(7944-9314) (0.1-23.3) (—0.8-22.3) (9.7-36.3) (3012-3595) (3316-3976) (3588-4360) (—2.7-25.5) (—4.5-24.4) (5.4-37.3)
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Fig. 2. Number of exposed population and proportion of population exposed to long working hours (>55 hours/week), by sex and age group, 2016, 194 countries.
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Fig. 3. Proportion (%) of population exposed to long working hours (>55 hours/week), 2016, 194 countries.
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Table 6

Environment International 154 (2021) 106595

Population-attributable fraction (PAF) for deaths and DALYs from ischemic heart disease and stroke, attributable to exposure to long working hours (>55 hours/week),

2000, 2010, and 2016, by sex, 183 countries.

Outcome Both sexes Males
PAF (UR) Percent change (UR) PAF (UR)
2000 2010 2016 2000-2010 2010-2016 2000-2016 2000 2010 2016
Ischemic heart Deaths 3.5(3.3-3.7) 3.6 (3.4-3.9) 3.7 (3.4-4.0) 3.2 (-6.5-13.7) 2.1 (-8.6-13.6) 5.4 (-5.0-16.7) 5.2 (4.8-5.6) 5.3 (4.8-5.8) 5.3 (4.8-5.9)
disease® DALYs 4.8 (4.5-5.1) 5.1 (4.7-5.4) 5.3 (4.9-5.6) 5.3 (—3.6-15.0) 3.5(—6.2-14.2) 9.0 (—0.9-19.5) 6.4 (5.9-6.9) 6.7 (6.1-7.2) 6.8 (6.2-7.5)
Stroke” Deaths 6.5 (6.1-7.0) 6.8 (6.3-7.3) 6.9 (6.4-7.5) 3.8 (—6.4-14.8) 2.2(-8.0-13.7) 6.1 (—4.9-18.0) 9.5 (8.6-10.4) 9.6 (8.7-10.5) 9.6 (8.6-10.6)
DALYs 8.6 (8.1-9.1) 9.0 (8.5-9.5) 9.3 (8.7-9.9) 4.5(-3.7-13.5) 2.8 (-5.5-11.8) 7.4 (-1.3-17.1) 11.6 (10.7-12.4) 11.8 (10.9-12.7) 12.0 (11.1-13.0)

Footnotes: No estimates were produced for Andorra, Cook Islands, Dominica, Marshall Islands, Monaco, Nauru, Niue, Palau, Saint Kitts and Nevis, San Marino, and
Tuvalu, because the envelopes for the burdens of ischemic heart disease and stroke were unavailable for these countries (World Health Organization, 2018b).
 The effects of working >55 hours/week, compared with standard working hours of 35-40 hours/week, were modelled. UR = 95% uncertainty range.

(continued on next page)

Males Females

Percent change (UR) PAF (UR) Percent change (UR)

2000-2010 2010-2016 2000-2016 2000 2010 2016 2000-2010 2010-2016 2000-2016

1.1 (-10.7-14.2) 1.1 (-11.9-15.8) 2.2 (-10.0-15.9) 1.7 (1.6-1.9) 1.8 (1.7-2.0) 1.9 (1.7-2.1) 7.9 (—6.4-24.2) 2.3 (-12.4-19.2) 10.4 (—4.6-27.0)
4.1 (-6.7-16.2) 2.7 (-9.2-16.1) 6.9 (—4.9-19.5) 2.6 (2.4-2.9) 2.9 (2.6.-3.2) 3.0 (2.7-3.3) 9.6 (—3.7-24.9) 3.8 (-10.2-19.8) 13.8 (—0.8-29.8)
0.9 (-11.5-15.1) 0.5 (-12.7-15.7) 1.4 (-11.8-16.1) 3.9 (3.5-4.3) 4.1 (3.7-4.6) 4.3 (3.8-4.8) 6.0 (—8.7-23.2) 3.0 (—12.3-20.4) 9.2 (—6.9-28.0)
2.4 (-7.7-13.6) 1.6 (—8.8-13.0) 4.1 (—6.7-15.5) 5.6 (5.1-6.1) 6.0 (5.4.-6.5) 6.2 (5.6-6.8) 6.5 (—6.4-20.5) 3.8 (-9.2-18.9) 10.5 (—3.2-25.8)

to 70 years (Fig. 6). Between 2000 and 2016, the numbers of ischemic
heart disease deaths attributable to exposure to long working hours
increased substantially by 41.5% (UR 27.9-56.5) (Table 5). The PAF
was 3.5% (UR 3.3-3.7), 3.6% (UR 3.4-3.9), and 3.7% (UR 3.4-4.0), in
2000, 2010, and 2016, respectively. The upward trend in number of
these attributable ischemic heart disease deaths was therefore driven
by the increase in the total disease burden envelope, rather than an
increase in the exposure.

Of all WHO regions in 2016, South-East Asia had the largest number of
ischemic heart disease deaths attributable to exposure to long working
hours (159,832 deaths, UR 135,442-184,242; Table S8 in Supplementary
data file 1). Africa had the lowest (16,942 deaths, UR 15,878-18,005).

3.2.1.2. DALYs. Globally in 2016, of the 202.8 million DALYs lost from
ischemic heart disease in total, 10.7 million DALYs (UR 9.9-11.4) were
attributable to exposure to long working hours (Table 5). Between 2000
and 2016, attributable DALYs increased by 41.2% (UR 28.5-54.6). In
2000, 2010, and 2016, the PAF was 4.8 (UR 4.5-5.1), 5.1 (UR 4.7-5.4),
and 5.3 (UR 4.9-5.6), respectively (Table 6).

3.2.2. Burden of stroke attributable to exposure to long working hours
(>55 hours/week)

3.2.2.1. Deaths. Globally, stroke caused an estimated 5,747,289 deaths
in 2016. Of these, 398,441 (UR 369,826-427,056) were attributable to
exposure to long working hours (Table 5). Thus, the PAF was 6.9% (UR
6.4-7.5). Both in absolute and relative terms, males and older age
groups (60-74 years) carried a larger burden (Fig. 6). Over 2000-2016,
the total number of stroke deaths attributable to exposure to long
working hours increased by 19.0% (UR 7.8-31.1) (Table 5). The PAF
was 6.5% (UR 6.1-7.0), 6.8% (UR 6.3-7.3), and 6.9% (UR 6.4-7.5), in
2000, 2010, and 2016, respectively (Table 6). The upward trend in
number of attributable stroke deaths was therefore also primarily driven
by the increase in the total disease burden envelope.

The largest number of deaths regionally was estimated for South-East
Asia (158,987 deaths, UR 141,968-176,006; Table S10 in Supplemen-
tary file 1). The lowest number was for the Americas (18,285 deaths, UR

10

17,162-19,409).

3.2.2.2. DALYs. Globally in 2016, of the 135.9 million DALYs lost from
stroke, 12.6 million (UR 11.8-13.4) were attributable to exposure to
long working hours (Table 5), up by 21.7% from 2000 (UR 11.8-32.4).
In 2000, 2010, and 2016, the PAF was 8.6 (UR 8.1-9.1), 9.0 (UR
8.5-9.5), and 9.3% (UR 8.7-9.9), respectively (Table 6).

3.3. Sensitivity analyses

Results from sensitivity analyses showed that despite some variation
in estimates, number of deaths and DALYs remained appreciable when
the assumed lag time was reduced to 8 years and increased to 12 years
and when the time window was reduced to 8 years and increased to 12
years (Table S11; Supplementary file 1). Assigning the most common
exposure category, rather than the highest one, however, reduced the
deaths and DALYs substantially.

4. Discussion

This article presented WHO/ILO Joint Estimates of exposure to long
working hours and the attributable burdens of ischemic heart disease
and stroke. In summary, in 2016, 8.9% of the global population were
exposed to working >55 hours/week. An estimated 745,194 deaths and
23.3 million DALYs from ischemic heart disease and stroke combined
were attributable to this occupational risk factor. Of all deaths from
ischemic heart disease and stroke in 2016, 3.7% and 6.9% were attrib-
utable to exposure to working long hours; as were 5.3% and 9.3% of all
DALYs from ischemic heart disease and stroke. The disease burdens were
disproportionately higher in the South-East Asian and Western Pacific
regions, men, and people of middle to older working age. Between the
years 2000 and 2016, the exposed population increased by 9.3%, and
the attributable burdens of deaths from ischemic heart disease and
stroke increased by 41.5% and 19.0%, respectively.
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4.1. Comparison with previous findings and interpretations

The distribution in the population and trends over time in the WHO/
ILO Joint Estimates of exposure to long working hours are consistent
with recent ILO analyses of population distributions and time trends
observed in official survey data on working time (Messenger, 2018). To
our knowledge, there are no prior estimates of burden of disease
attributable to exposure to long working hours that we could compare
these first WHO/ILO Joint Estimates against.

These WHO/ILO Joint Estimates demonstrate that the disease burden
attributable to exposure to long working hours is the largest of any
occupational risk factor calculated to date, compared with those attrib-
utable to other occupational risk factors included in global Comparative
Risk Assessments (GBD 2016 Occupational Risk Factor Collaborators,
2019; World Health Organization, 2016).

The population prevalence of exposure to long working hours
increased substantially between 2010 and 2016. If this trend continues,
it is likely that the population exposed to this occupational risk factor
will expand further. Potential reasons for this include expansion of the
gig economy (Messenger, 2018), the uncertainty introduced, and new
working-time arrangements (e.g., on-call work, telework, and the plat-
form economy). Past experience has shown that working hours
increased after previous economic recessions (Bloom, 2009); such in-
creases may also be associated with the COVID-19 pandemic. Estimated
increases in exposure have been largest in South-East Asia and the
Western Pacific. Furthermore, the total envelopes of the burdens of
ischemic heart disease and stroke are also increasing rapidly. As both
exposed population and total disease burden expand, the burdens of
ischemic heart disease and stroke that can be attributed to exposure to

Deaths

Not applicable

DALYs

4
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working long hours may therefore also be expected to increase.

4.2. Strengths and limitations

WHO and ILO have produced a detailed set of estimates of the bur-
dens of ischemic heart disease and stroke attributable to exposure to
long working hours. These estimates were based on systematic reviews
and meta-analyses of evidence to date. Multiple data sources provided
large samples from all regions to calculate estimates.

However, the study has some limitations, which should be consid-
ered when interpreting the findings. First, the systematic reviews and
meta-analyses estimated relatively small increases in risk, even where
statistical significance is reached. Evidence comes from observational
studies, for which residual confounding cannot be ruled out, and we
cannot be certain that a causal association exists; however most of the
high-quality evidence came from prospective cohort studies which took
steps to reduce confounding and will be more representative of popu-
lation risk. Taking this into consideration, the Working Group of indi-
vidual experts rated the evidence as of “moderate quality” and as
“sufficient evidence for harmfulness” (Descatha et al., 2020; Li et al.,
2020a) for the exposure category >55 hours/week for both ischemic
heart disease and stroke. Other researchers have disagreed with the
rating of the Working Group that there is “sufficient evidence for
harmfulness” of long working hours with regard to ischemic heart dis-
ease (Kivimaki et al., 2020). The Working Group has acknowledged this
disagreement and has elaborated why the assigned rating is supported
by the evidence (Li et al., 2020b).

Second, it has been argued that, at least with regard to ischemic heart
disease, not only length of working hours, but also the quality of the

Fig. 4. Rate of deaths (per 100,000 of pop-
ulation) and DALYs (per 100,000 of popula-
tion) from ischemic health disease
attributable to exposure to long working
hours (>55 hours/week), 2016, 183 coun-
tries. Footnote: No estimates were produced
for Andorra, Cook Islands, Dominica,
Marshall Islands, Monaco, Nauru, Niue,
Palau, Saint Kitts and Nevis, San Marino, and
Tuvalu, because the envelopes for the bur-
dens of ischemic heart disease were unavai-
lable for these countries (World Health
Organization, 2018b).
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Fig. 5. Rate of deaths (per 100,000 of population) and DALYs (per 100,000 of population) from stroke attributable to exposure to long working hours (>55 hours/
week), 2016, 183 countries. Footnote: No estimates were produced for Andorra, Cook Islands, Dominica, Marshall Islands, Monaco, Nauru, Niue, Palau, Saint Kitts
and Nevis, San Marino, and Tuvalu, because the envelopes for the burdens of stroke were unavailable for these countries (World Health Organization, 2018b).

work in which persons spend their hours, may be of importance
(Kivimaki et al., 2020). Although Kivimaki et al. (2020) presented data
and the Working Group of individual experts conducted analyses strat-
ified by SES that suggested a trend for stronger associations between
exposure to long working hours and risk of ischemic heart disease
among individuals of lower SES (Li et al., 2020a), these were limited to
studies from high-income countries and one region only (Europe). The
Working Group deemed the evidence for a possible effect modification
of SES in the association between long working hours and ischemic heart
disease as inconclusive for a global study (Li et al., 2020a; Li et al.,
2020b). Currently, evidence does not support producing such global
health estimates disaggregated by SES; however more research is needed
in additional and more diverse countries and regions on the roles of SES
and work quality for the association of long working hours with health
outcomes.

Third, quality of data on both long working hours and burdens of
ischemic heart disease and stroke will vary by source. Most data regarding
long working hours were obtained from national statistics offices with
established, official data collection protocols (e.g., statistical standards),
but variation can still be expected. All surveys used self-reported data on
working hours. Several studies showed both reliability and validity of self-
reported hours, compared with administrative records (Imai et al., 2016;
Saunders et al., 2005; Todd et al., 2010); however, this may vary. This
could lead to under- or over-estimations of the burden, depending on the
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direction of the error.

Fourth, several assumptions were made during modelling. While they
were based on current knowledge and transparently described in detail
(Table 3), these may need review as more evidence becomes available. In
addition, as noted above, we provide policy makers with alternative sce-
narios through sensitivity analyses. While changes to the assumed lag time
and time window, in the sensitivity analyses, resulted in some variation
from the main results, a relatively large reduction in attributable deaths
and DALYs were seen when the most common exposure category was
used, rather than the highest. As described in Table 3, the highest expo-
sure category was used as risks from exposures can remain, even when
exposure levels are reduced, for diseases with long latency periods.
However, this may have resulted in overestimation of health loss attrib-
utable to exposure to long working hours. Assignment of the highest
exposure category (as in our main analysis) is the standard practice in
burden of disease estimation studies; however, by providing additional
information for policy making, sensitivity analyses of estimates with the
most common exposure category assigned, we show that if this exposure
assignment was to be found to be evidence-based, then this would be the
estimated disease burden, adding further transparency through adding
another scenario.

Fifth, there are additional factors likely to affect both working hours
and disease burdens, which were not considered in these analyses (e.g.,
shift work), but could be considered in future cycles of the WHO/ILO
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Fig. 6. Number of deaths and rate of death (per 100,000 of population) for ischemic heart disease and stroke attributable to exposure to long working hours (>55

hours/week), by age group, 2016, 183 countries.

Joint Estimates (Li et al., 2020b). Seasonal variations could be a factor
for some occupations (e.g., agricultural workers). For some countries
longitudinal survey data were available, for which quarterly surveys
took data from an individual over multiple time points. When these data
were available, we took an average of the data which should mitigate
some of the seasonal differences; however, the majority of the data used
in the assessment of long working hours exposure were cross-sectional,
so this is a limitation. There are also several potential mediators (Fig. 1),
which are challenging to address (Descatha et al., 2020; Li et al., 2020a).
Sixth, there may be competing risks; for example, people exposed to long
working hours may die of other causes or migrate before reaching the
typical ages when cardiovascular disease events occur.

5. Conclusions

WHO and ILO estimate that exposure to long working hours (>55
hours/week) is a prevalent occupational risk factor, attributable for a
large number of deaths and DALYs due to ischemic heart disease and
stroke. In the global Comparative Risk Assessment, it is currently the
occupational risk factor with the largest attributable disease burden.
These first WHO/ILO Joint Estimates of the Work-related Burden of Dis-
ease and Injury provide the basis for actions to prevent exposure to haz-
ardous long working hours and thereby reduce the attributable burden of
ischemic heart disease and stroke, at the global, regional, and national
levels, across the health and labour sectors. This includes implementation
of the international labour standards on working time, such as setting
standards on working time limits (International Labour Organization,
2019a, b). Legislation, regulations, policies, programmes, and in-
terventions on working time arrangements must ensure that the setting,
monitoring, and enforcement of hours of work and the number of addi-
tional hours performed by workers occur within a framework that does
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not harm human health (Landsbergis, 2018; Messenger, 2018).
Disclaimers

The authors alone are responsible for the views expressed in this
article and they do not necessarily represent the views, decisions or
policies of the institutions with which they are affiliated. The views
expressed herein can in no way be taken to reflect the official opinion of
the European Union.

The designations employed and the presentation of the material in
this publication do not imply the expression of any opinion whatsoever
on the part of WHO concerning the legal status of any country, territory,
city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. Dotted and dashed lines on maps represent
approximate border lines for which there may not yet be full agreement.

Terminology used to refer to countries, territories, and areas as well
as representation of countries, territories, and areas, including delimi-
tation of frontiers or boundaries, and any direct or indirect attribution of
status in this publication follow exclusively the institutional style and
practice of WHO. All reasonable precautions have been taken by WHO to
verify the information contained in this publication.

However, the published material is being distributed without war-
ranty of any kind, either expressed or implied. The responsibility for the
interpretation and use of the material lies with the reader. In no event
shall WHO be liable for damages arising from its use.

Funding
This study was prepared with financial support to WHO from: the

National Institute for Occupational Safety and Health of the Centres for
Disease Control and Prevention of the United States of America (Grant



F. Pega et al.

1E110H0010676-02; Grant 6NE110H010461-02-01; and Grant
5NE110H010461-03-00); the German Federal Ministry of Health (BMG
Germany) under the BMG-WHO Collaboration Programme 2020-2023
(WHO specified award ref. 70672); and the Spanish Agency for Inter-
national Cooperation (AECID) (WHO specified award ref. 71208). ILO
acknowledges financial support from the Vision Zero Fund (VZF) project
on filling data and knowledge gaps on occupational safety and health in
global supply chains funded by the European Union, which is imple-
mented within the framework of the ILO Flagship Programme Safety +
Health for All. The funders had no role in study design, data collection,
and analysis, decision to publish, or preparation of the manuscript

CRediT authorship contribution statement

Frank Pega: Conceptualization, Data curation, Methodology,
Formal analysis, Visualization, Writing - original draft, Supervision,
Writing - review & editing. Balint Nafradi: Data curation, Methodology,
Formal analysis, Visualization, Writing - review & editing. Natalie C.
Momen: Visualization, Writing - review & editing. Yuka Ujita: Writing -
review & editing. Kai N. Streicher: Formal analysis, Visualization,
Writing - review & editing. Annette M. Priiss-Ustiin: Methodology,
Formal analysis, Supervision, Writing - review & editing. Technical
Advisory Group: Methodology, Writing - review & editing.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Professor Alexis Descatha reports personal fees from University of An-
gers, personal fees from the Angers University Hospital Center, personal
fees from Elsevier, and grants from Regional found (Pays de la Loire/
Angers Loire Metropole), outside the submitted work.

Acknowledgements

Countries provided feedback on the estimates through WHO’s
consultation of its 194 Member States. Social partners were consulted on
the estimates by the ILO. Professor Jose L Ayuso-Mateos (Autonomous
University of Madrid, Madrid, Spain), Dr Maria Cabello (Centro de
Investigacion Biomedica en Red, Madrid, Spain), Dr Bochen Cao (WHO),
Professor Els Clays (Department of Public Health, Ghent University,
Ghent, Belgium), Dr Diana Fernandez Estevez (WHO), Dr Junling Gao
(Fudan University, Shanghai, China), Professor Sergio Iavicoli (Inail,
Rome, Italy), Dr Ana Luiza C Martimbianco (Cochrane Brazil, Sao Paulo,
SP, Brazil), Professor Hynek Pikhart (University College London, Lon-
don, UK), Professor Rachel Riera (Universidade Federal de Sao Paulo,
Sao Paulo, SP, Brazil), Dr Grace Sembajwe (City University of New York,
New York, NY, United States of America), Professor Sakari Suominen
(University of Turku, Turku, Finland), Dr Cherian Varghese (WHO) and
Professor JianLi Wang (University of Ottawa, Ottawa, ON, Canada)
provided feedback on an earlier version of the manuscript. The National
Institute of Occupational Health and Poison Control, Chinese Center for
Disease Control and Prevention shared survey data on exposure to long
working hours for the People’s Republic of China. Marion McFeedy
contributed to initial database development. Francesco Mitis (WHO) and
Kathleen Krupinski (WHO) developed and drew the maps. Dr Jennyfer
Wolf (WHO) provided feedback on the methodology. Dr Ivan D Ivanov
(WHO), Franklin Muchiri (ILO), Dr Maria P Neira (WHO), Vera L Isaac
Paquete-Perdigao (ILO), and Joaquim P Pintado Nunes (ILO) contrib-
uted to the WHO/ILO Joint Estimates of the Work-related Burden of
Disease and Injury.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.envint.2021.106595.

14

Environment International 154 (2021) 106595

References

1st International Labour Conference, 1919. Hours of Work (Industry) Convention, 1919

(No. 1). International Labour Organization, Washington, DC.

Bloom, N., 2009. The impact of uncertainty shocks. Econometrica 77, 623-685.

Bonjour, S., Adair-Rohani, H., Wolf, J., Bruce, N.G., Mehta, S., Priiss-Ustiin, A., Lahiff, M.,
Rehfuess, E.A., Mishra, V., Smith, K.R., 2013. Solid fuel use for household cooking:
country and regional estimates for 1980-2010. Environ. Health Perspect. 121,
784-790.

Chandola, T., Heraclides, A., Kumari, M., 2010. Psychophysiological biomarkers of
workplace stressors. Neurosci. Biobehav. Rev. 35, 51-57.

Dalboge, A., Frost, P., Andersen, J.H., Svendsen, S.W., 2018. Surgery for subacromial
impingement syndrome in relation to intensities of occupational mechanical
exposures across 10-year exposure time windows. Occup. Environ. Med. 75,
176-182.

de Onis, M., Blossner, M., Borghi, E., Morris, R., Frongillo, E.A., 2004. Methodology for
estimating regional and global trends of child malnutrition. Int. J. Epidemiol. 33,
1260-1270.

Descatha, A., Sembajwe, G., Baer, M., Boccuni, F., Di Tecco, C., Duret, C., Evanoff, B.A.,
Gagliardi, D., Ivanov, L.D., Leppink, N., Marinaccio, A., Magnusson Hanson, L.L.,
Ozguler, A., Pega, F., Pell, J., Pico, F., Priiss-Ustiin, A., Ronchetti, M., Roquelaure, Y.,
Sabbath, E., Stevens, G.A., Tsutsumi, A., Ujita, Y., [avicoli, S., 2018. WHO/ILO work-
related burden of disease and injury: protocol for systematic reviews of exposure to
long working hours and of the effect of exposure to long working hours on stroke.
Environ. Int. 119, 366-378.

Descatha, A., Sembajwe, G., Pega, F., Ujita, Y., Baer, M., Boccuni, F., Di Tecco, C.,
Duret, C., Evanoff, B.A., Gagliardi, D., Godderis, L., Kang, S.K., Kim, B.J., Li, J.,
Magnusson Hanson, L.L., Marinaccio, A., Ozguler, A., Pachito, D., Pell, J., Pico, F.,
Ronchetti, M., Roquelaure, Y., Rugulies, R., Schouteden, M., Siegrist, J.,

Tsutsumi, A., Iavicoli, S., 2020. The effect of exposure to long working hours on
stroke: a systematic review and meta-analysis from the WHO/ILO Joint Estimates of
the Work-related Burden of Disease and Injury. Environ. Int. 142, 105746.

Efron, B., 1979. Bootstrap methods: another look at the jackknife. Ann. Stat. 7, 1-26.

Ezzati, M., Lopez, A.D., Rodgers, A., Vander Hoorn, S., Murray, C.J., 2002. Comparative
Risk Assessment Collaborating Group. Selected major risk factors and global and
regional burden of disease. Lancet 360, 1347-1360.

Ezzati, M., Lopez, A.D., Rogers, A., Murray, C.J.L., 2004. Comparative quantification of
health risks: global and regional burden of disease attributable to selected major risk
factors. World Health Organization, Geneva.

Fadel, M., Sembajwe, G., Gagliardi, D., Pico, F., Li, J., Ozguler, A., Siegrist, J., Evanoff, B.
A., Baer, M., Tsutsumi, A., Iavicoli, S., Leclerc, A., Roquelaure, Y., Descatha, A.,
2019. Association between reported long working hours and history of stroke in the
CONSTANCES Cohort. Stroke 50, 1879-1882.

Fadel, M., Li, J., Sembajwe, G., Gagliardi, D., Pico, F., Ozguler, A., Evanoff, B.A.,

Baer, M., Tsutsumi, A., Iavicoli, S., Leclerc, A., Roquelaure, Y., Siegrist, J.,
Descatha, A., 2020. Cumulative exposure to long working hours and occurrence of
ischemic heart disease: evidence from the CONSTANCES Cohort at inception. J Am
Heart Assoc 9, e015753.

Gardner, M.J., Pannett, B., Winter, P.D., Cruddas, A.M., 1993. A cohort study of workers
exposed to formaldehyde in the British chemical industry: an update. Br. J. Ind. Med.
50, 827-834.

GBD 2016 Occupational Risk Factor Collaborators, 2019. Global and regional burden of
disease and injury in 2016 arising from occupational exposures: a systematic analysis
for the Global Burden of Disease Study 2016. Occup. Environ. Med. 77, 133-141.

Goldstein, H., 2010. Multilevel Statistical Models, fourth ed. Wiley, Chichester, United
Kingsdom.

Hannerz, H., Albertsen, K., Burr, H., Nielsen, M.L., Garde, A.H., Larsen, A.D., Pejtersen, J.
H., 2018. Long working hours and stroke among employees in the general workforce
of Denmark. Scand J Public Health 46, 368-374.

Imai, T., Kuwahara, K., Miyamoto, T., Okazaki, H., Nishihara, A., Kabe, 1., Mizoue, T.,
Dohi, S., 2016. Japan Epidemiology Collaboration on Occupational Health Study
Group. Validity and reproducibility of self-reported working hours among Japanese
male employees. J. Occup. Health 58, 340-346.

International Labour Organization, 2008. Resolution Concerning the Measurement of
Working Time. International Labour Organization, Geneva.

International Labour Organization, 2017. ILO Working Conditions Laws Database.
International Labour Organization, Geneva.

International Labour Organization International Labour Standards on Working Time
2017 International Labour Organization.

International Labour Organization, 2019b. Centenary Declaration for the Future of Work.
International Labour Organization, Geneva.

Jarczok, M.N., Jarczok, M., Mauss, D., Koenig, J., Li, J., Herr, R.M., Thayer, J.F., 2013.
Autonomic nervous system activity and workplace stressors: a systematic review.
Neurosci. Biobehav. Rev. 37, 1810-1823.

Kiiver, H., Espelage, F., 2016. The use of regression models in labour market flow
statistics. In: European Conference on Quality in Official Statistics, Madrid.

Kivimaki, M., Jokela, M., Nyberg, S.T., Singh-Manoux, A., Fransson, E.I., Alfredsson, L.,
Bjorner, J.B., Borritz, M., Burr, H., Casini, A., Clays, E., De Bacquer, D., Dragano, N.,
Erbel, R., Geuskens, G.A., Hamer, M., Hooftman, W.E., Houtman, L.L., Jockel, K.H.,
Kittel, F., Knutsson, A., Koskenvuo, M., Lunau, T., Madsen, L.E., Nielsen, M.L.,
Nordin, M., Oksanen, T., Pejtersen, J.H., Pentti, J., Rugulies, R., Salo, P., Shipley, M.
J., Siegrist, J., Steptoe, A., Suominen, S.B., Theorell, T., Vahtera, J., Westerholm, P.
J., Westerlund, H., O’Reilly, D., Kumari, M., Batty, G.D., Ferrie, J.E., Virtanen, M.,
IPD-Work Consortium, 2015. Long working hours and risk of coronary heart disease
and stroke: a systematic review and meta-analysis of published and unpublished data
for 603,838 individuals. Lancet 386, 1739-1746.


https://doi.org/10.1016/j.envint.2021.106595
https://doi.org/10.1016/j.envint.2021.106595
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0010
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0015
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0015
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0015
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0015
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0020
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0020
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0025
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0025
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0025
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0025
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0030
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0030
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0030
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0035
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0035
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0035
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0035
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0035
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0035
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0035
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0040
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0040
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0040
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0040
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0040
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0040
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0040
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0045
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0050
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0050
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0050
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0055
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0055
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0055
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0060
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0060
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0060
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0060
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0065
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0065
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0065
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0065
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0065
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0070
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0070
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0070
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0080
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0080
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0085
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0085
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0085
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0090
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0090
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0090
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0090
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0095
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0095
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0100
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0100
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0110
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0110
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0115
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0115
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0115
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0125

F. Pega et al.

Kiviméki, M., Steptoe, A., 2018. Effects of stress on the development and progression of
cardiovascular disease. Nat. Rev. Cardiol. 15, 215-229.

Kivimaki, M., Virtanen, M., Nyberg, S.T., Batty, G.D., 2020. The WHO/ILO report on long
working hours and ischaemic heart disease - Conclusions are not supported by the
evidence. Environ. Int. 144, 106048.

Landsbergis, P., 2018. Chapter 17: Interventions to Reduce Job Stress and Improve Work
Organization and Worker Health. In: Schnall, P.L., Rosskam, E., Elling, R.H. (Eds.),
Unnhealthy Work: Causes, Consequences, Cures. Taylor & Francis, New York.

Leyland, A.H., Goldstein, H., 2001. Multilevel Modelling of Health Statistics. Wiley,
Chicester.

Li, J., Brisson, C., Clays, E., Ferrario, M.M., Ivanov, 1.D., Landsbergis, P., Leppink, N.,
Pega, F., Pikhart, H., Priiss-Ustiin, A., Rugulies, R., Schnall, P.L., Stevens, G.,
Tsutsumi, A., Ujita, Y., Siegrist, J., 2018. WHO/ILO work-related burden of disease
and injury: protocol for systematic reviews of exposure to long working hours and of
the effect of exposure to long working hours on ischaemic heart disease. Environ. Int.
119, 558-569.

Li, J., Pega, F., Ujita, Y., Brisson, C., Clays, E., Descatha, A., Ferrario, M.M., Godderis, L.,
Tavicoli, S., Landsbergis, P.A., Metzendorf, M.I., Morgan, R.L., Pachito, D.V.,
Pikhart, H., Richter, B., Roncaioli, M., Rugulies, R., Schnall, P.L., Sembajwe, G.,
Trudel, X., Tsutsumi, A., Woodruff, T.J., Siegrist, J., 2020a. The effect of exposure to
long working hours on ischaemic heart disease: a systematic review and meta-
analysis from the WHO/ILO Joint Estimates of the Work-related Burden of Disease
and Injury. Environ. Int. 142, 105739.

Li, J., Rugulies, R., Morgan, R.L., Woodruff, T., Siegrist, J., 2020b. WHO/ILO Working
Group of Individual Experts on Long Working Hours on Ischaemic Heart Disease.
Systematic review and meta-analysis on exposure to long working hours and risk of
ischaemic heart disease - Conclusions are supported by the evidence. Environ. Int.
144, 106118.

Messenger, J., 2018. Working Time and the Future of Work. International Labour
Organization, Geneva.

Meyers, A.R., Pinkerton, L.E., Hein, M.J., 2013. Cohort mortality study of garment
industry workers exposed to formaldehyde: update and internal comparisons. Am. J.
Ind. Med. 56, 1027-1039.

Murray, C.J.L., Ezzati, M., Lopez, A.D., Rodgers, A., Vander Hoorn, S., 2004.
Comparative quantification of health risks: conceptual framework and
methodological issues. In: Ezzati, M., Lopez, A.D., Rodgers, A., Murray, C.J.L. (Eds.),
Comparative Quantification of Health Risks: Global and Regional Burden of Disease
Attributable to Selected Major Risk Factors. World Health Organization, Geneva.

Nakata, A., 2012. Psychosocial job stress and immunity: a systematic review. Methods
Mol. Biol. 934, 39-75.

Rose, G., 1982. Incubation period of coronary heart disease. Br. Med. J. (Clin. Res. Ed.)
284, 1600-1601.

15

Environment International 154 (2021) 106595

Rushton, L., Bagga, S., Bevan, R., Brown, T., Cherrie, J., Holmes, P., Fortunato, L.,
Hutchings, S., Slack, R., Van Tongeren, M., Young, C., Evans, G.S., 2012. The burden
of occupational cancer in Great Britain: overview report. Health and Safety
Executive, London.

Saunders, D.L., Kehoe, K.C., Rinehart, V.H., Berg, B.W., 2005. Self-reporting of internal
medicine house staff work hours. Hawaii Med. J. 64, 14-16.

Sonnentag, S., Venz, L., Casper, A., 2017. Advances in recovery research: what have we
learned? What should be done next? J. Occup. Health Psychol. 22, 365-380.

Steptoe, A., Kiviméaki, M., 2012. Stress and cardiovascular disease. Nat. Rev. Cardiol. 9,
360-370.

Stevens, G.A., Alkema, L., Black, R.E., Boerma, J.T., Collins, G.S., Ezzati, M., Grove, J.T.,
Hogan, D.R., Hogan, M.C., Horton, R., Lawn, J.E., Marusic, A., Mathers, C.D.,
Murray, C.J., Rudan, I., Salomon, J.A., Simpson, P.J., Vos, T., Welch, V., 2016.
Guidelines for accurate and transparent health estimates reporting: the GATHER
statement. Lancet 388, e19-e23.

Taris, T.W., Ybema, J.F., Beckers, D.G., Verheijden, M.W., Geurts, S.A., Kompier, M.A.,
2011. Investigating the associations among overtime work, health behaviors, and
health: a longitudinal study among full-time employees. Int. J. Behav. Med. 18,
352-360.

Todd, S.R., Fahy, B.N., Paukert, J.L., Mersinger, D., Johnson, M.L., Bass, B.L., 2010. How
accurate are self-reported resident duty hours? J. Surg. Educ. 67, 103-107.

United Nations, 2019. World Population Prospects 2019, Online Edition. New York, NY,
United Nations.

Virtanen, M., Ferrie, J.E., Gimeno, D., Vahtera, J., Elovainio, M., Singh-Manoux, A.,
Marmot, M.G., Kivimaki, M., 2009. Long working hours and sleep disturbances: the
Whitehall II prospective cohort study. Sleep 32, 737-745.

Wolf, J., Bonjour, S., Priiss-Ustiin, A., 2013. An exploration of multilevel modeling for
estimating access to drinking-water and sanitation. J. Water Health 11, 64-77.

Wolf, J., Johnston, R., Freeman, M.C., Ram, P.K., Slaymaker, T., Laurenz, E., Priiss-
Ustiin, A., 2019. Handwashing with soap after potential faecal contact: global,
regional and country estimates. Int. J. Epidemiol. 48, 1204-1218.

Woodruff, T.J., Sutton, P., Navigation Guide Work Group, 2011. An evidence-based
medicine methodology to bridge the gap between clinical and environmental health
sciences. Health Aff. 30, 931-937.

World Health Organization, 2016. Preventing disease through healthy environments: a
global assessment of the burden of disease from enviornmental risks. World Health
Organization, Geneva.

World Health Organization, 2018a. Global Health Estimates 2016: Deaths by Cause, Age,
Sex, by Country and by Region, 2000-2016. World Health Organization.

World Health Organization, 2018b. WHO methods and data sources for global burden of
disease estimates 2000-2016. World Health Organization, Geneva.

World Health Organization, 2020. Global Health Observatory (GHO) data: Life tables.
World Health Organization.


http://refhub.elsevier.com/S0160-4120(21)00220-8/h0130
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0130
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0135
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0135
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0135
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0140
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0140
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0140
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0145
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0145
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0150
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0150
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0150
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0150
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0150
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0150
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0155
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0155
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0155
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0155
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0155
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0155
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0155
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0160
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0160
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0160
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0160
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0160
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0165
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0165
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0170
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0170
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0170
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0175
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0175
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0175
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0175
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0175
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0180
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0180
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0185
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0185
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0190
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0190
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0190
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0190
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0195
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0195
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0200
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0200
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0205
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0205
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0210
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0210
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0210
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0210
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0210
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0215
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0215
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0215
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0215
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0220
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0220
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0225
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0225
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0230
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0230
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0230
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0235
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0235
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0240
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0240
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0240
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0245
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0245
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0245
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0250
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0250
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0250
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0255
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0255
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0260
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0260
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0265
http://refhub.elsevier.com/S0160-4120(21)00220-8/h0265

	Global, regional, and national burdens of ischemic heart disease and stroke attributable to exposure to long working hours  ...
	1 Introduction
	2 Materials and methods
	2.1 Overview
	2.2 Data sources
	2.3 Statistical modelling
	2.3.1 Model 1: Multilevel model to estimate proportion of population in each working hours category by year
	2.3.2 Model 2: Model of transition probabilities between working hours categories
	2.3.3 Model 3: Microsimulation model to estimate exposed population over a time window
	2.3.4 Model 4: Burden of disease estimation model

	2.4 Uncertainty ranges
	2.5 Sensitivity analyses

	3 Results
	3.1 Estimates of population exposed to long working hours (≥55 ​hours/week)
	3.2 Burden of disease attributable to exposure to long working hours (≥55 ​hours/week)
	3.2.1 Burden of ischemic heart disease attributable to exposure to long working hours ​(≥ ​55 ​hours/week)
	3.2.1.1 Deaths
	3.2.1.2 DALYs

	3.2.2 Burden of stroke attributable to exposure to long working hours (≥55 ​hours/week)
	3.2.2.1 Deaths
	3.2.2.2 DALYs


	3.3 Sensitivity analyses

	4 Discussion
	4.1 Comparison with previous findings and interpretations
	4.2 Strengths and limitations

	5 Conclusions
	Disclaimers
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


