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A B S T R A C T

Background: The World Health Organization (WHO) and the International Labour Organization (ILO) are de-
veloping joint estimates of the work-related burden of disease and injury (WHO/ILO Joint Estimates), with
contributions from a large network of individual experts. Evidence from mechanistic data and prior studies
suggests that exposure to long working hours may cause stroke. In this paper, we present a systematic review and
meta-analysis of parameters for estimating the number of deaths and disability-adjusted life years from stroke
that are attributable to exposure to long working hours, for the development of the WHO/ILO Joint Estimates.
Objectives: We aimed to systematically review and meta-analyse estimates of the effect of exposure to long
working hours (three categories: 41–48, 49–54 and ≥55 h/week), compared with exposure to standard working
hours (35–40 h/week), on stroke (three outcomes: prevalence, incidence, and mortality).
Data sources: A protocol was developed and published, applying the Navigation Guide to systematic reviews as
an organizing framework where feasible. We searched electronic databases for potentially relevant records from
published and unpublished studies, including Ovid MEDLINE, PubMed, EMBASE, Scopus, Web of Science,
CISDOC, PsycINFO, and WHO ICTRP. We also searched grey literature databases, Internet search engines, and
organizational websites; hand-searched reference lists of previous systematic reviews; and consulted additional
experts.
Study eligibility and criteria: We included working-age (≥15 years) individuals in the formal and informal
economy in any WHO and/or ILO Member State but excluded children (aged < 15 years) and unpaid domestic
workers. We included randomized controlled trials, cohort studies, case-control studies and other non-rando-
mized intervention studies with an estimate of the effect of exposure to long working hours (41–48, 49–54 and
≥55 h/week), compared with exposure to standard working hours (35–40 h/week), on stroke (prevalence,
incidence or mortality).
Study appraisal and synthesis methods: At least two review authors independently screened titles and abstracts
against the eligibility criteria at a first review stage and full texts of potentially eligible records at a second stage,
followed by extraction of data from qualifying studies. Missing data were requested from principal study authors.
We combined relative risks using random-effects meta-analysis. Two or more review authors assessed the risk of
bias, quality of evidence and strength of evidence, using the Navigation Guide and GRADE tools and approaches
adapted to this project.
Results: Twenty-two studies (20 cohort studies, 2 case-control studies) met the inclusion criteria, comprising a
total of 839,680 participants (364,616 females) in eight countries from three WHO regions (Americas, Europe,
and Western Pacific). The exposure was measured using self-reports in all studies, and the outcome was assessed
with administrative health records (13 studies), self-reported physician diagnosis (7 studies), direct diagnosis by
a physician (1 study) or during a medical interview (1 study). The outcome was defined as an incident non-fatal
stroke event in nine studies (7 cohort studies, 2 case-control studies), incident fatal stroke event in one cohort
study and incident non-fatal or fatal (“mixed”) event in 12 studies (all cohort studies). Cohort studies were
judged to have a relatively low risk of bias; therefore, we prioritized evidence from these studies, but synthesised
evidence from case-control studies as supporting evidence. For the bodies of evidence for both outcomes with
any eligible studies (i.e. stroke incidence and mortality), we did not have serious concerns for risk of bias (at
least for the cohort studies).

Eligible studies were found on the effects of long working hours on stroke incidence and mortality, but not
prevalence. Compared with working 35–40 h/week, we were uncertain about the effect on incidence of stroke
due to working 41–48 h/week (relative risk (RR) 1.04, 95% confidence interval (CI) 0.94–1.14, 18 studies,
277,202 participants, I2 0%, low quality of evidence). There may have been an increased risk for acquiring stroke
when working 49–54 h/week compared with 35–40 h/week (RR 1.13, 95% CI 1.00–1.28, 17 studies,
275,181participants, I2 0%, p 0.04, moderate quality of evidence). Compared with working 35–40 h/week,
working ≥55 h/week may have led to a moderate, clinically meaningful increase in the risk of acquiring stroke,
when followed up between one year and 20 years (RR 1.35, 95% CI 1.13 to 1.61, 7 studies, 162,644 participants,
I2 3%, moderate quality of evidence).

Compared with working 35–40 h/week, we were very uncertain about the effect on dying (mortality) of
stroke due to working 41–48 h/week (RR 1.01, 95% CI 0.91–1.12, 12 studies, 265,937 participants, I2 0%, low
quality of evidence), 49–54 h/week (RR 1.13, 95% CI 0.99–1.29, 11 studies, 256,129 participants, I2 0%, low
quality of evidence) and 55 h/week (RR 1.08, 95% CI 0.89–1.31, 10 studies, 664,647 participants, I2 20%, low
quality of evidence).

Subgroup analyses found no evidence for differences by WHO region, age, sex, socioeconomic status and type
of stroke. Sensitivity analyses found no differences by outcome definition (exclusively non-fatal or fatal versus
“mixed”) except for the comparison working ≥55 h/week versus 35–40 h/week for stroke incidence (p for
subgroup differences: 0.05), risk of bias (“high”/“probably high” ratings in any domain versus “low”/“probably
low” in all domains), effect estimate measures (risk versus hazard versus odds ratios) and comparator (exact
versus approximate definition).
Conclusions: We judged the existing bodies of evidence for human evidence as “inadequate evidence for
harmfulness” for all exposure categories for stroke prevalence and mortality and for exposure to 41–48 h/week
for stroke incidence. Evidence on exposure to 48–54 h/week and ≥55 h/week was judged as “limited evidence
for harmfulness” and “sufficient evidence for harmfulness” for stroke incidence, respectively. Producing esti-
mates for the burden of stroke attributable to exposures to working 48–54 and ≥55 h/week appears evidence-
based, and the pooled effect estimates presented in this systematic review could be used as input data for the
WHO/ILO Joint Estimates.
Protocol identifier: https://doi.org/10.1016/j.envint.2018.06.016.
PROSPERO registration number: CRD42017060124.
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1. Background

The World Health Organization (WHO) and the International
Labour Organization (ILO) are finalizing their first joint estimates of the
work-related burden of disease and injury (WHO/ILO Joint Estimates)
(Ryder, 2017). The organizations are estimating the numbers of deaths
and disability-adjusted life years (DALYs) that are attributable to ex-
posure to selected occupational risk factors. The WHO/ILO Joint Esti-
mates are based on existing WHO and ILO methodologies for estimating
the disease burdens for selected occupational risk factors (Ezzati et al.,
2004; International Labour Organization, 1999; 2014; Pruss-Ustun
et al., 2017). They will expand existing estimates with those for
prioritized additional pairs of occupational risk factors and health
outcomes. For this purpose, population attributable fractions (Murray
et al., 2004) – the proportional reduction in burden from the health
outcome achieved by a reduction of exposure to the risk factor to zero –
are being calculated for each additional risk factor-outcome pair. These
fractions are being applied to the total disease burden envelopes for
health outcomes from the WHO Global Health Estimates for the years
2000–2016 (World Health Organization, 2020).

The WHO/ILO Joint Estimates may include estimates of the burden
of stroke attributable to exposure to long working hours, if feasible, as
one additional risk factor-outcome pair for which global disease burden
has not previously been estimated. To select parameters with the best
and least biased evidence for their estimation models, WHO and ILO,
supported by a large network of individual experts, have conducted a
systematic review and meta-analysis of studies on the relationship be-
tween exposure to long working hours and stroke according to protocol
(Descatha et al., 2018), and we present these analyses in this paper.
WHO and ILO are in parallel also producing a systematic review of
studies estimating the prevalence of exposure to long working hours
(forthcoming), applying their novel systematic review methods (Pega
et al., 2020). The organizations are also conducting or have completed
several other systematic reviews and meta-analyses on other additional
risk factor-outcome pairs (Godderis et al., 2018; Hulshof et al., 2019; Li
et al., 2018; Li et al., 2020; Mandrioli et al., 2018; Paulo et al., 2019;
Rugulies et al., 2019; Teixeira et al., 2019; Tenkate et al., 2019). To our
knowledge, these are the first systematic reviews and meta-analyses,
with a pre-published protocol, conducted specifically for an occupa-
tional burden of disease study. The WHO’s and ILO’s joint estimation
methodology and the WHO/ILO Joint Estimates are separate from these
systematic reviews, and they will be described in more detail and re-
ported elsewhere.

1.1. Rationale

As the world’s population number grows and ages, the global
burden of stroke is increasing dramatically (Mukherjee and Patil,
2011), with 16.9 million people suffering a stroke each year and a
global incidence of 258/100,000/year (Bejot et al., 2016). To consider
the feasibility of estimating the burden of stroke attributable to ex-
posure to long working hours, and to ensure that potential estimates of
burden of disease are reported in adherence with the guidelines for
accurate and transparent health estimates reporting (GATHER) (Stevens
et al., 2016), WHO and ILO require a systematic review of studies on

the prevalence of relevant levels of exposure to long working hours
(forthcoming), as well as a systematic review and meta-analysis with
estimates of the relative effect of exposure to long work hours on stroke
prevalence, incidence, and mortality compared with the theoretical
minimum risk exposure level. The theoretical minimum risk exposure
level is the exposure level that would result in the lowest possible po-
pulation risk, even if it is not feasible to attain this exposure level in
practice (Murray et al., 2004).

Over the last two decades, several reviews have been conducted on
the relationship between exposure to psychosocial factors and cardio-
vascular diseases in general (Huang and Zhang 2006; Huang et al.,
2013; Kang et al., 2012a; Kang et al., 2012b; Kivimaki and Kawachi,
2015; Sparks et al., 1997). Kang et al in 2012 systematically reviewed
341 published studies on associations between long working hours and
cardiovascular diseases, finding five cohort studies and six case–control
studies of which none studied stroke outcomes alone and two studied
cardiovascular diseases that included stroke. We are aware of only one
previous systematic review and meta-analysis (and individual-partici-
pant-data analysis) specific to the effect of exposure to long working
hours on stroke (Kivimaki et al., 2015a). This systematic review in-
cluded one published study and 14 unpublished studies, with evidence
up to August of 2014. It found a dose–response association, with re-
lative risk (RR) estimates for stroke of 1.10 (95% CI 0.94–1.28) for
study participants working 41–48 h/week; 1.27 (1.03–1.56) for those
working 49–54 h/week; and 1.33 (1.11–1.61) for those working
≥55 h/week, compared with participants working standard hours (p
for trend <0.0001). A 2018 update of the Kivimaki et al., 2015 sys-
tematic review added one additional cohort study (the Danish Labour
Force Survey) (Virtanen and Kivimaki, 2018) and found that exposure
to working ≥55 h/week led to an increase in risk of stroke by an es-
timated 21% (95% CI 1.01–1.45; 16 studies). Both the Kivimaki et al.
(2015) systematic review and its 2018 update combined studies with
non-fatal, fatal, and fatal or non-fatal (“mixed”) stroke events in their
meta-analyses. However, burden of disease estimation requires separate
evidence on stroke incidence (ideally non-fatal events only, but mixed
data might also be included) and stroke mortality (ideally fatal events
only, but mixed data might also be included). Another systematic re-
view and meta-analysis on the effects of exposure to long working hours
on occupational health outcomes (Wong et al. (2019) included stroke as
one (of many) physiological health outcomes, making it not directly
comparable with the current systematic review. To our knowledge,
none of these prior systematic reviews had a pre-published protocol
and/or missed other essential aspects of a systematic review. Our sys-
tematic review is fully compliant with the latest systematic review
methods (including use of a protocol), expands the scope of the existing
systematic review evidence by covering evidence from studies pub-
lished up to 31 August 2019, and includes workers in the formal and the
informal economy (104th International Labour Conference, 2015).

1.2. Description of the risk factor

Burden of disease estimation requires unambiguous definitions of
the risk factor, risk factor levels, and the theoretical minimum risk
exposure level. Long working hours were defined as working hours
exceeding standard working hours, i.e. working for ≥41 h/week

Table 1
Definitions of the risk factor, risk factor levels and the minimum risk exposure level.

Definition

Risk factor Long working hours (including those spent in secondary jobs), defined as working hours >40 h/week, i.e. working hours exceeding
standard working hours (35–40 h/week).

Risk factor levels Four levels: 1. 35–40 h/week. 2. 41–48 h/week. 3. 49–54 h/week. 5. ≥55 h/week.
Theoretical minimum risk exposure level Standard working hours, defined as working hours of 35–40 h/week (level 1).

Source: (Descatha et al., 2018).
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(Table 1). Based on results from earlier studies on long working hours
and health endpoints (Kivimaki et al., 2015a; Kivimaki and Kawachi
2015; Kivimaki et al., 2015b; Virtanen et al., 2012), the pre-defined
exposure level categories for our systematic review were 35–40, 41–48,
49–54 and ≥55 h/week (Table 1).

The theoretical minimum risk exposure was standard working hours
defined as 35–40 h/week (Table 1). The theoretical minimum risk ex-
posure might be lower than standard working hours, but we excluded
working hours <35 h/week because studies indicate that a proportion
of individuals working less than those standard hours do so because of
existing health problems (Kivimaki et al., 2015c; Virtanen et al., 2012).
Consequently, studies using individuals working less than standard
hours as the reference group were excluded from the review and meta-
analysis. The category 35–40 h/week has also been used as the re-
ference group in many large studies and previous systematic reviews
(Bejot et al., 2016; Kivimaki et al., 2015a; Stevens et al., 2016; Virtanen
et al., 2012).

1.3. Definition of the outcome

The WHO Global Health Estimates group outcomes into standard
burden of disease categories (World Health Organization 2018), based
on standard codes from the International Statistical Classification of Dis-
eases and Related Health Problems 10th Revision (ICD-10) (World Health
Organization, 2015). The relevant WHO Global Health Estimates cate-
gory for this systematic review was “II.H.4 Stroke” (World Health
Organization, 2018). In line with the WHO Global Health Estimates, we
defined the health outcome covered in this Systematic Review as stroke,
determined as conditions with ICD-10 codes I60 to I69 (Table 2). We
considered prevalence of, incidence of, and mortality from stroke.
Table 2 presents, for each disease or health problem included in the
WHO Global Health Estimates category, the inclusion criteria for this
review. This review covers all the relevant WHO Global Health Esti-
mates categories.

1.4. How the risk factor may impact the outcome

Fig. 1 presents the logic model for our systematic review of the
causal relationship between exposure to long working hours and stroke,
taken from our protocol (Descatha et al., 2018). This logic model was
an a priori, process-oriented one (Rehfuess et al., 2018) that sought to
capture the complexity of the risk factor–outcome causal relationship
(Anderson et al., 2011).

Based on knowledge of previous research on long working hours
and stroke, we assumed that the effect of long working hours on stroke
could be modified by country (or WHO region), sex, age, industrial
sector, occupation, and formality of the economy. Confounding was
considered by, at least, age, sex, and an indicator of socioeconomic
status (e.g. income, education or occupational grade). Exceptions were
accepted for studies whose samples were homogeneous (such as men
only) or who conducted sensitivity analyses (such as sex-specific

analyses).
Several variables may mediate the effects of long working hours on

disease risk through two major pathways. The first one highlights be-
havioural responses that result in an increase in health-adverse beha-
viours, such as cigarette smoking, high alcohol consumption, unhealthy
diet, and physical inactivity (Taris et al., 2011; Virtanen et al., 2015).
Impaired sleep and poor recovery due to long working hours has also
been shown to increase the risk of stroke (Sonnentag et al., 2017;
Virtanen et al., 2009). Chronic psychosocial stress responses define a
second pathway that would mediate the effects of long working hours
on stroke. According to established physiological evidence, recurrent
high physical and psychological effort (seen in long working hours)
results in biological mechanisms that lead to the excessive release of
stress hormones adrenalin, noradrenalin, and cortisol (Chandola et al.,
2010; Jarczok et al., 2013; Nakata 2012). Over time, this recurrent
activation exceeds the regulatory capacity of the cardiovascular system,
thus triggering functional dysregulations (e.g. sustained high blood
pressure) and structural lesions (e.g. atherogenesis in coronary vessels)
(Kivimaki and Steptoe, 2018).

Working long hours may have a direct influence on stroke through a
physiological response. In fact, chronic psychosocial stress has been
shown to activate structures in the prefrontal cortex and limbic system
stimulating abnormal levels of stress hormones, as well as arousing the
sympathetic and vagal tone via the hypothalamic–pituitaryadrenal and
sympatho-adrenal medullary axes (Steptoe and Kivimaki, 2012, 2013).
These reactions may alter a range of endocrine, immune and in-
flammatory biomarkers with adverse effects on the cardiovascular
system, such as high blood pressure (Hayashi et al., 1996), other cardio-
metabolic risk factors (McEwen 1998a, b), and growth of carotid in-
tima-media thickness (Krause et al., 2009).

2. Objectives

To systematically review and meta-analyse evidence on the effect of
exposure to long working hours (three categories: 41–48, 49–54, and
≥55 h/week) on stroke prevalence, incidence and mortality among
workers of working age, compared with the minimum risk exposure
level (standard working hours: 35–40 h/week).

3. Methods

3.1. Developed protocol

The Navigation Guide (Woodruff and Sutton 2014) for systematic
reviews in environmental and occupational health was used as our
guiding methodological framework, and applied wherever feasible. The
Navigation Guide applies established systematic review methods from
clinical medicine, including standard Cochrane methods for systematic
reviews of interventions, to the field of environmental and occupational
health to ensure systematic and rigorous evidence synthesis that re-
duces bias and maximizes transparency (Woodruff and Sutton, 2014).

Table 2
ICD-10 codes and disease and health problems covered by the WHO Global Health Estimates categories “II.H.4 Stroke” and their inclusion in the systematic review.

ICD-10 code Disease or health problem Included in this review

I60 Subarachnoid haemorrhage Yes
I61 Intracerebral haemorrhage Yes
I62 Other nontraumatic intracranial haemorrhage Yes
I63 Cerebral infarction Yes
I64 Stroke, not specified as haemorrhage or infarction Yes
I65 Occlusion and stenosis of precerebral arteries, not resulting in cerebral infarction Yes
I66 Occlusion and stenosis of cerebral arteries, not resulting in cerebral infarction Yes
I67 Other cerebrovascular diseases Yes
I68 Cerebrovascular disorders in diseases classified elsewhere Yes
I69 Sequelae of cerebrovascular disease Yes

Source: (Descatha et al., 2018).
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The need for further methodological development and refinement of
the relatively novel Navigation Guide has been acknowledged
(Woodruff and Sutton, 2014). Our systematic review used most of the
Navigation Guide framework, and steps 1–6 for the stream on human
data were conducted; we left out steps for the stream on non-human
data, opting instead for a brief narrative of that evidence.

We registered the protocol in PROSPERO under CRD42017060124.
This registered protocol adheres with the preferred reporting items for
systematic review and meta-analysis protocols statement (PRISMA-P)
(Moher et al., 2015; Shamseer et al., 2015), with the abstract adhering
with the reporting items for systematic reviews in journal and con-
ference abstracts (PRISMA-A) (Beller et al., 2013). Any modification of
the methods stated in the protocol was registered in PROSPERO and
reported here, in the systematic review itself. Our review has been
presented in concordance with the preferred reporting items for sys-
tematic review and meta-analysis statement (PRISMA) (Liberati et al.,
2009). The reporting of the parameters for estimating the burden of
stroke that is attributable to exposure to long working hours in the
systematic review adheres to the requirements of the GATHER guide-
lines (Stevens et al., 2016) because the WHO/ILO Joint Estimates that
may be produced consecutive to this systematic review must also ad-
here to these reporting guidelines.

All methods and reporting guidelines were standardised across all

systematic reviews conducted for the WHO/ILO Joint Estimates
(Descatha et al., 2018; Godderis et al., 2018; Hulshof et al., 2019; Li
et al., 2018; Li et al., 2020; MandrioLi et al., 2018; Paulo et al., 2019;
Rugulies et al., 2019; Teixeira et al., 2019; Tenkate et al., 2019).

3.2. Searched literature

3.2.1. Electronic academic databases
We searched the eight following electronic academic databases to

the specified date:

1. International Clinical Trials Register Platform (to 31 May 2018).
2. Ovid MEDLINE with Daily Update (1 January 1946 to 31 May 2018,

and updated on 3 April 2020).
3. PubMed (1 January 1946 to 31 May 2018, and updated on to 3 April

2020).
4. EMBASE (1 January 1947 to 31 May 2018).
5. Scopus (1 January 1788 to 31 May 2018).
6. Web of Science (1 January 1945 to 31 May 2018).
7. CISDOC (1 January 1901 to 31 December 2012, searched on 31 May

2018).
8. PsychInfo (1880 to 31 May 2018).

Fig. 1. Logic model of the possible causal relationship between exposure to long working hours and stroke. Source: (Descatha et al., 2018). The modifier arcs are
shown here as connecting arrows to make the chart simpler to read. The hypothesized modifying effect illustrates the potential relationship between the risk factor
and/or the mediators and between the mediators and the outcome.
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The Ovid MEDLINE search strategy was presented in the protocol
(Descatha et al., 2018). To identify studies on stroke, we adopted or
adapted several search terms or strings used in a recent Cochrane Re-
view on Cerebrolysin for acute ischaemic stroke (Ziganshina et al.,
2017). The full search strategies for all databases were revised by an
information scientist and are presented in Appendix 3. Deviations from
the planned search strategy are documented in Section 8. We performed
searches in electronic databases operated in the English language using
a search strategy in the English language in June and July 2018. When
we neared completion of the review, we conducted a search of the Ovid
MEDLINE and PubMed databases on 3 April 2020 to capture the most
recent publications (e.g., publications ahead of print).

3.2.2. Electronic grey literature databases
We searched the following two electronic academic databases in

May 2018:

OpenGrey (http://www.opengrey.eu/).
Grey Literature Report (https://www.nyam.org/library/collections-
and-resources/grey-literature-report/).

3.2.3. Internet search engines
We also searched the internet search engines Google (www.google.

com/) and GoogleScholar (www.google.com/scholar/), and screened
the first 100 hits for potentially relevant records, as has been done in
Cochrane Reviews (Pega et al., 2015; Pega et al., 2017).

3.2.4. Organizational websites
The websites of the seven following international organizations and

national government departments were searched in May 2018:

1. International Labour Organization (www.ilo.org/).
2. World Health Organization (www.who.int).
3. European Agency for Safety and Health at Work (https://osha.

europa.eu/en).
4. Eurostat (www.ec.europa.eu/eurostat/web/main/home).
5. China National Knowledge Infrastructure (http://www.cnki.net/).
6. Finnish Institute of Occupational Health (https://www.ttl.fi/en/).
7. United States National Institute of Occupational Safety and Health

(NIOSH) of the United States of America, using the NIOSH data and
statistics gateway (https://www.cdc.gov/niosh/data/).

3.2.5. Hand-searching and expert consultation
We hand-searched for potentially eligible studies in:

• Reference lists of previous systematic reviews.
• Reference lists of all included study records.
• Study records published over the past 24 months in the three peer-
reviewed academic journals with the largest number of included
studies.
• Study records that have cited the included studies (identified in Web
of Science citation database).
• Collections of the review authors.

Additional experts were contacted with a list of included studies,
with the request to identify potentially eligible additional studies.

3.3. Selected studies

Study selection was carried out using the Covidence systematic re-
view software (Covidence systematic review software). All study re-
cords identified in the search were downloaded and duplicates were
identified and deleted. Afterwards, at least two review authors, working
in pairs, independently screened titles and abstracts (step 1) and then
full texts (step 2) of potentially relevant records. A third review author
resolved any disagreements between the first two review authors.

Records were not assigned to reviewers who had been authors of a
given study. For example, since some authors of this systematic review
are also authors of the Fadel 2019 study (Fadel et al., 2019), we ensured
that study selection and all steps of the systematic review for this study
were conducted exclusively by reviewers who were not authors of the
Fadel 2019 study. The study selection was documented in a flow chart
in the systematic review, as per PRISMA guidelines (Liberati et al.,
2009), Appendix 8.

3.4. Eligibility criteria

The PECO criteria (Morgan et al., 2018) are described below.

3.4.1. Types of populations
We included studies of the working-age population (≥15 years) in

the formal and informal economy. Studies of children (aged <15 years)
and unpaid domestic workers were excluded. Participants residing in
any Member (or member) State of WHO and/or ILO and any industrial
sector or occupation were included. Appendix F of our protocol pro-
vides a complete, but briefer overview of the PECO criteria (Descatha
et al., 2018).

3.4.2. Types of exposures
We included studies that defined long working hours in accordance

with our standard definition (Table 1). We prioritized measures of the
total number of hours worked, including in both main and secondary
jobs, self-employment, and salaried employment, whether in the in-
formal or the formal economy.

We included studies with objective (e.g. by means of time recording
technology) and subjective measurements of long working hours, in-
cluding studies that used estimates by experts (e.g. scientists with
subject matter expertise) and self-reports by workers, workplace ad-
ministrators, and managers. If a study presented both objective and
subjective measurements, we prioritized objective ones. Studies with
measures from any data source, including registry data, were included.

For studies that reported exposure levels differing from our standard
levels (Table 1), we converted the reported levels to the standard levels
if possible and reported analyses on these alternate exposure levels if
impossible. Exposures collected and/or reported in a non-preferred unit
(e.g. hours/day) were converted to the preferred unit (i.e. hours/week).

3.4.3. Types of comparators
The comparator was participants exposed to the theoretical

minimum risk exposure level of 35–40 h worked per week (Table 1).

3.4.4. Types of outcomes
This systematic review included three outcomes:

1. Has had a stroke (stroke prevalence).
2. Acquired stroke (stroke incidence).
3. Died due to stroke (stroke mortality).

We included studies that defined stroke in accordance with our
standard definition (Table 2). We expected that most studies examining
exposure to long working hours and its effect on stroke have docu-
mented ICD-10 diagnostic codes. In the remaining cases, methods that
approximate ICD-10 criteria ascertained the outcome, such as physi-
cian-obtained self-reports (see also Appendix 4 in the supplementary
data and Section 5.3).

The following measurements of stroke are regarded as eligible:

i. Diagnosis by a physician with imaging.
ii. Hospital discharge records.
iii. Other relevant administrative data (e.g., records of sickness absence

or disability).
iv. Medically certified cause of death.
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All other measures were excluded from this systematic review.
Objective (e.g., health records) and subjective (e.g., self-reports)

measures of the outcome are eligible. If a study presents both objective
and subjective measurements, we prioritized the objective ones.

Studies with “mixed” outcome definitions (i.e., including both fatal
stroke events and non-fatal stroke events) provide evidence on both the
outcome stroke incidence and the outcome stroke mortality. These
studies were consequently included in analyses on both of these out-
comes, as long as they were sufficiently homogeneous statistically with
studies of non-fatal events only and fatal events only, respectively (as
determined by sensitivity analyses; Section 3.9).

3.4.5. Types of studies
We included studies that investigated the effect of long working

hours on stroke for any years. Eligible study designs were randomized
controlled trials (including parallel-group, cluster, cross-over, and fac-
torial trials), cohort studies (both prospective and retrospective), case-
control studies, and other non-randomized intervention studies (in-
cluding quasi-randomized controlled trials, controlled before-after stu-
dies, and interrupted time series studies). We included a broader set of
observational study designs than is commonly included, because a re-
cent augmented Cochrane Review of complex interventions identified
valuable additional studies using such a broader set of designs (Arditi
et al., 2016). Since our objective was to quantify risk rather than simply
assess hazard (Barroga and Kojima, 2013), we excluded all other study
designs (e.g. uncontrolled before-and-after, cross-sectional, qualitative,
modelling, case. and non-original studies).

Records published in any year and any language were included.
Because the search was conducted using English language terms, re-
cords published in any language that presented essential information
(i.e. title and abstract) in English were included. If a record was written
in a language other than those spoken by the authors of this review or
other reviews (Godderis et al., 2018; Hulshof et al., 2019; Li et al.,
2018; Mandrioli et al., 2018; Paulo et al., 2019; Rugulies et al., 2019;
Teixeira et al., 2019; Tenkate et al., 2019) in the series (i.e. Arabic,
Bulgarian, Chinese, Danish, Dutch, English, French, Finnish, German,
Hungarian, Italian, Japanese, Norwegian, Portuguese, Russian, Spanish,
Swedish and Thai), the record was translated into English. Published
and unpublished studies were included. Studies conducted using un-
ethical practices were excluded (e.g., studies that deliberately exposed
humans to a known risk factor to human health).

3.4.6. Types of effect measures
We included measures of the effect of a relevant level of long

working hours on the risk of stroke (prevalence, incidence and mor-
tality), compared with the theoretical minimum risk exposure level. We
included relative effect measures such as RRs and ORs for mortality
measures and hazard rate ratios for incidence measures (e.g., developed
or died from stroke). Measures of absolute effects (e.g., mean differ-
ences in risks or odds) were converted into relative effect measures, but
if conversion was impossible, they were excluded. To ensure compar-
ability of effect estimates and facilitate meta-analysis, if a study pre-
sented an OR, then we converted it into a RR, if possible, using the
guidance provided in the Cochrane handbook for systematic reviews of
interventions (Higgins and Green, 2011).

If a study presented estimates for the effect from two or more al-
ternative models that had been adjusted for different variables, then we
prioritized the estimate from the model that provided information on
the relevant confounders or mediators (at least the core variables de-
fined in Fig. 1: age, sex, and socioeconomic status). We prioritized es-
timates from models adjusted for more potential confounders over
those from models adjusted for fewer. We prioritized estimates from
models unadjusted for mediators over those from models adjusted for
mediators, because adjustment for mediators can introduce bias. We
prioritized estimates from models that can adjust for time-varying
confounders that are at the same time also mediators, such as marginal

structural models (Pega et al., 2016), over estimates from models that
can only adjust for time-varying confounders, such as fixed-effects
models (Gunasekara et al., 2014), over estimates from models that
cannot adjust for time-varying confounding. If a study presents effect
estimates from two or more potentially eligible models, then we
documented why we prioritized the selected model.

3.5. Extracted data

A standard data extraction form was developed and trialled until
data extractors reached convergence and agreement. At least two re-
view authors independently extracted data on study characteristics
(including study authors, study year, study country, participants, ex-
posure, and outcome), study design (including study type, comparator,
epidemiological model(s) used, and effect estimate measure) and risk of
bias (including source population representation, blinding, exposure
assessment, outcome assessment, confounding, incomplete outcome
data, selective outcome reporting, conflict of interest, and other sources
of bias). A third review author resolved conflicts in data extraction.
Data were entered into and managed with Excel.

We also extracted data on potential conflict of interest in included
studies. For each author and affiliated organization of each included
study record, we extracted their financial disclosures and funding
sources. We used a modification of a previous method to identify and
assess undisclosed financial interest of authors (Forsyth et al., 2014).
Where no financial disclosure or conflict of interest statements were
available, we searched the name of all authors in other study records
gathered for this study and published in the prior 36 months and in
other publicly available declarations of interests (Drazen et al., 2010a,
2010b).

3.6. Requested missing data

We requested missing data from the principal study author by email
or phone, using the contact details provided in the principal study re-
cord. If we did not receive a positive response from the principal study
author, we sent follow-up emails twice, at two and four weeks. We
present a description of missing data, the study author from whom the
data were requested, the date of requests sent, the date on which data
were received (if any), and a summary of the responses provided by the
study authors (Appendix 1 in the Supplementary data). If we did not
receive some or all the requested missing data, we nevertheless retained
the study in the systematic review as long as it fulfilled our eligibility
criteria.

3.7. Assessed risk of bias

Standard risk of bias tools do not exist for systematic reviews for
hazard identification or those for risk assessment in occupational and
environmental health. The five such tools developed specifically for
occupational and environmental health are for either or both hazard
identification and risk assessment, and they differ substantially in the
types of studies (randomized, observational and/or simulation studies)
and data (e.g. human, animal and/or in vitro) they seek to assess
(Rooney et al., 2016). However, all five tools, including the Navigation
Guide, assess risk of bias in human studies similarly (Rooney et al.,
2016).

Consistent with using the Navigation Guide as our organizing fra-
mework, we used its risk of bias tool, which builds on the standard risk
of bias assessment methods of Cochrane (Higgins et al., 2011) and the
US Agency for Healthcare Research and Quality (Viswanathan et al.,
2008), and has been successfully applied in several completed and
ongoing systematic reviews (Johnson et al., 2016, 2014; Koustas et al.,
2014; Lam et al., 2014, 2017, 2016a; Vesterinen et al., 2014). To adhere
with methods in the Navigation Guide, we used updates from its latest
version published in the protocol for an ongoing systematic review
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(Lam et al., 2016a).
We assessed risk of bias on the individual study level and across the

body of evidence for each outcome. To judge the risk of bias in each
domain, we applied a priori instructions (Li et al., 2018b), which were
adapted from an ongoing Navigation Guide systematic review (Lam
et al., 2016a), and further described in our protocol (Descatha et al.,
2018).

All risk of bias assessors jointly trialled the application of the risk of
bias criteria until they had synchronized their understanding and ap-
plication of these criteria. Two or more study authors independently
assessed the risk of bias for each study by outcome. Where individual
assessments differed, a third author resolved the conflict. For each in-
cluded study, we reported the risk of bias assessment by domains in a
standard ‘Risk of bias’ table (Higgins et al., 2011). For the entire body of
evidence, we presented the study-level risk of bias ratings by domains
in a ‘Risk of bias summary’ figure (Higgins et al., 2011).

3.8. Synthesised evidence (including conducted meta-analysis)

We conducted meta-analyses separately for estimates of the effect
on stroke prevalence, incidence, and mortality. If we found two or more
studies with an eligible effect estimate, two or more review authors
independently investigated the clinical heterogeneity (Deeks et al.,
2011) of the studies in terms of participants (including country, sex, age
and industrial sector or occupation), level of risk factor exposure,
comparator, and outcomes following our protocol (Descatha et al.,
2018). If the effect estimates differed considerably by WHO region, sex,
and/or age, or a combination of these, then we synthesised evidence for
the relevant populations defined by these variables, or combination
thereof. If we found effect estimates to be clinically homogeneous
across WHO regions, sex, and/or age groups, then we combined studies
from all these populations into one pooled effect estimate that would be
applied across all combinations of WHO regions, sexes, and age groups
in the WHO/ILO Joint Estimate.

If we judged two or more studies for the relevant combination of
WHO region, sex, and age group, or combination thereof, to be suffi-
ciently clinically homogeneous to potentially be combined using
quantitative meta-analysis, then we tested the statistical heterogeneity
of the studies using the I2 statistic (Figueroa, 2014). If two or more
clinically homogeneous studies were found to be sufficiently homo-
geneous statistically to be combined in a meta-analysis, we pooled the
RRs of the studies in a quantitative meta-analysis, using the inverse
variance method with a random effects model to account for cross-study
heterogeneity (Figueroa, 2014). Meta-analyses were conducted in
RevMan 5.3.

We did not quantitatively combine data from studies with different
designs (e.g. we did not combine cohort studies with case-controls
studies) or levels of adjustment (e.g., we did not combine unadjusted
models with adjusted models). We only pooled studies that we judged
to have a minimum acceptable level of adjustment for the three core
confounders identified (Fig. 1, Section 3.4.5).

If we found studies with “pure” outcome definitions (i.e. capturing
exclusively either non-fatal or fatal stroke events) and “mixed” outcome
definitions (i.e. capturing any stroke events, whether non-fatal or fatal),
then we conducted “exploratory subgroup analyses” in which we sub-
grouped studies by “pure” versus “mixed” outcome definitions. Before
conducting these analyses, we formulated the following rules for de-
termining inclusion of these studies in quantitative meta-analyses:

• If there was no evidence for (meaningful) subgroup differences, then
we would pool studies with “mixed” and “pure” outcome defini-
tions.
• If there was evidence for (meaningful) subgroup differences, then
we would not pool studies with “mixed” and “pure” outcome defi-
nitions.

If quantitative synthesis was not feasible (for instance, due to dif-
ferent exposure levels than defined above), we synthesised the study
findings narratively and identified the estimates that we judged to be
the highest quality evidence available.

3.9. Conducted subgroup and sensitivity analyses

We conducted subgroup analyses for the main meta-analysis and
comparison of interest (i.e., the meta-analysis of cohort studies for the
comparison of worked ≥55 h/week versus worked 35–40 h/week). We
conducted subgroup analyses by:

• WHO region.
• Sex.
• Age group.
• Socio-economic status (SES).
• Type of stroke (ischaemic versus haemorrhagic).

There were insufficient data to conduct subgroup analyses by oc-
cupation, industrial sector, and formality of economy.

We conducted the following sensitivity analyses:

• Studies with exclusively non-fatal or fatal stroke events, compared
with studies with “mixed” (non-fatal and/or fatal) stroke events.
• Studies judged to be of “high”/“probably high” risk of bias in any
domain, compared with “low”/“probably low” risk of bias in all
domains.
• Studies with documented or approximated ICD-10 diagnostic codes
(e.g., as recorded in administrative health records), compared with
studies without ICD-10 diagnostic codes (e.g., self-reports).
• Studies with different effect estimates (e.g., risk versus odds versus
hazard rate ratios)
• Studies with approximate comparator definition (e.g. 7–8 h/day),
compared with strict comparator definition (i.e., 35–40 h/ week).

We did not conduct sensitivity analysis on risk of bias from conflict
of interest, as no included study was rated as “high”/“probably high” on
this domain.

3.10. Assessed quality of evidence

We assessed quality of evidence using a modified version of the
Navigation Guide quality of evidence assessment approach (Lam et al.,
2016a). The approach is based on the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) approach
(Schünemann et al., 2011) adapted specifically to systematic reviews in
occupational and environmental health (Morgan et al., 2016).

At least two review authors assessed quality of evidence for the
entire body of evidence by outcome, with any disagreements resolved
by a third review author. We adapted the latest Navigation Guide in-
structions (Lam et al., 2016c) for grading the quality of evidence and
presented the adapted instructions in our protocol (Descatha et al.,
2018). We downgraded the quality of evidence for the following five
reasons: (i) risk of bias; (ii) inconsistency; (iii) indirectness; (iv) im-
precision; and (v) publication bias (Balshem et al., 2011). These items
were considered downgrades if they could not be explained. When our
systematic review had included ten or more studies, we aimed to gen-
erate an Egger’s funnel plot to judge concerns on publication bias. If it
included nine or fewer studies, we judged the risk of publication bias
qualitatively.

We graded the quality of the entire body of evidence by outcome,
using the three Navigation Guide standard quality of evidence ratings:
“high”, “moderate” and “low” (Lam et al., 2016a). Within each of the
relevant domains, we rated the concern for the quality of evidence,
using the ratings “none”, “serious” and “very serious”. As per Naviga-
tion Guide, we started at “high” for randomized studies and “moderate”
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for observational studies. Quality was downgraded for a serious con-
cern by one grade (−1) and for a very serious concern by two grades
(−2). We upgraded the quality of evidence for large effect, dose–r-
esponse, and residual confounding and bias not possibly explaining the
effect. There had to be compelling reasons to upgrade or downgrade. If
we had a serious concern for risk of bias in a body of evidence con-
sisting of observational studies (−1), but had no other concerns, and
had no reasons for upgrading, then we downgraded the quality of
evidence by one grade from “moderate” to “low”.

3.11. Assessed strength of evidence

Our systematic review included observational epidemiologic studies
of human data only, and no other streams of evidence (e.g. no studies of
non-human data). The standard Navigation Guide methodology (Lam
et al., 2016a) allows for rating human and non-human animal studies
separately, and then combining the strength of evidence for each stream
for an overall strength of evidence rating. However, the Navigation
Guide also allows for rating one stream of evidence based on the factors
described above (i.e., risk of bias, indirectness, inconsistency, im-
precisions, publication bias, large magnitude of effect, dose–response,
and residual confounding) to arrive at an overall rating of the quality of
evidence as ‘high’, ‘moderate’ or ‘low’ (see above and the protocol). The
approach of evaluating only the human evidence stream is consistent
with the GRADE methodology that has adopted the Bradford Hill con-
siderations (Schunemann et al., 2011). So, using the method above
based on the Navigation Guide incorporates the considerations of
Bradford Hill (Table 3).

An additional step described in the protocol integrates the quality of
the evidence (as described above) with other elements including di-
rection of effect, confidence in the effect, and other compelling attri-
butes of the data that may influence our certainty to allow for an overall
rating that consists of “sufficient evidence of toxicity/harmfulness”,
“limited evidence of toxicity/harmfulness”, “inadequate evidence of
toxicity/harmfulness” and “evidence of lack of toxicity/harmfulness”
based on human evidence. This approach to evaluate only the human
evidence has been applied in previous systematic reviews (Lam et al.,
2017; Lam et al., 2016a, 2016b) and verified by the US National
Academy of Sciences (National Academies of Sciences 2017). It also
provides two steps that integrate Bradford Hill criteria (evaluating the
quality of the evidence and then evaluating the overall strength of
evidence). Finally, the GRADE quality of evidence ratings (which are
the same as for Navigation Guide) are analogous to the final ratings
from Bradford Hill for causality (Schunemann et al., 2011) (Table 4).

4. Results

4.1. Study selection

Of the total of 7522 individual study records identified in our
searches, 6 records reporting results from 22 studies fulfilled the elig-
ibility criteria and were included in the systematic review (Fig. 2). For
the 30 excluded studies that most closely resembled inclusion criteria,
the reasons for exclusion are listed in Appendix 2 in the Supplementary
data. Of the 22 included studies, all were included in the quantitative
meta-analysis (Fig. 2).

4.2. Characteristics of included studies

The characteristics of the included studies are summarized in
Table 5.

4.2.1. Study type
Twenty (20) cohort studies and two case-control studies were in-

cluded. The type of effect estimates most commonly reported were
hazard and odds ratios (10 studies each), and rate/risk ratios (2 stu-
dies). All included studies adjusted for the minimum set of pre-specified
confounders. Some retrospective cohort and case-controls studies also
adjusted for further potential confounders (Table 5).

4.2.2. Population studied
The included studies captured a total of 839,680 workers (364,616

females and 475,064 males). All but one of the studies (21) examined
both female and male workers; one study captured males only (Hayashi
et al., 2019). The studied age groups were working age (18–74 years at
maximum range, mostly 20–65 years), with mean age varying between
39 and 54 years.

Study populations represented the WHO regions of Europe (13
studies from five countries), the Americas (six studies from one
country), and the Western Pacific (three studies from two countries).
The most commonly studied countries were the USA (six studies),
Denmark (four studies), and Finland, Sweden, and the Republic of
Korea (2 studies each).

Most studies did not provide quantitative breakdowns of partici-
pants by industrial sector and occupation. However, all included studies
appeared to cover several industrial sectors and occupations. Only one
study (Fadel et al., 2019) provided breakdowns by industrial sector and
on occupations at the one digit level of the 2008 International Standard
Classification of Occupations (ISCO08) (International Labour
Organization 1987).

Table 3
Bradford Hill considerations and their relationship to GRADE and the Navigation Guide for evaluating the overall quality of the evidence for human observational
studies.

Bradford Hill GRADE Navigation Guide

Strength Strength of association and imprecision in effect
estimate

Strength of association and imprecision in effect estimate

Consistency Consistency across studies, i.e., across different
situations (different researchers)

Consistency across studies, i.e., across different situations (different researchers)

Temporality Study design, properly designed and conducted
observational studies

Study design, properly designed and conducted observational studies

Biological Gradient Dose response gradient Dose response gradient
Specificity Indirectness Indirectness
Coherence Indirectness Indirectness
Experiment Study design, properly designed and conducted

observational studies
Study design, properly designed and conducted observational studies

Analogy Existing association for critical outcomes leads to not
downgrading the quality, indirectness

Existing association for critical outcomes leads to not downgrading the quality, indirectness.
Evaluating the overall strength of body of human evidence allows consideration of other
compelling attributes of the data that may influence certainty.

Footnotes: Adapted from (Schünemann et al., 2011).
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4.2.3. Exposure studied
All studies measured exposure to long working hours with either

self-reported questionnaires or face-to-face interviews. Other measures
such as official or company records were not used.

4.2.4. Comparator studied
The comparator for almost all studies (19) was the minimum risk

exposure level: 35–40 h/week (standard working hours). Three studies
reported the comparator in a non-preferred unit (i.e. hours/day), which
we converted to the preferred unit of hours/week:

• The Kim case-control study (Kim et al., 2013) reported the com-
parator as 5–8 h/day (converted to 25–39.9 h/week); we judged the
impact on results of this approximate definition as likely to be small
(if any) because very few workers reported working <7 h per day
(<35 h/week) in this study.
• The Japan public health center-based prospective (JPHC) study
cohort II used in the Hayashi et al. study (Hayashi et al., 2019) used
a comparator of 7–9 h/day (converted to 35–45 h/week), with most
participants reporting working 44 h/week, with no information re-
ported on part-time work.
• The Constances study reported by Fadel et al. (2019) used a Yes/No
question on working greater than 10 h/day for at least 50 days/year
(part time jobs were excluded).

We considered that these studies provided reasonable approxima-
tions of the hours/week definitions used in the study protocol, and
performed additional sensitivity analyses to check for heterogeneity by
approximate versus exact comparator definition (see Section 3.9).

4.2.5. Outcomes studied
No studies reported any evidence on the outcome of stroke pre-

valence.
Twenty-one studies (19 cohort studies and two case-control studies)

reported evidence on the outcome “Acquired stroke” (or stroke in-
cidence). Of these, nine studies (seven cohort studies and two case-
control studies) defined the outcome as incidence of a non-fatal stroke
event, and 12 studies (all cohort studies) as an incident event that was
either non-fatal or fatal (“mixed”). Incident stroke was defined as first
time event in 16 studies and as retrospective lifetime new episode of
stroke in one study (Fadel et al., 2019). Most of these studies used

administrative data (8) and one study used physician interviews. The
time between the exposure and the outcome studied varied from 8 years
to 20 years (and working time in a respective study) for incidence of
stoke, and 8 to 20 years for mortality from stroke.

Thirteen studies (all cohort studies) reported evidence on the out-
come “died due to stroke” (stroke mortality). One of these studies de-
fined the outcome as a fatal stroke event, and 12 studies used a “mixed”
outcome definition including both fatal and/or non-fatal stroke events.

4.3. Risk of bias at individual study level

4.3.1. Acquired stroke (stroke incidence)
The risk of bias ratings for each domain for all 21 included studies

for this outcome are presented in Fig. 3, and the justification for each
rating for each domain by included study is presented in Appendix 4 in
the Supplementary data. In assessing the quality of evidence for the
incidence of stroke, we prioritized the evidence from the 19 cohort
studies as the main evidence for the outcome due to less risk of bias
(Fig. 3) and we deprioritized the evidence from case-control studies as
supporting evidence only.

4.3.1.1. Selection bias. Selection bias was assessed by determining
whether the groups being compared were the same in all relevant
ways (or as close to this as possible) apart from the exposure. For the 19
cohort studies included for this outcome, selection bias was rated high
for one study (Hayashi et al., 2019) because data were collected from
only one prefecture (out of six possible regions) and because female
workers were excluded (Tsugane et al., 2001, Li et al., 2019, see specific
comment in Appendix 4). Selection bias was rated as probably high for
seven studies (Kivimaki 2015 - ACL 1986, Kivimaki 2015 – COPSOQ I
1997, Kivimaki 2015 – COPSOQ II 2004, Kivimaki 2015 – FPS 2000,
Kivimaki 2015 – HESSUP 1998, Kivimaki 2015 – IPAW 1996, Kivimaki
2015 – Whitehall II 1991) based on only a specific population or
industry being included and a very low study participation rate;
probably low for seven studies (Hannerz et al., 2018, Kivimaki 2015 -
MIDUS 1995, Kivimaki 2015 – PUMA 1999, Kivimaki 2015 – WLSG
1992, Kivimaki 2015 – WLSS 1993, Kivimaki 2015 – WOLF N 1996,
Kivimaki 2015 – WOLF S 1992) because of either low study
participation rate (<70%) with possible difference between
responders and non-responders, or only indirect evidence being
available on inclusion criteria, recruitment and enrolment procedures;

Table 4
Interpretation of the GRADE ratings of the overall quality of evidence and the Navigation Guide ratings for strength of evidence evaluation.

GRADE rating for
quality of evidence

Interpretation of GRADE rating Navigation Guide rating for
strength of evidence for
human evidence

Interpretation of Navigation Guide rating

High There is high confidence that the true effect lies close to
that of the estimate of the effect.

Sufficient evidence of
harmfulness

A positive relationship is observed between exposure and
outcome where chance, bias, and confounding can be ruled
out with reasonable confidence. The available evidence
includes results from one or more well-designed, well
conducted studies, and the conclusion is unlikely to be
strongly affected by the results of future studies.

Moderate There is moderate confidence in the effect estimate: the
true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different.

Limited evidence of
harmfulness

A positive relationship is observed between exposure and
outcome where chance, bias, and confounding cannot be
ruled out with reasonable confidence. Confidence in the
relationship is constrained by such factors as: the number,
size, or quality of individual studies, 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.

Low The panel’s confidence in the effect estimate is limited: the
true effect may be substantially different from the
estimate of the effect

Inadequate evidence of
harmfulness

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 assessment of effects.

Very Low There is little confidence in the effect estimate: the true
effect is likely to be substantially different from the
estimate of effect.

Footnotes: Adapted from (Schunemann et al., 2011) and (Lam et al., 2016a).
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and low for four studies for which we had no or only minor concerns for
risk of bias from selection.

For case-control studies, the risk of selection bias was rated prob-
ably high in both studies. Indeed, unlike cohort studies, most case-
control studies due to their high selectivity in from where they drew the
cases or controls did not adequately represent their target population.

4.3.1.2. Performance bias. For the included cohort studies, blinding of
study participants and study personnel to exposure assignment and to
study participants’ characteristics was usually not mentioned. Because
data were extracted from multipurpose studies that include many other
exposures and outcomes we rated all cohort studies as probably low risk
of performance bias.

For the two case-control studies, the risk of performance bias was
rated as probably low in one study (Jeong, 2013) because there was
only indirect evidence that the study personnel were blinded to ex-
posure assignment or participants’ characteristics; there was no concern
about blinding of study personnel in the other case-control study (Kim,
2013), which we rated as low risk of performance bias.

4.3.1.3. Detection bias (exposure assessment). For cohort studies,

although an objective assessment of the exposure would have reduced
the risk of detection bias by self-reported exposures, we judged that
standard self-reported assessment of exposure did not introduce a
noteworthy risk of detection bias. Self-reports of (long) working hours
have been validated against objective measures of long working hours
(Imai et al., 2016). Other data coming from physician working hours
also showed good validity of such self-reported work-exposures (Todd
et al, 2010; Saunders et al., 2005). In addition, self-report might be
more representative of the total work exposure (mail, phone, social
network), including any secondary jobs (Aziz et al., 2019). In our
opinion it is unlikely that use of self-reported exposures in the included
cohort studies introduced any substantial detection bias. We
consequently rated all studies as probably carrying a low risk of
detection bias in the exposure assessment.

For case-control studies, we rated risk of detection bias as probably
low in all studies. We again judged that self-report of (long) working
hours was unlikely to have introduced any substantial risk of detection
bias, since such subjective measures have been validated against ob-
jective measures of long working hours (e.g. Imai et al., 2016).

4.3.1.4. Detection bias (outcome assessment). For the included cohort

Fig. 2. Flow diagram of study selection.
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studies, the 10 studies with mixed outcome definition that comprised
both fatal and non-fatal stroke events used administrative data, either
physician-based clinical diagnoses or ICD-coded records. Therefore, we
rated risk of detection bias for these studies as low or probably low. For
the incidence studies based on self-reported outcome data, our rating
for detection bias was probably low. In the previous meta-analysis by
Kivimaki et al. no difference was observed in subgroup analyses with
and without self-report, an observation repeated by Wong et al more
recently (Kivimaki et al., 2015a; Wong et al., 2019). Fair validity of self-
reported stroke for clinical practice is established (Woodfield et al.,
2015a; Woodfield et al., 2015b). The clinical experts in our group
(neurologists, emergency physicians) indicated that self-report of a
previous stroke is generally considered as a stroke in clinical practice.
Though appropriate QA/QC for methods were not clearly specified for
all included studies, we judged risk of detection bias in the outcome
assessment to be probably low or low.

For case-control studies, all the included studies were rated as low
risk of detection bias, because the definition of cases was based on di-
agnostic procedures including interviews conducted by trained inter-
viewers (Jeong et al., 2013) and imaging and clinical examinations
(Kim et al., 2013).

4.3.1.5. Confounding. For cohort studies, 18 included studies
calculated effect estimates using appropriate statistical models that
adjusted for confounding by the minimum set of confounders (age, sex,
and SES) that we had pre-specified in our protocol. The only exception
was Hayashi et al. (2019), which was restricted to male participants and
did not adjust for confounding by sex (Hayashi et al., 2019). Some
studies also controlled for potential other confounders, mediators, and/
or moderators and/or reported that additional factors were controlled
for but did not affect the results (Fadel et al., 2019; Hayashi et al., 2019;
Jeong et al., 2013; Kim et al., 2013). All studies were rated as probably
low risk of confounding.

The two included case-control studies calculated effect estimates
using appropriate statistical models that adjusted for confounding by
the minimum set of confounders pre-specified in our protocol. These
studies were considered probably low risk for confounding.

4.3.1.6. Selection bias (incomplete outcome data). In all 19 included
cohort studies, we judged that participants were followed up for a
sufficient length of exposure to long working hours (at least 5 years) for
them to reasonably have acquired the outcome due to this exposure.
The proportion of outcome data missing at follow-up over time, as
documented at study terminus, was acceptably low (i.e. <20%). There
was balance across exposure groups in the survey non-response at

baseline, item non-response at baseline, missing participants at final
follow up and missing outcome data at final follow-up, with similar
reasons for missing study participants and/or outcome data across
groups (if reported), and/or the missing outcome data were imputed
using appropriate statistical methods.

Based on these considerations, we judged most of the cohort studies
to have probably low risk of selection bias due to incomplete outcome
data, except three studies with an attrition over 20% that might lead to
bias (Kivimaki 2015 – Alameida 1973, Kivimaki 2015 - MIDUS 1995,
Kivimaki 2015 – WLSS 1993)

For case-control studies, outcome data were complete, with no
outcome data missing from any study participant by definition.
Therefore, all studies were rated as probably low risk.

4.3.1.7. Reporting bias. In all cohort studies with pre-published
protocols, the outcomes were reported in the included study record as
they had been pre-specified in the protocol. In the cohort studies
without a pre-published protocol, the outcomes were reported in the
results sections of the study records as they had been anticipated in the
abstracts and methods sections in the study record, and we also did not
find any other evidence that reporting may have been biased. We
consequently judged risk of reporting bias as probably low in all
published cohort studies, while we considered it not applicable for
the included unpublished studies because none of these were originally
designed to study the effect of exposure to long working hours on
stroke.

For case-control studies, there was no concern for selective re-
porting bias, as the outcomes were reported in the results sections of the
study records as they had been anticipated in the abstracts and methods
sections in the study record. However, as we had to request the authors
to provide additional data and to re-run some analysis, we rated all
studies as having probably low risk of reporting bias.

4.3.1.8. Conflict of interest. None of the included studies received
financial support from a company or other entity with a financial
interest in the study findings. All were funded by public research
agencies or related organizations that were free from commercial
interests in the study findings; were authored only by persons who
were not affiliated with companies or other entities with vested
interests; and/or no conflict of interest was declared by study authors.

Therefore, we rated 18 studies as having low risk of bias from
conflict of interest. The only exception was one cohort study that was
rated as probably low risk of bias from conflict of interest, because the
study authors did not explicitly report the lack of conflict of interest,
although there was no evidence of commercial interests influencing the

Fig. 3. Summary of risk of bias, Acquired stroke (non-fatal and mixed non-fatal/fatal stroke). Footnotes: N/A = not applicable.
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study (Kivimaki 2015 – Alameda 1973).
Similarly, we judged all case-control studies to have low risk of bias

in this domain, because these studies were also conducted exclusively
by researchers who were publicly funded, and we also found no evi-
dence of commercial interests influencing these studies.

4.3.1.9. Other risk of bias. We also considered other types of bias for
cohort studies. In Fadel, the retrospective design might have led to a
bias in interpretation (Fadel et al., 2019). However, the analyses with
exposure lag time led us to rate the risk of this potential bias as
probably low. We also considered short periods of follow-up time along
with the rarity of the event, and possible healthy workers effects in our
rating of probably low risk of bias for the cohort studies.

For the case-control studies, we considered whether inclusion of
recurrent stroke might have produced a bias, but did not find a study
reporting data on first and recurrent stroke. We also considered po-
tential bias due to missing information on stroke diagnosis. However,
given the selection criteria, such bias seemed unlikely. Therefore, we
rated all studies as probably low risk.

4.3.2. Died from stroke
The risk of bias ratings for each domain for all included studies for

this outcome are presented in Fig. 4, and the justification for each rating
for each domain by included study is presented in Appendix 5 in the
Supplementary data. We judged the risk of bias to be probably low in all
included studies (Fig. 4). No case-control studies were included.

4.3.2.1. Selection bias. The only mortality study (O'Reilly and Rosato
2013, cited in Kivimaki et al., 2015a) was considered low risk of bias.
From mixed fatal/non-fatal studies (already detailed, see also Fig. 4,
Appendix 5), two were classified as low risk and another four were
probably low risk of selection bias; one study was rated at high risk, and
six at probably high risk. So, we rated selection bias between probably
high and low.

4.3.2.2. Performance bias. Blinding of group assignment is usually not
mentioned in the study records. However, there is a very low
probability of risk of bias due to potential impact of knowledge of
group assignment on exposure or outcome, particularly as outcome is
mostly assessed by administrative data or death register data.
Therefore, all studies are rated as probably low risk.

4.3.2.3. Detection bias (exposure assessment). Although an objective
assessment of the exposure would have strengthened the quality, the

uniform standard self-report assessment of exposure was considered to
reduce this detection bias. The validity of this information was shown
to be quite high (Imai et al., 2016), and it is unlikely that reduced
precision of measurement exerted a systematic bias. Therefore, all
studies were rated as probably low risk.

4.3.2.4. Detection bias (outcome assessment). All studies with mixed
fatal and non-fatal stroke outcomes used administrative data, either
physician-based clinical diagnoses or stroke-classified records. Studies
used death registry data with specific ICD codes were very accurate. For
each included study, we consequently rated the risk of bias to be low.

4.3.2.5. Confounding. Studies appropriately accounted for most, but
not all of the important confounders. Included confounders were age,
sex, and socioeconomic status. Some studies additionally controlled for
further factors that could act as mediators or moderators, or reported
that additional factors were controlled for but did not affect the results.
All reports used appropriate statistical techniques of confounder
control. As these procedures are not expected to introduce substantial
bias, all studies were rated as probably low risk at the individual study
level.

4.3.2.6. Selection bias (incomplete outcome data). Participants were
followed long enough to obtain outcome measurements. Any one of
the following criteria may have been additionally applied: (1) Attrition
or missing data were balanced in numbers across exposure groups, with
similar reasons for missing data across groups; (2) Missing data were
imputed using appropriate methods; (3) more than 50% of the baseline
population was followed-up with outcome data. Based on these
considerations, all studies were rated as probably low risk of bias.

4.3.2.7. Reporting bias. All the studies’ pre-specified outcomes were
outlined either in the pre-published protocol or in the published
manuscript (Abstract and/or Methods sections). A respective bias is
therefore unlikely, and all studies were rated as probably low risk.

4.3.2.8. Conflict of interest. All cohort studies did not receive support
from a company or other entity having a financial interest in the
outcome of the study; were funded by public research agencies or
related organizations that were free from commercial interests in study
findings; had authors unaffiliated with companies or other entities with
vested interests, but instead were mostly affiliated with public
institutions or organizations; and/or had study authors declaring no
conflict of interest. Therefore, all studies were rated low risk of bias.

Fig. 4. Summary of risk of bias, Died from stroke. Footnotes: N/A = Not applicable.
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4.3.2.9. Other risk of bias. We did not find any evidence to assume high
or probably high risk of other types of risk of bias in these studies.
Similarly to acquired stroke, this category of bias was classified as
probably low taking into account similar confounders.

4.4. Synthesis of results

4.4.1. Outcome: Has stroke (stroke prevalence)
No eligible study was found on the effect of long working hours on

stroke prevalence.

4.4.2. Outcome: acquired stroke (stroke incidence)
4.4.2.1. Comparison: worked 41–48 h/week, compared with worked
35–40 h/week. A total of 20 studies (18 cohort studies and two case-
control studies) with a total of 281,139 participants reported data on
this comparison for this outcome. We analysed evidence from cohort
studies separately from case-control studies. Because we judged cohort
studies to carry a lower risk of bias than case-control studies (Section
4.3.1), our main meta-analysis for this comparison is of the cohort
studies.

Eighteen cohort studies with a total of 277,202 participants from
three WHO regions reported estimates of the effect of exposure to long
working hours on the risk of acquiring stroke when working 41–48 h/
week, compared with 35–40 h/week. These studies were somewhat
heterogeneous in that six studies defined the outcome as a non-fatal
stroke event (Kivimaki 2015 -ACL, Kivimaki 2015 -Alameda, Kivimaki
2015 –MIDUS, Kivimaki 2015 -NHANES I, Kivimaki 2015 -WLSG,
Kivimaki 2015 -WLSS), whereas 12 of the studies defined the outcome
as a non-fatal or fatal (or “mixed”) stroke event (Hannerz et al., 2018,
Hayashi et al., 2019, Kivimaki 2015 -COPSOQ-I, Kivimaki 2015
-COPSOQ-II, Kivimaki 2015 –DWECS, Kivimaki 2015 -FPS, Kivimaki
2015 -HeSSup, Kivimaki 2015 -IPAW, Kivimaki 2015 -PUMA, Kivimaki
2015 –Whiteall II Kivimaki 2015 - WOLF-N, Kivimaki 2015 -WOLF-S).
Because fatal and non-fatal stroke events share an identical pathophy-
siological basis we considered studies with “pure” non-fatal events and
studies with both fatal and non-fatal (“mixed”) events to be sufficiently
homogeneous clinically be included in the same meta-analysis
(Kivimaki et al., 2015a; Li et al., 2020). Subgrouping “pure” non-fatal
and “mixed” event studies demonstrated no evidence for subgroup
differences (Appendix 4), suggesting that these studies are sufficiently
homogeneous statistically to be combined. There did not appear to be

an increased risk of acquiring stroke in people working 41–48 h/week
compared with people working 35–40 h/week (relative risk (RR) 1.04,
95% CI 0.94–1.14, 18 studies, 277,202 participants, I2 0%; Fig. 5).

Two case-control studies included a total of 3,937 participants. The
combined analysis had a large confidence interval indicating a non-
significant protective effect of acquiring stroke (OR 0.68, 95% CI
0.13–3.43, 2 studies, 3,937 participants, I2 89%, Fig. 6).

4.4.2.2. Comparison: worked 49–54 h/week, compared with worked
35–40 h/week. A total of 19 studies (17 cohort studies and two case-
control studies) with a total of 279,118 participants reported data on
this comparison for this outcome. We again meta-analysed evidence
from cohort studies separately from that from case-control studies and
prioritized evidence from cohort studies over that from case-control
studies, as outlined above (Section 4.4.2.1). Our main meta-analysis for
this comparison for this outcome again is also that of the eligible cohort
studies.

Seventeen cohort studies with a total of 275,181 participants from
three WHO regions reported estimates of the effect of exposure to long
working hours on the risk of acquiring stroke when working 41–48 h/
week, compared with 35–40 h/week. These studies were somewhat
heterogeneous in that six studies defined the outcome as a non-fatal
stroke event (Kivimaki 2015 -ACL, Kivimaki 2015 -Alameda, Kivimaki
2015 –MIDUS, Kivimaki 2015 -NHANES I, Kivimaki 2015 -WLSG,
Kivimaki 2015 -WLSS), whereas 11 of the studies defined the outcome
as a non-fatal or fatal (or “mixed”) stroke event (Hannerz et al., 2018,
Hayashi et al., 2019, Kivimaki 2015 -COPSOQ-I, Kivimaki 2015
-COPSOQ-II, Kivimaki 2015 –DWECS, Kivimaki 2015 -FPS, Kivimaki
2015 -HeSSup, Kivimaki 2015 -PUMA, Kivimaki 2015 –Whiteall II Ki-
vimaki 2015 - WOLF-N, Kivimaki 2015 -WOLF-S). As with the previous
comparison for the same outcome, and as done previously (Li et al.,
2020), we again judged these studies to be sufficiently homogeneous
clinically to potentially be combined, again found no evidence for
subgroup differences between studies defined by these outcome defi-
nitions (Appendix 4), and therefore again decided to combine these
studies in one meta-analysis, as has also been done previously (Kivi-
maki et al., 2015a; Virtanen and Kivimaki, 2018). There appear to be a
small increased risk of acquiring stroke in people working 49–54 h/
week compared with people working 35–40 h/week (RR 1.13, 95% CI
1.001–1.275, 17 studies, 275,181participants, I2 0%, p 0.048, Fig. 7).

The two case-control studies with eligible evidence including a total

Fig. 5. Main meta-analysis of prioritized evidence (cohort studies), Outcome: acquired stroke. Comparison: worked 41–48 h/week compared with worked 35–40 h/
week. Footnote: The approximate comparator for Hayashi 2019 was 35–45 h/day (vs. 45–55 h/week).
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of 3,937 participants, with two approximated categories (50–54 and
45–60 h/week) and found opposite results, with a combined OR
showing reduced risk of acquiring stroke, with upper CI above 1 (OR
0.91, 95% CI 0.35–2.37, 2 studies, 3,937 participants, I2 89% Fig. 8).

4.4.2.3. Comparison: worked ≥55 h/week, compared with worked
35–40 h/week. A total of 18 studies (16 cohort studies and 2 case-
control studies) with a total of 416,279 participants reported data on
this comparison for this outcome. We again meta-analysed evidence
from cohort studies separately from that from case-control studies, and
prioritized evidence from cohort studies over that from case-control
studies as described above.

Sixteen cohort studies with a total of 412,742 participants from
three WHO regions reported estimates of the effect of exposure to long
working hours on the risk of acquiring stroke when working ≥55 h/
week, compared with working 35–40 h/week. The included studies
were again somewhat heterogeneous in outcome definition, with seven
studies defining the outcome as a non-fatal stroke event (Fadel 2019,
Kivimaki 2015 -ACL, Kivimaki 2015 -Alameda, Kivimaki 2015 –MIDUS,
Kivimaki 2015 -NHANES I, Kivimaki 2015 -WLSG, Kivimaki 2015
-WLSS) and 9 studies defining the outcome as a non-fatal or fatal (or
“mixed”) stroke event (Hannerz et al., 2018, Hayashi et al., 2019, Ki-
vimaki 2015 -COPSOQ-I, Kivimaki 2015 -COPSOQ-II, Kivimaki 2015
–DWECS, Kivimaki 2015 -FPS, Kivimaki 2015 -HeSSup, Kivimaki 2015
–Whiteall II, Kivimaki 2015 -WOLF-S). Contrary to the previous section,
though these studies might have been sufficiently homogeneous clini-
cally to potentially be combined, there was a significant group differ-
ence with large heterogeneity I2 = 74% p = 0.05) precluding con-
sideration as a mixed group. Only the seven studies with the outcome as
a non-fatal stroke event were included here (Appendix 4). There

appeared to be an increased risk of acquiring stroke in people working
≥55 h/week compared with people working 35–40 h/week (RR 1.35,
95% CI 1.13 to 1.61, 7 studies, 162.644 participants, I2 3%, Fig. 9).

The two case-control studies with eligible evidence included a total
of 3,937 participants, and indicated a significant effect of acquiring
stroke (OR 1.96, 95% CI 1.50 to 2.55, 2 studies, 3,937 participants,
Fig. 10).

4.4.3. Outcome: died from stroke
4.4.3.1. Comparison: worked 41–48 h/week, compared with worked
35–40 h/week. A total of 12 cohort studies with a total of 265,937
participants from one WHO region reported estimates of the effect of
exposure to long working hours on the risk of dying from stroke when
working 41–48 h/week, compared with 35–40 h/week. All these
studies defined the outcome as a non-fatal or fatal (or “mixed”)
stroke event. All of these studies could be included in a quantitative
meta-analysis. There did not appear to be an increased risk of dying
from stroke in people working 41–48 h/week compared with people
working 35–40 h/week (RR (1.01, 95% CI 0.91 to 1.12, 12 studies,
265,937 participants, I2 0%, Fig. 11).

4.4.3.2. Comparison: worked 49–54 h/week, compared with worked
35–40 h/week. A total of 11 cohort studies with a total of 256,129
participants from one WHO region reported estimates of the effect of
exposure to long working hours on the risk of dying from stroke when
working 49–54 h/week, compared with 35–40 h/week. Again, all these
included studies defined the outcome as a non-fatal or fatal (or
“mixed”) stroke event, and we again judged these studies to be
sufficiently homogeneous clinically to be combined in a meta-
analysis. There did not appear to be an increased risk of dying from

Fig. 6. Supporting meta-analysis of deprioritized evidence (case-control studies), Outcome: acquired stroke. Comparison: worked 41–48 h/week compared with
worked 35–40 h/week or a similar comparison (40–50 h/week for Jeong 2013 and 45–55 h/week for Kim 2013). Footnote: 40–50 h/week for Jeong 2013 and
45–55 h/week for Kim 2013 vs. 35–45 h/week (approximated).

Fig. 7. Main meta-analysis of prioritized evidence (cohort studies), Outcome: Acquired stroke. Comparison; Worked 49–54 h/week compared with worked 35–40 h/
week. Footnote: The approximate comparator for Hayashi 2019 was 35–45 h/day (vs. 45–55 h/week).

A. Descatha, et al. Environment International 142 (2020) 105746

21



stroke in people working 48–54 h/week compared with people working
35–40 h/week (RR 1.13, 95% CI 0.99 to 1.29, 11 studies, 256,129
participants, I2 0%; Fig. 12).

4.4.3.3. Comparison; worked ≥55 h/week, compared with worked
35–40 h/week. A total of 10 cohort studies with a total of 664,647
participants from two WHO regions reported estimates of the effect of

exposure to long working hours on the risk of dying from stroke when
working ≥55 h/week, compared with 35–40 h/week. These studies
that we pooled in our meta-analysis were somewhat heterogeneous in
that one study defined the outcome as a fatal stroke event (Kivimaki
2015 –O Reilly 2013), whereas nine of the studies defined the outcome
as a non-fatal or fatal (or “mixed”) stroke event (Hannerz et al., 2018,
Hayashi et al., 2019, Kivimaki 2015 -COPSOQ-I, Kivimaki 2015

Fig. 8. Supporting meta-analysis of deprioritized evidence (case-control studies), Outcome: Acquired stroke. Comparison: Worked 49–54 h/week compared with
worked 35–40 h/week (or a similar comparison). Footnote: 50–55 h/week for Jeong 2013, and 45–55 h/week for Kim 2013 vs. 35–45 h/week (approximated).

Fig. 9. Main meta-analysis of prioritized evidence (cohort studies), Outcome: Acquired stroke (incidence only). Comparison: worked ≥55 h/week compared with
worked 35–40 h/week. Footnote: The approximated comparator for Fadel 2019 was less than 10 h/day for more than 50 days a year (versus more than 10 h/day for
more than 50 days a year).

Fig. 10. Supporting meta-analysis of deprioritized evidence (case-control studies), Outcome: Acquired stroke. Comparison; Worked ≥55 h/week compared with
worked 35–40 h/week (or a similar comparison). Footnote: ≥55 h/week for Kim 2013 vs. 35 to 45 h/week (approximated).

Fig. 11. Main meta-analysis (cohort studies). Outcome: Died from stroke. Comparison: Worked 41–48 h/week compared with worked 35–40 h/week. Footnote: The
approximate comparator for Hayashi 2019 was 35–45 h/day (vs. 45–55 h/week).
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-COPSOQ-II, Kivimaki 2015 –DWECS, Kivimaki 2015 -FPS, Kivimaki
2015 -HeSSup, Kivimaki 2015 –Whiteall II, Kivimaki 2015 -WOLF-S).
Applying the same criteria as in case of acquired stroke (Section
4.4.2.3), the heterogeneity of included studies was judged to be low.
All these studies could consequently be included in a quantitative meta-
analysis. There did not appear to be an increased risk of dying from
stroke in people working ≥55 h/week compared with people working
35–40 h/week (RR 1.08, 95% CI 0.89–1.31, 10 studies, 664,647
participants, I2 = 20%, Fig. 13).

4.5. Additional analyses

4.5.1. Subgroup analyses
Subgroup analyses were performed for data from the main meta-

analysis (cohort studies) with comparison between the group worked
≥55 h/week and the group worked 35–40 h/week. These analyses
include subgrouping by WHO region, sex, age, industry, occupation,
SES, and type of stroke (Table 6). Because no cohort study reported
effect estimates by subtype of stroke, subgroup analyses by type of
stroke were exceptionally conducted using data from the two included
case-control studies (deprioritized evidence). These subgroup analyses
found no evidence for meaningful subgroup differences by WHO region,
sex, age, SES, and type of stroke. The forest plots are presented in
Appendix 7 in the Supplementary data.

4.5.2. Sensitivity analyses
Sensitivity analyses were also performed for data from the main

meta-analysis (cohort studies) with comparison between the group that
worked ≥55 h/week and the group that worked 35–40 h/week. There

were no meaningful differences by risk of bias, effect estimate mea-
surement and definition of the comparator (Table 7; Appendix 6).

4.6. Quality of evidence

4.6.1. Outcome: acquired stroke (stroke incidence)
4.6.1.1. Comparison: worked 41–48 h/week, compared with worked
35–40 h/week. We did not have any serious concerns regarding risk
of bias in the body of evidence on this comparison for this outcome,
because we judged the risk of bias to be probably low. We also had no
serious concerns regarding inconsistency, specifically regarding the
cohort studies that were judged to be of higher quality. We did not have
serious concerns for indirectness, regarding the combination of the
outcome definition including “mixed” (fatal or non-fatal) events and
non-fatal events. Our exploratory subgroup analyses did not indicate
any difference between mixed events and non-fatal events (Appendix 6
in the Supplementary data). We therefore did not downgrade the
quality of evidence for risk of bias, inconsistency, or indirectness (±0
levels). We had serious concerns for imprecision, given large CIs in the
pooled effect estimates, and we therefore downgraded by one level
(−1). We did not have any serious concerns for publication bias. We
upgraded neither for a large effect estimate, nor for evidence for a
dose–response. In conclusion, we started at “moderate” for
observational studies and downgraded by one level (−1) for
imprecision to a final rating of “low”.

4.6.1.2. Comparison: worked 49–54 h/week, compared with worked
35–40 h/week. As above (4.6.1.1) we had no serious concerns
regarding risk of bias, inconsistency, indirectness, or publication bias.

Fig. 12. Main meta-analysis (cohort studies). Outcome: Died from stroke. Comparison: Worked 49–54 h/week compared with worked 35–40 h/week. Footnote: The
approximate comparator for Hayashi 2019 was 35–45 h/day (vs. 45–55 h/week).

Fig. 13. Main meta-analysis (cohort studies). Outcome: Died from stroke (including mixed studies). Comparison; Worked ≥55 h/week compared with worked
35–40 h/week. Footnote: The approximate comparator for Hayashi 2019 was 35–45 h/day (vs. 45–55 h/week).
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We had serious concerns for imprecision, given large CI in the pooled
effect estimate, and we therefore downgraded by one level (−1). We
did not upgrade for a large effect estimate, but did for evidence of
dose–response. All positive studies except one case-control study (Jeong
et al., 2013) found a dose–response relationship; this caused us to
upgrade the evidence by one level (+1). The Kivimaki 2015 systematic
review (Kivimaki et al., 2015a) also showed that increasing the number
of hours worked per week increased the risk. Fadel 2019 (Fadel et al.,
2019) studied years of exposure and showed a significant gradient with
a threshold at 10 years.

In summary, we neither downgraded nor upgraded our original
classification and therefore concluded with the final rating of “mod-
erate”.

4.6.1.3. Comparison: worked ≥55 h/week, compared with worked
35–40 h/week. As above, we had no serious concerns regarding risk
of bias, inconsistency, indirectness, or publication bias (Fig. 14). We
downgraded by one level for imprecision and upgraded for evidence of
dose–response relationship and therefore concluded with a final rating

of “moderate”.

4.6.2. Outcome: died from stroke
We had the same ratings of quality of evidence for all comparisons

of fatal stroke: worked 41–48 h/week, 49–54 h/week, or ≥55 h/week
compared with worked 35–40 h/week

For all comparisons, we had no serious concerns regarding risk of
bias (only the first domain “selection bias” might raise a possible risk of
bias). We had no serious concerns regarding inconsistency, indirectness,
or publication bias (Fig. 15). We had serious concerns for imprecision,
given the large CI in the pooled effect estimate, and we therefore
downgraded by one level (−1). We did not upgrade for effect size or
dose–response effect. In summary, for all these comparisons we started
at “moderate” for observational studies and downgraded by one level
(−1) for imprecision to a final rating of “low”.

4.7. Assessment of strength of evidence

According to our protocol we rated the strength of evidence based

Table 6
Summary of results from subgroup analyses on long working hours and stroke, cohort studies (and case-control for type of stoke).

Acquired stroke (stroke incidence) Died from stroke (stroke mortality)

WHO region (7 studies) p = 0.86 WHO region (10 studies) p = 0.11
Americas 1.31 (0.94–1.83) Europe 1.15 (0.93–1.41)
Europe 1.36 (1.11–1.67) Western Pacific 0.85 (0.63–1.15)
Sex (2 studies) p = 0.23
Men 1.13 (0.79–1.62)
Women 1.91 (1.04–1.80)
Age (2 studies) p = 0.57
40–45 years 1.02 (0.59–1.76)
45–50 years 1.51 (0.64–3.58)
50–55 years 1.60 (1.10–2.33)
55–60 years 1.68 (1.22–2.31)
60–65 years 2.57 (0.57–11.56)
SES (1 study) p = 0.22 SES p = 0.28
High SES 1.14 (0.18–1.58) High SES 1.24 (0.67–2.30)
Intermediate SES 1.71 (1.19–2.49) Intermediate SES 2.13 (1.31–3.48)
Low SES 1.68 (0.95–2.97) Low SES 1.27 (0.70–2.30)
Industry (1 study) p = 0.28
Private sector 1.47 (1.10–1.96)
Public sector 1.15 (0.82–1.62)
Occupation (1 study) p = 0.11
Managers 1.00 (0.57–1.76)
Professionals 1.29 (0.86–1.94)
Technicians /Associate Professionals 1.27 (0.74–2.20)
Clerical Support Workers 1.63 (0.66–4.02)
Services and Sales Workers 1.11 (0.54–2.26)
Craft and Related Trades Workers 3.07 (1.36–6.94)
Plant and Machine Operators, and Assemblers

2.95 (1.26–6.87)
Elementary Occupations 0.39 (0.09–1.64)
Type of stroke (2 case-control studies) p = 0.65
Haemorrhagic stroke (odds ratio) 1.88 (1.42–2.49)
Ischaemic stroke (odds ratio) 2.21 (1.16–4.21)

Table 7
Summary of results from sensitivity analyses on long working hours and stroke, cohort studies.

Acquired stroke (incidence) Died from stroke (mortality)

Risk of bias (7studies) p = 0.40 Risk of bias (10 studies) p = 0.30
Any “high”/”probably high” 1.35 (0.60–1.97) Any “high”/”probably high” 1.08 (0.89–1.31)
Only “low”/”probably low” 1.40 (1.17–1.67) Only “low”/”probably low” 0.99 (0.80–1.70)
Effect estimate measurement (1 study) p = 0.87
Relative Risk 1.36 (1.10–1.67)
Hazard Rate Ratio 1.27 (1.11–1.47)
Odds Ratio 1.30 (1.13–1.48)
Comparator (7 studies) p = 0.86 Comparator (10 studies) p = 0.11
All homogeneous comparator 1.35 (1.13–1.61) All homogeneous comparator 1.08 (0.89–1.31)
Strict comparator 1.31 (0.94–1.83) Strict comparator 1.15 (0.93–1.41)
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on a combination of four criteria outlined in the Navigation guide: (i)
Quality of the entire body of evidence; (ii) Direction of the effect esti-
mate; (iii) Confidence in the effect estimate; (iv) Other compelling at-
tributes.

4.7.1. Quality of the entire body of evidence
Our meta-analyses are based on 20 cohort studies in total, include a

very large number of participants in different WHO regions, take into
account relevant confounders, and provide a body of evidence sufficient
to assess the harmfulness of the exposure. The analyses document a
moderately increased risk of incident stroke when working ≥55 h/
week compared with working 35–40 h/week, with the lower CI beyond
1.0 and a rather narrow overall CI, with dose–response relationship.
The quality of studies is adequate, given similar study protocols, con-
sistent measurement of exposure and outcome, and clear temporal
distinction between exposure and outcome, including control of reverse

causation by excluding studies with outcomes proximal to exposure
assessment. Overall, risk of bias of these cohort studies is probably low.
We did not consider the evidence of case-control studies in our as-
sessment of quality and strength of evidence, given the lower con-
fidence we have in this study design (though case-control studies give
similar results supporting a threshold effect of working ≥55 h/week).

4.7.2. Direction of the effect estimate
The study results are sufficient to assess the direction of the effect

estimate. For all three exposure categories (41–48 h/week; 49–54 h/
week; ≥55 h/week) no single study documented a negative effect es-
timate (with the higher CI below 1). In the first exposure category, all
studies except one displayed effect estimates around 1.0, the result is
significant at 49–54 h/ week (limit) and in the third exposure category
five studies demonstrated positive effect estimates, with lower CIs be-
yond, or close to 1. Overall, heterogeneity was low.

Fig. 14. Funnel plot of prioritized evidence (cohort studies). Outcome: Acquired stroke, Comparison: Worked ≥55 h/week or more, compared with worked 35–40 h/
week.

Fig. 15. Funnel plot of (cohort studies), Outcome: Died from stroke, Comparison: Worked ≥55 h/week, compared with worked 35–40 h/week.
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4.7.3. Confidence in the effect estimate
There is limited evidence to determine the level of confidence in the

effect estimate for several reasons. First, while studies included analysis
of several relevant confounders that in part can also act as mediators,
no additional data are available on causal pathways linking exposure to
the health outcome under study. Indirect supportive evidence comes
from studies dealing with health-adverse working conditions other than
long working hours, with conditions that implicate identical pathways
from exposure to outcome, such as adverse health behaviours or
chronic psychosocial stress with pathophysiological effects on stroke.
Second, the assumption of a dose–response relationship between the
three exposure categories and the outcome was slightly supported by
our findings. There was no indication of an effect estimate at the lowest
exposure category and perhaps a slightly larger effect at the next lowest
exposure category. An effect estimate with the lower CI above 1 was
found at the third exposure category, ≥55 h/week, indicating a pos-
sible dose response relationship. Third, the magnitude of the effect
estimate was modest, given an overall pooled RR lower than two.
Although even a modest increase in risk in a serious health event can be
relevant for policy when the exposure is highly prevalent (which is
certainly the case with long working hours), this low magnitude of the
effect estimate does not increase our confidence in a causal association.
Fourth, no intervention studies are available that demonstrate a re-
duction of the effect estimate following exposure reduction.

4.7.4. Other compelling attributes
We were not able to access data that could offer evidence for a

discussion of other compelling attributes in assessing the strength of
evidence. In summary, we conclude that there is limited evidence of the
toxicity of long working hours, defined as ≥55 h/week, for elevated
risk of fatal or non-fatal stroke.

Additional assessment of strength of evidence based on the Bradford
Hill criteria is included in Appendix 9 in the Supplementary data.

4.7.5. Rating by outcome and comparison
Based on the considerations presented above, we judged the existing

bodies of evidence as:

• Inadequate evidence for harmfulness for all exposure categories for
stroke prevalence and mortality, and for the exposure category
40–48 h/week for stroke incidence.
• Limited evidence for harmfulness for the exposure category 49–54 h/
week for stroke incidence.
• Sufficient evidence for harmfulness for the exposure category ≥55 h
/week for stroke incidence.

5. Discussion

5.1. Summary of evidence

As shown in the table of summary of findings (Table 8), our sys-
tematic review found no eligible study on the outcome of stroke pre-
valence. It found low quality of evidence of weak or no associations
between the exposure categories of working 41–48 h/week and
working 49–54 h/week and the outcomes of stroke incidence and
mortality, when compared to 35–40 h/week. Based on the other con-
siderations for evaluating the strength of evidence, we concluded that
there was inadequate evidence of harmfulness based on human evi-
dence, including the effects of working ≥55 h/week on risk of fatal
stroke. We found moderate quality evidence of clinically meaningful
associations of working ≥55 h/week with elevated risk of incident
stroke and concluded there is sufficient evidence of toxicity from the
human evidence. Particularly, findings based on cohort studies docu-
mented modest, but relatively robust effects of working ≥55 h/week on
risk of stroke, given the large sample size, the standardized adjustment
for confounding, and the probably low risk of bias. A risk elevation by

35 percent is considered modest, but in view of the high prevalence of
long working hours and considerable incidence/mortality rates of
stroke in working populations, this risk deserves attention in terms of
preventive occupational health measures. Overall, the heterogeneity of
findings is low, and sensitivity analyses confirm the robustness of re-
sults.

5.2. Comparison to previous systematic review evidence

The results of our systematic review are similar to the results of the
only comprehensive prior systematic review and its update (Kivimaki
et al., 2015a; Virtanen and Kivimaki 2018). Both these reviews reported
a potential increased risk of incident fatal and/or non-fatal stroke from
exposure to working long hours, with exposure to ≥55 h/week asso-
ciated an increased RR of 1.33 (95% CI 1.11–1.61) in the 2015 review
of 15 studies, and an RR of 1.21 (95% CI 1.01–1.45) in the 2018 update
of 16 studies (Virtanen and Kivimaki 2018). Our systematic review and
meta-analysis added evidence from two primary studies published in
2019 (Fadel et al., 2019; Hayashi et al., 2019). Our systematic review
found that working ≥55 h/week may have led to a moderately, clini-
cally meaningful increase in the risk of incident stroke (defined as ei-
ther “pure” non-fatal or mixed incident stroke events, but excluding
“pure” fatal events), when followed up between one year and 20 years
(RR 1.35, 95% CI 1.13–1.61, 7 studies, 162,644 participants, I2 3%,
moderate quality of evidence). Applying the Navigation Guide
(Woodruff and Sutton 2014) systematic review methodological frame-
work, and taking all systematic review steps from 1 (protocol devel-
opment and publication) through 7 (strength of evidence assessment),
our systematic review concluded that the reviewed body of research
provides sufficient evidence for harmfulness of the highest exposure
category.

5.3. Limitations and strengths of this systematic review

Our systematic review has several limitations. Although we con-
ducted a broad and sensitive search, that included many academic and
grey literature databases and consultation with additional experts, we
may have missed eligible studies. Considering the large number of in-
cluded studies, the number of participants, and the number of disease
events, it seems unlikely that the overall results would have been af-
fected.

Second, we did not receive a substantial amount of the missing data
we requested from the authors of the studies included in this systematic
review. (Appendix 1) Some uncertainties in the body of evidence could
have been resolved by these missing data. Future systematic reviews
and meta-analyses might benefit from being granted access to more
missing data from included studies.

There were some minor differences in risk of bias assessments in our
study compared to the previous Kivimaki et al., 2015a review. In our
review, we also considered proportion of population inclusion and
sample selection. Their study rated self-reports less favourably, while
we assigned a rating of “probably low” risk of bias. Supporting our
assessment of low risk, Kivimaki et al. (2015a) found no difference in
their sensitivity analyses between self-reported and administrative re-
cords, which was similar to Wong et al. (2019), and the fair accuracy
reported by other studies (Woodfield et al., 2015a, 2015b).

Reverse causality (or health selection) may perhaps be an alter-
native explanation for the elevated risk to stroke incidence that we
found in our systematic review and meta-analysis. However, the
Kivimaki et al. (Kivimaki et al., 2015a) systematic review and meta-
analysis performed a sensitivity analysis that compared studies that
excluded participants with the outcome within three years of the be-
ginning of the study (lower risk of reverse causation) with studies that
included these participants (higher risk of reverse causation). This
sensitivity analysis found no evidence of any meaningful differences.
Most studies included in the systematic review excluded participants
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with the outcome at or just after baseline. The Fadel study (Fadel et al.,
2019), for example, excluded participants with the outcome in the first
5 years. It also seems unlikely that workers who suffer a stroke would
work longer hours after the event than before. The probability that
reverse causation could explain the elevated risks found in this sys-
tematic review is low.

Adjustments for various confounders, mediators and/or effect
modifiers may also have limited this systematic review. The question of
variable adjustment was considered, especially the indirect pathway
described in Fig. 1. In the four studies that allowed adjustments on
other cardiovascular risk factors, unadjusted risk estimates were similar
(though lower), without over-adjustment effects and reassured us on
the lack of residual confounding. Other confounders, mediators, and
potential pathways through personality, working condition (night/
shift, psychosocial factors), age difference, and income are possible, as
are different effects of these conditions on different type of stroke (is-
chemic versus haemorrhagic). Much more work is needed to determine
potential mechanisms of the observed associations.

5.3.1. Strengths
Our systematic review and meta-analysis have a number of

strengths, including:

• Our systematic review and meta-analysis has followed the re-
commended steps (Woodruff and Sutton, 2014, Fig. 1), of having a
pre-published protocol and assessments for strength of evidence,
and is a model representation of systematic review methods on the
topic.
• Previous systematic reviews have not sought to differentiate stroke
prevalence from stroke incidence (non-fatal events) and stroke
mortality (fatal events), but our systematic review improves accu-
racy by differentiating these three different outcomes.
• Previous systematic reviews have not comprehensively provided
detailed analyses across all analytic steps of the systematic review
and meta-analysis for comparisons of standard categories of ex-
posure to long working hours compared with standard working
hours, but we have provided such analyses for three such compar-
isons commonly used in the epidemiological literature across all
steps of the systematic review, improving systematic review evi-
dence on this topic.
• Whereas previous systematic reviews have not comprehensively
assessed risk of bias and quality of evidence using established sys-
tematic review frameworks with dedicated tools and approaches, we
have rigorously applied the Navigation Guide framework in this
systematic review, ensuring transparency.
• In previous systematic reviews, strength of the evidence was not
commonly assessed, but in our systematic review we have applied
pre-specified criteria to rate the strength of evidence for each in-
clude comparison for each included outcome, and again this is a
novel contribution to the systematic review and meta-analytic body
of evidence on the topic.
• Finally, to our knowledge, this is the first systematic review and
meta-analysis conducted specifically for a global occupational
burden of disease study, and as such it provides a model for future
systematic reviews that will help ensure that these global health
estimates adhere fully with GATHER (Stevenset al., 2016).

6. Use of evidence for burden of disease estimation

This systematic review and meta-analysis was conducted by WHO
and ILO, supported by a large network of individual experts for the
development of the WHO/ILO Joint Estimates (Ryder, 2017). More
specifically, it provides the crucial evidence base for these organiza-
tions to produce estimates of the burden of deaths and DALYs from
stroke attributable to exposure to long working hours. The systematic
review found a large body of evidence for the comparison of 49–54

working hours/week compared with 35–40 working hours/week for the
outcomes of stroke incidence; this body of evidence was judged to be of
low quality and to provide limited evidence for toxicity/harmfulness.
The systematic review also found a large body of evidence from several
prospective cohort studies for the comparison of ≥55 working hours/
week compared with 35–40 working hours/week for the outcome of
stroke incidence; this body of evidence were judged to be of moderate
quality and to provide sufficient evidence for toxicity/harmfulness.
Producing estimates of the burden for stroke attributable to exposure to
the categories of working 49–54 and ≥55 working hours/week appears
evidence-based and warranted, and the parameters reviewed (including
the pooled RRs from the meta-analyses for these comparisons) appear
suitable as input data for WHO/ILO modelling of work-related burden
of disease and injury.

7. Conclusions

We judged the existing bodies of evidence as inadequate evidence
for harmfulness for the exposure categories 41–48, 48–54 and ≥55 h/
week for stroke prevalence and mortality, as well as for the exposure
category 41–48 h/week for stroke incidence. Evidence on the exposure
category 49–54 h/week for stroke incidence was judged to provide
limited evidence of toxicity/harmfulness. Evidence on exposure to
working ≥55 h/week was judged as sufficient evidence of harmfulness
for stroke incidence. The RRs for the comparisons 49–54 h/week and
≥55 h/week, compared with 35–40 h/week, are suitable as input data
for WHO/ILO modelling of work-related burden of disease and injury.

8. Differences between protocol and systematic review

• Our protocol did not specify how to deal with studies with outcomes
definitions being “mixed” in terms of including both fatal and non-
fatal events. We added such criteria for dealing with these studies
with the outcome definition being “mixed”. Our approach was the
same as that used in another systematic review (Li et al., 2020).
• The protocol did not include stroke prevalence as an eligible out-
come, but we included this outcome as it may be relevant for esti-
mating the burden of disease; we found that there was insufficient
evidence to evaluate this outcome.
• We had planned to use Ryyan software for selecting studies, but
used Covidence software instead, due to some specific preferred
features of the software and consistent author access across reviews.
• In the protocol, we defined the eligible comparator in the unit of
hours per week only. In the systemic review we included studies in
which the comparator was defined using a different unit (e.g. hours
per day), as long the units could be converted to hours worked per
week in comparable categories.
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