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Systematic review and meta-analysis on exposure to long working hours and risk of ischaemic 
heart disease – Conclusions are supported by the evidence 

We read with interest the commentary by Dr. Kivimäki and col-
leagues (Kivimäki et al., 2020) on our recently published systematic 
review and meta-analysis on exposure to long working hours and risk of 
ischaemic heart disease (Li et al., 2020). Kivimäki et al. appear to agree 
with the methodology of our systematic review and meta-analysis, and 
we appreciate that they emphasize that the work “is based on a carefully 
planned registered protocol and is well-documented and transparent” 
(Kivimäki et al., 2020). However, Kivimäki et al. are concerned that our 
conclusions may not be supported by the evidence. We disagree with this 
opinion and we stand by our judgment and conclusion that there is 
sufficient evidence for the harmfulness of long working hours (≥55 h/ 
week) with regard to risk of ischaemic heart disease. 

Based on our pre-specified, peer-reviewed, published protocol (Li 
et al., 2018), we conducted a rigorous, comprehensive and transparent 
systematic review and meta-analysis (Li et al., 2020). Initiated and co-
ordinated by the World Health Organization (WHO) and the Interna-
tional Labour Office (ILO) jointly, a Working Group of 21 individual 
experts working in 10 countries from 4 continents engaged in global 
scientific discussion and consensus-making, both before publishing the 
methods in the protocol (Li et al., 2018) and the results in the systematic 
review (Li et al., 2020). Both publications are peer-reviewed articles in 
an international academic journal (not WHO/ILO reports). Our Working 
Group was inclusive, and experts, globally, were invited to participate in 
the systematic review, including Prof. Kivimäki. In response to the 
commentary, we highlight and emphasize the methodological and 
empirical rationale for the results of our systematic review, and we call 
for a more differentiated understanding and application of systematic 
review frameworks and methods for hazard identification in global 
occupational health. Here, a focus on rigorous approaches for assessing 
the quality across a body of evidence and the strength of evidence is 
needed, specifically using approaches developed by the Navigation 
Guide and Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) Working Group (Morgan et al., 2019; Woodruff 
and Sutton, 2014). 

1. Quality and strength of evidence 

Kivimäki et al. claim that we did not correctly apply our framework 
for assessing strength of evidence and discuss “whether different review 
frameworks were the origin of discordant conclusions” (Kivimäki et al., 
2020). By pointing to PRISMA and AMSTAR 2, on which they based their 
own assessments, they fail to recognize that these are reporting tools to 
evaluate or guide systematic reviews; however, unlike Navigation Guide 
framework which includes GRADE domains, do not provide criteria for 
assessing risk of bias in individual studies nor the strength of evidence 
across the body of evidence. One key aspect of the Navigation Guide 

framework, which is similar to Cochrane and GRADE, is that it requires 
the reviewers to justify their judgments transparently for each domain of 
assessment, where the last one of these steps assesses the strength of 
evidence (Woodruff and Sutton, 2014, Morgan et al., 2019). Therefore, 
our method is both correctly applied and is consistent with best practices 
in evidence evaluation. Further, our systematic review and meta- 
analysis is the first (a) that has been based on a protocol with pre- 
specified methods, (b) that was conducted applying a systematic re-
view framework for hazard identification in environmental and occu-
pational health, (c) that underwent all stages of a systematic review, 
including assessments of risk of bias and quality of evidence, (d) that 
used established approaches for assessing risk of bias in individual 
studies and quality of evidence across a body of evidence. In assessing 
strength of evidence, we justified our conclusions by carefully evalu-
ating quality of the body of evidence, direction of effect estimate and 
confidence in the effect estimate as is highlighted in our methods both in 
the protocol and our published paper. 

Importantly, the Navigation Guide method has been demonstrated 
and validated in multiple case studies in the peer-reviewed literature. 
(Johnson et al., 2014, 2016, Koustas et al., 2014, Lam et al., 2014, 2016, 
2017; Vesterinen et al., 2015) and it has been cited by the United States 
National Acadmies of Sciences, Engineering and Medicine (NASEM) as an 
exemplary method the United States Environmental Protection Agency 
should use in hazard and risk assessment (National Research Council, 
2014, National Academies of Sciences, 2018). The NASEM reviewed this 
method in its 2017 assessment of the potential health impacts of endo-
crine active environmental chemical (National Academies of Sciences, 
2017). The Navigation Guide method used in the WHO/ILO systematic 
review was consistent with how it has been applied across this multiple 
case studies. We therefore disagree with the authors’ argument, even 
more so as the same approach was applied to other published systematic 
reviews from this consortium (see e.g., Descatha et al., 2020). 

Furthermore, we point to the following differences from, and simi-
larities with the previously mentioned meta-analyses. First, our sys-
tematic review included 26 prospective cohort studies and 11 case- 
control studies from 13 countries in 3 WHO regions (N = 768,751 par-
ticipants). The relevant meta-analysis adjusting for age, sex, and socio-
economic status documented an elevated risk of acquiring IHD for those 
working ≥ 55 h/week vs. 35–40 h/week and produced a pooled effect 
estimate of 1.13 (95% CI 1.02, 1.26), based on 22 cohort studies (N =
339,680 participants) (Li et al., 2020) (Fig. 9, p.26). The pooled effect 
estimate for dying from IHD was 1.17 (95% CI 1.05, 1.31, 16 cohort 
studies) (Li et al., 2020) (Fig 13, p.29). Compared to the systemaic re-
view and meta-analysis on long working hours and coronary heart dis-
ease and stroke paper published in 2015 (Kivimäki et al., 2015) and its 
2018 update (Virtanen and Kivimäki, 2018), our systematic review and 
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meta-analysis included one additional cohort study (Hayashi et al., 
2019). This study reported a relative risk of 1.63 (95% CI 1.01, 2.63, N 
= 15,277 participants). In their commentary, Kivimäki et al. wrote that 
this study had “a low WHO/ILO quality rating whereby the risk of bias 
was ‘probably high’” (Kivimäki et al., 2020). This statement is incorrect. 
When rating risk of bias of individual studies, we only rated one out of 9 
domains (selection bias) as “probably high” for this study (Li et al., 
2020) (p.11). Overall, the risk of bias of this study was not higher than 
risk of bias in those studies included in the Kivimäki et al. (2015) meta- 
analysis (Li et al., 2020) (Fig. 3, p.19–20). 

Second, we interpreted the pooled estimate from our meta-analysis 
as consistent with previously published review evidence on long work-
ing hours and ischaemic heart disease; the 5 previous reviews published 
between 2012 and 2019 all concluded that IHD risk was significantly 
elevated for those working long hours (ranging from 1.12 to 1.54) (Li 
et al., 2020) (p.3). These included their 2015 meta-analysis (Kivimäki 
et al., 2015) and the updated meta-analysis (Virtanen and Kivimäki, 
2018). When interpreting their own results the authors et al. stated “a 
modest overall increase in risk of incident coronary heart disease” 
(Kivimäki et al., 2015) (p.1742), and “our findings are consistent with 
two previous meta-analyses of long working hours and coronary heart 
disease” (Kivimäki et al., 2015) (p.1743). In interpreting our findings, 
we used similar qualifications: “moderate” (p.2); “is considered modest” 
(p.33). The systematic review of systematic reviews by Rivera et al. 
(2020) was published about two months (April 2, 2020) prior to our 
systematic review (June 3, 2020) and it based its conclusion mainly on 
the IPD-Work 2015 review (Kivimäki et al., 2015). 

Third, systematic review methodologists have repeatedly emphas-
ised that assessments of quality of evidence and strength of evidence are 
based on judgments (Schünemann et al., 2011; Morgan et al., 2019). 
Therefore, the same body of evidence may be judged differently between 
experts. Our judgements are supported by a systematic review process 
that had instructions for each step of the process published prior to the 
review in a protocol and thus reduced the risk of reviewer-introducing 
bias, based on the Navigation Guide. As mentioned, the judgments 
presented by Kivimäki et al. (2015, 2020) in their own meta-analyses did 
not apply this method. 

2. The role of socioeconomic status (SES) 

We conducted subgroup analyses according to the study protocol (Li 
et al., 2018), and we observed a trend (p = 0.05, not p = 0.04, as stated 
in the commentary (Kivimäki et al., 2020) in the associations of long 
working hours with IHD by SES group. In line with statistical advice not 
to over-interpret p = 0.05 level of significance (Amrhein et al., 2019), 
we emphasized an apparent dose-response relationship along SES 
groups, with robust associations among low SES groups (Li et al., 2020) 
(p.28). This was also clearly stated in the abstract. We find little dif-
ference between the statement of the IPD-Work review paper from 2015 
pointing to “a stronger association for fatal and non-fatal incident cor-
onary heart disease in individuals with low SES occupations than in 
those with high SES occupations” (Kivimäki et al., 2015) (p.1743–1744) 
and our statement that “relative risks were higher among persons with 
lower SES” (Li et al., 2020) (p.2). 

We noticed that in the Kivimäki et al. 2015 meta-analysis, the SES 
difference between long working hours and IHD was not statistically 
significant when including all available studies (Kivimäki et al., 2015) 
(Appendix eTable 4, p = 0.15), whereas the p-value for difference 
changed to 0.001 when considering high-quality studies only, which 
eliminated all studies from outside Europe (Kivimäki et al., 2015) (Ap-
pendix eFigure4). We find the authors’ emphasis on European studies 
problematic, as evidence on a universal effect modification by SES is 
lacking. Subgroup analyses of selected studies from only one WHO re-
gion (Europe) are not a sufficient evidence base for global health esti-
mates. Therefore, at this stage of evidence, we disagree with the critique 
raised by Kivimäki et al. (2020). 

We considered differences between socioeconomic subgroups 
important although global health estimates of work-related burden of 
disease are not additionally disaggregated by socioeconomic criteria. 
The average relative risk in the population across socioeconomic status 
(generally defined by country, sex and age group) is what counts for 
global health estimates of work-related burden of disease and injury, 
and was delivered in our systematic review (Li et al., 2020). This said, 
we agree with Kivimäki et al. (2020) that more data on the joint effects 
of SES and adverse working conditions on risk of ill-health are needed 
(Hoven and Siegrist, 2013). 

3. Adjusting for potential steps in the causal pathway 

Kivimäki et al. (2020) are concerned that we based our conclusion on 
estimates that were adjusted for age, sex and socioeconomic status and 
not on estimates that were further adjusted for risk factors such as 
smoking, alcohol use, physical inactivity, unhealthy diet or hyperten-
sion. We based our decision on our “logic model of the causal relation-
ship between long working hours and ischaemic heart disease” that was 
presented in our review protocol (Li et al., 2018) (p.560–561), which 
was accepted for publication before data search for the literature review 
commenced. In this logic model, we reasoned that biological and 
behavioral risk factors, with the exception of age and sex, are unlikely to 
influence long working hours and that therefore these variables are not 
confounders. Instead, they may be possible consequences of exposure to 
long working hours and therefore they are potential mediators. 
Adjusting estimates for the association between long working hours and 
IHD for potential mediators would give biased results and consequently 
we did not base our conclusion on such estimates. Our reasoning was 
based on research evidence suggesting that work stress, including long 
working hours, may affect biological and behavioral IHD risk factors 
(Albertsen et al., 2006; Angrave et al., 2014; Fransson et al., 2012; 
Heikkilä et al., 2012; Ikeda et al., 2018; Siegrist and Rödel, 2006; Vir-
tanen et al., 2019). Kivimäki et al. pointed out that smoking initiation 
usually precedes labour market entry and therefore is unlikely to be a 
consequence of long working hours. However, there is evidence sug-
gesting that work stress is associated with lower rates in smoking 
cessation, higher rates in relapse after cessation and slightly higher 
number of cigarettes smoked per week (Albertsen et al., 2006; Angrave 
et al., 2014; Heikkilä et al., 2012). 

We noted that, in the Kivimäki et al. (2015) systematic review, au-
thors stated that “we recorded no evidence of significant bias arising 
from …confounding (i.e., minimum vs. maximum adjustment) …in the 
associations of long working hours with coronary heart disease and 
stroke (figure 5, appendix).” (Kivimäki et al., 2015, p.1743). Similarly, 
in the Virtanen et al. update it was said that “the associations seemed not 
to be confounded by known CVD risk factors, such as health behaviors” 
(Virtanen and Kivimäki, 2018, p.3). 

A further argument of the commentary concerns the difference of 
results according to stratification by study quality, claiming that effects 
were stronger among low quality studies. Yet, since there was no sta-
tistically significant difference between studies with high or probably 
high risk of bias and studies with low or probably low risk of bias (p =
0.37 for acquiring IHD, p = 0.13 for dying of IHD (Li et al., 2020) (p.30) 
we were confident to report the overall risk estimates. Moreover, we 
stated that “sensitivity analyses were also 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. There were 
no meaningful differences by outcome measurement and by risk of bias 
(Table 7; Appendix 8 in the Supplementary data)” (Li et al., 2020) 
(p.28). 

4. The “clinical meaningfulness” of the results 

We used the term “clinically meaningful” from a global public health 
perspective. Given a high prevalence of exposure, even a moderately 
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elevated relative risk has implications for prevention, as demonstrated, 
e.g., in occupational cancer research. To exemplify: shift work has a 
prevalence of 15–20 percent (Straif et al., 2007) (presumably similar to 
prevalence of long working hours in many countries (OECD, 2020 La-
bour Force Statistics)), and a reported relative risk of breast cancer 
attributable to shift work of 1.11 (95% CI 1.02, 1.20) (Rivera et al., 
2020) (similar strength of associations as we reported for long working 
hours and IHD (Li et al., 2020)). WHO’s International Agency for 
Research on Cancer (IARC) on Cancer Monograph Working Group 
concluded in 2007 that shift work “is probably carcinogenic to humans” 
(Straif et al., 2007). 

If working ≥55 h/week is found to be prevalent globally, then even a 
small increase in relative risk would be “clinically meaningful”. Over the 
last three years, WHO and ILO have built a global database currently 
comprising 2300 surveys from 154 countries with microdata on the 
number of hours worked. Results that will be published in the near 
future indicate that, globally, there is a high prevalence of long working 
hours, and that Europe, due to strong legislation, deviates markedly 
from the global trend. Therefore, the hypothetical calculation of popu-
lation attributable fraction presented in the Kivimäki et al. commentary 
does not provide a convincing argument against the meaningfulness of 
the findings of our meta-analysis. 

5. A call for improved understanding and application of 
systematic review frameworks and methods in occupational 
health 

We agree with the assertion that “WHO systematic reviews are 
authoritative and should be kept to the highest standards” (Kivimäki 
et al., 2020). The Working Group has rigorously applied our prespecified 
methods and criteria. Our systematic review builds on previously pub-
lished findings, adding new data and applying a methodologically 
transparent and vigorous framework. We repeatedly pointed to a modest 
effect size and we elaborated the limitations of our study. In case that 
future studies would show that our findings hold particularly true for 
working people in low socioeconomic groups, this would be a most 
significant outcome in terms of the unique commitment of WHO to 
reduce social inequalities in health (WHO, 2008). The expert group 
appreciate the unprecedented effort of WHO and ILO to establish a 
Working Group containing 200 individual experts in 35 countries whose 
collaboration will finally result in 15 different systematic reviews and 
meta-analyses. 

For the future, we encourage and invite individual experts, such as 
the authors of the commentary, who are interested in contributing to 
assessments of the global evidence base, to actively participate in global 
consensus making on judgments of quality of evidence and strength of 
evidence. The systematic reviews and meta-analyses conducted for the 
development of WHO-ILO Joint Estimates provide an opportunity for 
this task, based on scientific norms and standards for the benefit of an 
evidence-based global public health good to improve the health of 
workers. 
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