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SUMMARY

Long working hours are a major occupational health concern, but whether their associations differ across mor

tality outcomes remains unclear. We searched six databases from inception to January 31, 2026 and conduct

ed a systematic review with outcome-specific evidence synthesis of longitudinal studies. Seven original cohort 

studies were included. Long working hours, commonly defined as 55 or more hours per week, were associated 

with higher cardiovascular mortality, whereas the pooled association with all-cause mortality was not statisti

cally significant. The only eligible prospective cohort study suggested increased suicide mortality at 45–52 and 

more than 52 h per week, while no significant association was observed for accident mortality. These findings 

indicate that mortality associations of long working hours are outcome specific and highlight the need for pro

spective studies with standardized exposure definitions and clearer classification of cause-specific mortality.

INTRODUCTION

Long working hours have become a major occupational health 

concern worldwide.1–3 During the COVID-19 pandemic, telework

ing and work intensification may have further increased exposure 

in some settings.4–6 In the World Health Organization (WHO)/ 

International Labor Organization (ILO) Joint Estimates, long work

ing hours are commonly defined as working 55 h or more per 

week,7–9 and this exposure was estimated to account for 

745,194 deaths from ischemic heart disease and stroke globally 

in 2016.10 In East Asia, the public-health relevance of excessive 

working time has long been reflected in the concepts of karoshi 

and karojisatsu,11,12 which refer to overwork-related cardiovascu

lar or cerebrovascular death and suicide due to overwork, respec

tively.13–15 These observations suggest that the health conse

quences of excessive working time may extend beyond a single 

disease category and may involve multiple fatal outcomes.

A growing epidemiological literature has linked long working 

hours to adverse cardiovascular and mental health outcomes, 

including coronary heart disease,16,17 stroke,18,19 depressive symp

toms,20,21 anxiety symptoms,21 and sleep disturbances.22 System

atic reviews and meta-analyses have most consistently supported 

associations with cardiovascular outcomes, particularly ischemic 

heart disease and stroke,7,8,10 while evidence has also accumulated 

for depressive symptoms and sleep disturbances.20,23 Recent re

views suggest that long working hours are associated with a modest 

increase in cardiovascular risk.7,24 A large European multicohort 

study further suggested elevated early cardiovascular death, but 

not overall mortality, among employees working long hours.25

More recent cohort studies have extended the mortality literature 

by reporting higher all-cause mortality in China,26 higher cardiovas

cular mortality in the United States,27 and increased suicide mortal

ity—whereas accident mortality was not statistically significant—in 

Korea.28 Taken together, these findings suggest that the mortality 

consequences of long working hours may differ across fatal end

points rather than follow a single uniform pattern.

Despite this growing literature, the mortality evidence remains 

fragmented and difficult to interpret as a whole. Most previous syn

theses have been endpoint specific, focusing on specific cardio

vascular endpoints or broader non-fatal health outcomes rather 
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than jointly evaluating multiple mortality endpoints within a single 

analytic framework. At the same time, the original cohort studies 

differ in exposure thresholds, occupational context, geographic 

setting, and reported effect measures, and they have examined 

different fatal outcomes, including all-cause mortality,25,26,29,30

cardiovascular mortality,25,27,29,31 suicide mortality,28 and acci

dent mortality.28 Because all-cause mortality and cause-specific 

mortality are related but analytically distinct endpoints, combining 

them indiscriminately may obscure clinically relevant outcome- 

specific patterns.32,33 An updated review that synthesizes these 

fatal outcomes separately is therefore needed to clarify where 

the evidence is most consistent and where important gaps remain.

Accordingly, we conducted a systematic review and outcome-spe

cific evidence synthesis of longitudinal studies to evaluate the associ

ation between long working hours and four prespecified mortality out

comes: all-cause mortality, cardiovascular mortality, suicide mortality, 

and accident mortality. By examining these endpoints separately and 

prioritizing comparable effect measures, we aimed to clarify whether 

the mortality associations of long working hours differ across fatal out

comes and to provide a clearer summary of the available evidence.

RESULTS

Study selection

The database search yielded 1,315 records before deduplica

tion, including 1,110 from the all-cause mortality search, 125 

Figure 1. PRISMA flow diagram of study se

lection

from the cardiovascular mortality search, 

30 from the suicide mortality search, and 

50 from the fatal accident/external-cause 

mortality search. After removal of 193 du

plicates, 1,122 records were screened by 

title and abstract, of which 1,087 were 

excluded. Thirty-five full-text reports 

were assessed for eligibility, and 28 

were excluded for the following reasons: 

non-original publication (n = 6), non- 

human/mechanistic study (n = 1), no 

eligible fatal outcome (n = 17), or no 

eligible comparator, extractable effect 

estimate, or eligible analytical framework 

(n = 4). Ultimately, seven original cohort 

studies25–31 were included in the final 

systematic review (Figure 1).

Study characteristics and 

methodological quality

The seven included studies were con

ducted in China,26 Northern Ireland in 

the UK,29 Denmark,30 Finland/Sweden/ 

Denmark/the UK,25 Italy,31 the United 

States,27 and Korea.28 Sample sizes 

ranged from 4,051 to 11,903,540 partici

pants. Most studies defined long working 

hours as ≥55 h/week compared with standard working hours of 

35–40 or 35–44 h/week, although alternative cut-points were 

used in some cohorts. Four studies reported all-cause mortal

ity,25,26,29,30 four reported cardiovascular mortality,25,27,29,31

and one study reported suicide mortality and accident mortal

ity28 (Table 1). According to the Newcastle-Ottawa scale 

(NOS), four studies were rated as high quality and three as mod

erate quality (Table 2). Detailed item-level assessments across 

the NOS domains are presented in Table S2.

Cardiovascular mortality

Four studies reported associations between long working hours 

and cardiovascular mortality.25,27,29,31 However, only two 

studies25,27 provided sufficiently comparable overall hazard ra

tios (HRs) for quantitative pooling. In the primary meta-analysis, 

long working hours were associated with a significantly higher 

risk of cardiovascular mortality, with a pooled HR of 1.57 (95% 

confidence interval [CI] 1.18–2.09). Between-study heterogene

ity was negligible (I2 = 0.0%, p = 0.7005) (Figure 2A). Among 

the studies retained for qualitative synthesis (Table 1), O’Reilly 

and Rosato29 reported an elevated cardiovascular mortality 

risk among men in routine/semi-routine occupations (HR 1.49, 

95% CI 1.10–2.00), whereas Alicandro et al.31 found no statisti

cally significant association in sex-specific cause-specific 

models (men: cause-specific HR (cHR) 0.95, 95% CI 0.89– 

1.02; women: cHR 1.19, 95% CI 0.95–1.49).
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All-cause mortality

Four studies evaluated all-cause mortality.25,26,29,30 Two 

studies25,26 with comparable overall HR were included in the 

secondary meta-analysis, which yielded a pooled HR of 1.20 

(95% CI 0.85–1.70), indicating no statistically significant associ

ation between long working hours and all-cause mortality. Mod

erate between-study heterogeneity was observed (I2 = 61.7%, 

p = 0.1061) (Figure 2B). At the individual-study level, Huang 

et al.26 reported a significant positive association for ≥55 versus 

35–40 h/week (HR 1.49, 95% CI 1.02–2.18), whereas Ervasti 

et al.25 reported no clear association (HR 1.04, 95% CI 0.84– 

1.29). The remaining two studies were synthesized qualitatively 

because their estimates were not directly comparable with the 

pooled HR-based analysis (Table 1): Hannerz and Soll- 

Johanning30 reported a null association for >48 versus 32– 

40 h/week (rate ratio (RR) 0.92, 95% CI 0.80–1.05), while O’Reilly 

and Rosato29 observed an increased risk only in men in routine/ 

semi-routine occupations (HR 1.31, 95% CI 1.11–1.55).

Suicide mortality and accident mortality

Only one eligible prospective cohort study28 reported suicide 

mortality and accident mortality (Table 1). Compared with 35– 

44 h/week, working 45–52 h/week was associated with a higher 

risk of suicide mortality (HR 3.89, 95% CI 1.06–14.29), and a 

similarly increased risk was observed for >52 h/week (HR 3.74, 

95% CI 1.03–13.64). In contrast, no statistically significant 

Table 1. Characteristics of studies included in the systematic review

Study country/region design/population

exposure 

contrast

mortality 

outcome(s) main adjusted estimate

Huang et al., 2023 China retrospective cohort; 

adults aged 18–65 years 

from the China Health 

and Nutrition Surveys 

(N = 10,269)

≥55 vs. 35– 

40 h/week

all-cause 

mortality

HR 1.49 (95% CI 1.02– 

2.18)

O’Reilly and 

Rosato, 2013

Northern Ireland, UK census-based 

longitudinal cohort; 

employed adults aged 

20–59/64 years (N = 

414,949)

≥55 vs. 35– 

40 h/week

all-cause 

mortality; 

cardiovascular 

mortality

in men in routine/semi- 

routine occupations: all- 

cause mortality HR 1.31 

(95% CI 1.11–1.55); 

cardiovascular mortality 

HR 1.49 (95% CI 1.10– 

2.00)

Hannerz and Soll- 

Johanning, 2018

Denmark cohort study based on 

the Danish Labor Force 

Survey; employees aged 

20–64 years (N = 

159,933)

>48 vs. 32– 

40 h/week

all-cause 

mortality

RR 0.92 (95% CI 0.80– 

1.05)

Ervasti et al., 2021 Finland, Sweden, 

Denmark, and the UK

multicohort prospective 

study; working-age 

adults from the IPD-Work 

consortium (primary 

analysis N = 59,599)

≥55 vs. 35– 

40 h/week

all-cause 

mortality; 

cardiovascular 

mortality

overall mortality: HR 1.04 

(95% CI 0.84–1.29); 

cardiovascular mortality: 

HR 1.68 (95% CI 1.08– 

2.61) in the primary 

analysis

Alicandro et al., 2020 Italy census-based cohort; 

active workers aged 20– 

64 years (N = 11,903,540)

≥55 vs. 35– 

40 h/week

cardiovascular 

mortality

men: cHR 0.95 (95% CI 

0.89–1.02); women: cHR 

1.19 (95% CI 0.95–1.49)

Gu et al., 2025 United States prospective cohort; 

employed adults in 

MIDUS without prior 

myocardial infarction or 

stroke at baseline (N = 

4,051)

≥55 vs. 35– 

40 h/week

cardiovascular 

mortality

HR 1.50 (95% CI 1.03– 

2.17)

Lee et al., 2020 Korea prospective cohort; 

employed workers from 

KNHANES linked to 

death records (N = 

14,484)

45–52 vs. 35– 

44 h/week; 

>52 vs. 35– 

44 h/week

suicide 

mortality; 

accident 

mortality

suicide mortality: HR 

3.89 (95% CI 1.06–14.29) 

for 45–52 h/week and HR 

3.74 (95% CI 1.03–13.64) 

for >52 h/week; no 

significant association 

was observed for 

accident mortality

CI, confidence interval; cHR, cause-specific hazard ratio; HR, hazard ratio; KNHANES, Korean National Health and Nutrition Examination Survey; 

MIDUS, Midlife in the United States; RR, rate ratio.
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associations were observed for accident mortality at either 45– 

52 h/week (HR 1.78, 95% CI 0.57–5.52) or >52 h/week (HR 

0.98, 95% CI 0.32–2.98). As detailed in Table 3, the accident 

mortality endpoint in this cohort included transport accidents 

and other accidental injuries based on registry-derived 

external-cause definitions, rather than workplace injuries alone.

DISCUSSION

In this systematic review and outcome-specific evidence synthe

sis of longitudinal studies, we found that the association be

tween long working hours and mortality differed across fatal end

points rather than following a uniform pattern. Long working 

hours were associated with a significantly higher risk of cardio

vascular mortality in the primary quantitative synthesis, with 

negligible between-study heterogeneity, whereas the pooled as

sociation with all-cause mortality was not statistically significant 

and showed moderate heterogeneity. The only eligible prospec

tive cohort study also suggested elevated risks of suicide mortal

ity at both 45–52 and >52 h/week, while evidence for accident 

mortality remained limited and did not show a statistically signif

icant association in that cohort. Taken together, these findings 

indicate that an undifferentiated focus on all-cause mortality 

may obscure clinically relevant outcome-specific associations. 

By synthesizing evidence separately across fatal endpoints, 

the present review clarifies that the current evidence base is 

most consistent for cardiovascular mortality, whereas evidence 

for suicide and accident mortality remains limited and requires 

further prospective investigation.

The most consistent evidence in the present review was 

observed for cardiovascular mortality. Notably, the pooled asso

ciation for this outcome was based on two studies25,27 that re

ported comparable overall HRs and showed a consistent direc

tion of effect, with negligible between-study heterogeneity. This 

pattern provides more coherent evidence for an association be

tween long working hours and cardiovascular mortality, although 

the broader qualitative evidence remained somewhat mixed 

because some cohorts reported subgroup-specific rather 

than overall estimates or used sex-specific cause-specific 

models.29,31 The inclusion of the recent US prospective study 

by Gu et al.27 updated and strengthened the evidence base for 

cardiovascular mortality beyond earlier reviews. The observed 

pattern is also biologically plausible, as long working hours 

may increase sustained psychosocial stress,34,35 reduce recov

ery time,36 impair sleep,22,37 and promote adverse cardiometa

bolic responses,38–41 all of which have been linked to cardiovas

cular risk and cardiovascular mortality.42–44 These mechanisms 

may help explain why a clearer association was observed for 

cardiovascular mortality than for all-cause mortality in the pre

sent review.

By contrast, the pooled association with all-cause mortality 

was not statistically significant. This finding should not be inter

preted as evidence of no effect; rather, it suggests that all-cause 

mortality may be too broad a composite endpoint to capture the 

more specific fatal consequences of long working hours. Unlike 

cardiovascular mortality, all-cause mortality is a broader com

posite endpoint that includes fatal outcomes with heteroge

neous mechanisms and potentially different relationships to 

working-time exposure.32,45 This may partly explain why a 

clearer association was observed for cardiovascular mortality 

than for all-cause mortality in the present review. This interpreta

tion is also supported by the moderate heterogeneity observed 

in the pooled analysis and by the inconsistency of study-level 

findings,46 with some cohorts reporting positive associations 

and others showing null results.25,26,29,30 In this context, an 

exclusive focus on all-cause mortality may underestimate clini

cally relevant outcome-specific risks and obscure important dif

ferences across fatal endpoints. The present review therefore 

suggests that long working hours may be more meaningfully un

derstood through cause-specific mortality patterns than through 

all-cause mortality alone.10,25,26,29,30

The heterogeneity across studies is itself informative and likely 

reflects genuine contextual differences rather than random vari

ation alone. Several sources are likely relevant. First, the defini

tion of long working hours was not fully uniform across studies, 

ranging from the WHO/ILO-relevant threshold of ≥55 h/week 

to >48 h/week or intermediate categories such as 45–52 h/ 

week. Second, the included studies were conducted in markedly 

different settings, including East Asia,26 Europe,25,29–31 and the 

United States,27 where labor regulation, occupational structure, 

social protection, and baseline mortality patterns may differ sub

stantially. Third, occupational composition and reporting strate

gies also varied, with some studies providing overall population- 

level estimates25–28,30 and others reporting subgroup-specific 

associations only,29,31 such as estimates restricted to men in 

routine/semi-routine occupations or sex-specific cause-specific 

models. Finally, outcome definitions and ascertainment strate

gies were not entirely uniform across studies, particularly for 

less commonly reported endpoints. These differences likely 

contributed to the more heterogeneous pattern observed for 

Table 2. Methodological quality of the included original studies assessed using the Newcastle-Ottawa scale

Study selection comparability outcome total NOS score quality category

Huang et al., 2023 ★★★★ ★★ ★★☆ 8/9 high

O’Reilly and Rosato, 2013 ★★★★ ★★ ★★☆ 8/9 high

Hannerz and Soll-Johanning, 2018 ★★★☆ ★☆ ★★★ 7/9 moderate

Ervasti et al., 2021 ★★★★ ★★ ★★★ 9/9 high

Alicandro et al., 2020 ★★★☆ ★☆ ★★★ 7/9 moderate

Gu et al., 2025 ★★★★ ★★ ★★★ 9/9 high

Lee et al., 2020 ★★★☆ ★☆ ★★★ 7/9 moderate

NOS, Newcastle–Ottawa Scale.
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all-cause mortality and to the broader qualitative variation across 

studies. By contrast, cardiovascular mortality appeared more 

consistent only after quantitative pooling was restricted to 

studies with comparable exposure contrasts, outcome defini

tions, and effect measures. Because each pooled outcome 

included only a very limited number of studies, formal subgroup 

analyses or meta-regression to evaluate sources of heterogene

ity were not feasible; accordingly, these factors were explored 

descriptively rather than quantitatively.

The findings for suicide mortality and accident mortality also 

merit attention, although the current evidence remains limited. 

In the only eligible prospective cohort,28 long working hours 

were associated with elevated risks of suicide mortality at both 

45–52 and >52 h/week, suggesting that mental health-related 

fatal outcomes may represent an important but understudied 

consequence of prolonged working time. By contrast, no statis

tically significant association was observed for accident mortal

ity in the same cohort. This apparent difference should be inter

preted cautiously, however, because the available evidence for 

both outcomes was derived from a single study, the CIs were 

wide, and the accident-related endpoint reflected transport acci

dents and other accidental injuries rather than workplace injuries 

alone. Accordingly, the present review does not support defini

tive conclusions for either outcome, but it does indicate that 

Figure 2. Pooled associations of long working hours with cardiovascular and all-cause mortality 

(A) Presents the primary pooled analysis of cardiovascular mortality, and (B) presents the secondary pooled analysis of all-cause mortality. Forest plots show HR, 

95% CI, and study weights under the random-effects model for mortality outcomes comparing long working hours with standard working hours. Squares 

represent study-specific estimates, with square size proportional to study weight, and diamonds represent pooled estimates. Detailed exposure contrasts and 

study characteristics are provided in Table 1. Abbreviation: HR, hazard ratio; CI, confidence interval.

Table 3. Study-specific associations of long working hours with suicide mortality and accident mortality

Outcome exposure comparison adjusted HR (95% CI) interpretation

Suicide mortality 45–52 vs. 35–44 h/week 3.89 (1.06–14.29) significant positive association

Suicide mortality >52 vs. 35–44 h/week 3.74 (1.03–13.64) significant positive association

Accident mortalitya 45–52 vs. 35–44 h/week 1.78 (0.57–5.52) not statistically significant

Accident mortality >52 vs. 35–44 h/week 0.98 (0.32–2.98) not statistically significant

HR, hazard ratio; CI, confidence interval. 

Data were derived from a prospective cohort study of employed workers in Korea using the Korean National Health and Nutrition Examination Survey 

linked to the national death registry. Working hours were categorized as 15–34, 35–44, 45–52, and >52 h/week, with 35–44 h/week as the reference 

group. The Cox model was adjusted for age, sex, household income, education, occupation, and depressive symptoms. No meta-analysis was per

formed for these two outcomes because only one eligible study was identified.
aAccident mortality in the eligible Korean cohort included transport accidents and other accidental injuries according to registry-based external-cause 

definitions, rather than workplace injuries alone.
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suicide mortality may warrant closer attention in future longitudi

nal studies and that accident-related mortality should be as

sessed using more clearly defined and context-specific fatal 

injury categories.

The present review has several strengths that enhance both 

the interpretability and the contribution of the findings. A major 

strength is that it moved beyond undifferentiated summaries of 

mortality by synthesizing all-cause mortality and prespecified 

cause-specific mortality outcomes separately. This outcome- 

specific strategy allowed the review to identify a more coherent 

signal for cardiovascular mortality while also clarifying that the 

evidence base remains sparse for suicide mortality and accident 

mortality. The review also avoided inappropriate aggregation by 

not treating HR, RR, and odds ratio (OR) as interchangeable and 

by restricting quantitative pooling to studies with sufficiently 

comparable effect measures, exposure contrasts, and outcome 

definitions. In addition, potential overlap between cohorts was 

also assessed explicitly before outcome-specific synthesis. 

These design features improve the methodological coherence 

of the review.

Future research should prioritize standardized definitions of 

long working hours, clearer classification of cause-specific mor

tality, and the reporting of comparable outcome-specific effect 

estimates. More prospective studies are especially needed for 

suicide mortality and accident mortality, with better differentia

tion of workplace and non-workplace accidental deaths. 

Repeated exposure assessment and more detailed character

ization of occupational and psychosocial factors would help 

improve comparability across studies and strengthen causal 

interpretation.

Current evidence suggests that the association between long 

working hours and mortality is outcome specific. The most 

consistent evidence was observed for cardiovascular mortality, 

whereas the pooled association with all-cause mortality was 

not statistically significant, and evidence for suicide mortality 

and accident mortality remains limited. Further prospective 

studies with standardized exposure and outcome definitions 

are needed.

Limitations of the study

This review has several limitations. First, the evidence base for 

each outcome remained limited, with only two studies available 

for quantitative pooling for cardiovascular mortality and all- 

cause mortality, and only a single cohort informing suicide mor

tality and accident mortality. Second, definitions of long working 

hours were not fully standardized across studies, which con

strained comparability and prevented formal assessment of 

exposure-response relationships. Third, working hours were 

generally measured at baseline or over a limited period and 

were analyzed categorically, which may have introduced expo

sure misclassification and reduced sensitivity to longer-term 

working-time patterns. Fourth, residual confounding remains 

possible, particularly for psychosocial work characteristics, 

employment insecurity, and baseline mental health, despite the 

generally moderate-to-high methodological quality of the 

included studies. Fifth, some fatal endpoints were not defined 

uniformly across studies, which may have further contributed 

to between-study variation. Finally, restriction to English-lan

guage peer-reviewed publications may have introduced lan

guage bias, and publication bias could not be formally assessed 

because too few studies were available for each pooled 

analysis.47
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Literature search

A systematic literature search was conducted in PubMed, Embase, Web of Science Core Collection, Scopus, the Cochrane Library, 

and APA PsycInfo from database inception to January 31, 2026. The search strategy combined controlled vocabulary and free-text 

terms for two core concepts: long working hours and mortality outcomes. Outcome-related terms were expanded to capture all- 

cause mortality as well as prespecified cause-specific mortality outcomes, including cardiovascular, suicide, and accident-related 

mortality. The full electronic search strategies for all databases are provided in Table S1. The search was designed to capture studies 

examining long working hours in relation to mortality-related endpoints. In addition to general mortality terms, broader cardiovascular 

and accident-related terms were initially included during electronic searching to maximize sensitivity. However, only studies report

ing prespecified mortality outcomes were eligible for the final review. To identify additional studies, we also manually screened the 

reference lists of relevant reviews and eligible original articles and conducted citation tracking through Web of Science.

Eligibility criteria

Studies were eligible if they met all of the following criteria: (1) Original longitudinal observational design, including prospective cohort 

studies, retrospective cohort studies, census-linked cohort studies, or register-based cohort studies; (2) Inclusion of working-age 

employed or economically active adults; (3) Assessment of individual-level working hours; (4) Reporting of at least one eligible fatal 

outcome; (5) Provision of an effect estimate with a 95% confidence interval, including hazard ratio (HR), risk ratio (RR), odds ratio 

(OR), cause-specific hazard ratio, or sufficient information to derive the estimate.

Studies were excluded if they were: (1) reviews, systematic reviews, or meta-analyses; (2) editorials, commentaries, letters without 

original data, conference abstracts, case reports, or case series; (3) cross-sectional studies without longitudinal mortality follow-up; 

(4) studies reporting only non-fatal outcomes; (5) studies without extractable or interpretable effect estimates for the eligible fatal out

comes. Because formal full-text screening and data extraction were conducted in English, eligibility was restricted to peer-reviewed 

articles published in English.47

Exposure and outcome definitions

The primary exposure was long working hours, measured in hours per week. Because exposure operationalization varied across 

studies, we accepted the original study definitions and extracted the exposure contrast most relevant to long working hours versus 

standard working hours. Particular attention was given to contrasts using the WHO/ILO-relevant threshold of ≥55 h/week,9,10,25

although lower or alternative cut-points, such as 45–52 or >52 h/week, were also retained when they represented the prespecified 

long-hours category in the original cohort. Long working hours were treated as a categorical exposure, not as a continuous exposure, 

because the included studies predominantly reported grouped weekly working hours rather than per-unit exposure-response 

estimates.

Eligible outcomes were restricted to mortality outcomes, including all-cause mortality,25,26,29,30 cardiovascular mortality,25,27,29,31

suicide mortality,28 and accident mortality.28 Outcome ascertainment was accepted when based on linkage to death registries, na

tional mortality databases, census-linked records, or other official mortality sources used in the original studies. For accident mor

tality, we extracted the most specific available definition from each source study and recorded whether the endpoint referred to work

place accidents, transport accidents, commuting accidents, or broader accidental external-cause deaths.

Study selection

After removal of duplicates, two reviewers (Y.X. and J.H.) independently screened titles and abstracts, followed by full-text assess

ment of potentially eligible reports. Disagreements were resolved by discussion. When consensus could not be reached, a third se

nior reviewer (R.W.) adjudicated the final decision. The study selection process is summarized in the PRISMA flow diagram (Figure 1).

Assessment of potentially overlapping cohorts

To avoid duplicate inclusion of the same underlying population, we assessed potential overlap across studies by comparing the 

country, cohort or database name, recruitment years, follow-up period, sample size, exposure definition, and outcome definition. 

When multiple reports appeared to arise from the same or overlapping cohort, we retained the report with the most relevant outcome 

definition, the most complete adjustment set, and/or the longest follow-up for a given outcome-specific synthesis. Each cohort 

contributed only one estimate per outcome-specific quantitative analysis. No overlapping cohorts were identified among the studies 

included in the final outcome-specific syntheses.

Data extraction

Two reviewers (Y.X. and J.H.) independently extracted data using a standardized extraction form. The following information was 

collected from each eligible study: first author, publication year, country or region, cohort or data source, study design, participant 

characteristics, sample size, follow-up duration, working-hour categories, outcome definition and ascertainment method, covariates 

included in the fully adjusted model, and the most fully adjusted effect estimate with its 95% CI.
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Risk of bias assessment

Because all studies included in the final synthesis were observational longitudinal studies, methodological quality was assessed us

ing the Newcastle–Ottawa Scale (NOS) for cohort studies50,51 developed by Wells and colleagues. Two reviewers (Y.X. and J.H.) 

independently evaluated each study across the domains of selection, comparability, and outcome assessment. Disagreements 

were resolved by discussion and, where necessary, consultation with a third reviewer (R.W.). For the purpose of this review, NOS 

scores were categorized a priori as high quality (8–9 points), moderate quality (6–7 points), and low quality (≤5 points). Risk-of- 

bias assessment was used to support interpretation of the evidence and descriptive comparison across studies.

Ethical considerations

No primary ethical review was required as analyses utilized deidentified, publicly available data from studies with original participant 

consent. Public stakeholders were not involved in study design or dissemination.

QUANTIFICATION AND STATISTICAL ANALYSIS

We synthesized the evidence separately for the prespecified outcomes of all-cause mortality, cardiovascular mortality, suicide mor

tality, and accident mortality. We did not generate an overall pooled effect across all-cause mortality and cause-specific mortality 

outcomes because these endpoints are conceptually overlapping and clinically heterogeneous. Quantitative synthesis was under

taken only when studies were considered sufficiently comparable in terms of outcome definition, exposure contrast, and effect 

measure.47

For each eligible study, we extracted the most fully adjusted effect estimate reported by the authors. Because HR, RR, and OR are 

not directly equivalent, these measures were not treated as interchangeable without justification. Quantitative meta-analysis was 

restricted to studies reporting comparable effect measures for the same outcome, with priority given to HR for mortality endpoints. 

OR and RR that could not be validly combined with HR-based estimates were retained in the qualitative synthesis. Ratio effect mea

sures were analyzed on the log scale.

Random-effects meta-analysis was performed only when at least two studies reported sufficiently comparable estimates for the 

same outcome and comparable exposure contrasts. In practice, all-cause mortality and cardiovascular mortality were eligible for 

quantitative synthesis using HR. HR were log-transformed before pooling, and their standard errors were derived from the reported 

95% CI. Pooled estimates were calculated using a random-effects model with the restricted maximum likelihood (REML) 

estimator.52,53

Suicide mortality and accident mortality were synthesized narratively because only one eligible prospective cohort study was iden

tified for each outcome. Studies reporting subgroup-specific estimates only, or effect measures not comparable with those used in 

the outcome-specific meta-analysis, were also retained in the qualitative synthesis rather than pooled quantitatively.

Between-study heterogeneity was assessed using Cochran’s Q test, the I2 statistic, and the between-study variance (τ2).46 Given 

the expected clinical and methodological diversity across studies, including differences in country, occupational setting, exposure 

thresholds, and outcome ascertainment, a random-effects framework was chosen a priori. Potential sources of heterogeneity, 

including geographic region, definition of long working hours, occupational type, and study quality, were explored descriptively 

rather than through formal meta-regression because the number of studies available for each pooled outcome was limited.

Formal assessment of publication bias using funnel plots or Egger’s regression test was not performed for the outcome-specific 

meta-analyses because each quantitative synthesis included fewer than 10 studies, making such tests unstable and difficult to 

interpret.47

All statistical analyses were performed using R version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria) with the meta 

package (version 8.2.1). All tests were two-sided.
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