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deaths are officially certified as work-related deaths, that is, 
karoshi. The Labour Standards Bureau of Japan’s Ministry 
of Health, Labour and Welfare reported that the number 
of work-related cardiovascular events peaked in 2007 (392 
cases) and remained at ∼300 cases/year from 2008 to 2015.3

Two Japanese case-control studies reported significant 
associations between longer working hours (≥60 h/week or 
more than 11 h/day) and increased risk of acute myocardial 
infarction and stroke; however, those studies found that 
there was also increased risk associated with shorter working 
hours (≤40 h/week or ≤7 h/day).5,6 The increased risk asso-
ciated with shorter working hours may be attributed to the 

W orking long hours is associated with risk of cardio-
vascular disease. A recent meta-analysis involving 
studies from Europe, the United States, and 

Australia showed that long working hours were associated 
with a higher risk of coronary artery disease and stroke, as 
compared with standard working hours.1 The Organiza-
tion for Economic Cooperation and Development (OECD) 
reported that working hours in Japan has fallen below the 
OECD average working hours since 19982 because of the 
increased proportion of part-time workers.3,4 However, 
deaths from cardiovascular events due to working over-
time are recognized as a serious social issue in Japan. Such 
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Background: Evidence from prospective cohort studies regarding the relationship between working hours and risk of cardiovascu-
lar disease is limited

Methods and Results: The Japan Public Health Center-Based Prospective Study Cohort II involved 15,277 men aged 40–59 years 
at the baseline survey in 1993. Respondents were followed up until 2012. During the median 20 years of follow up (257,229 person-
years), we observed 212 cases of acute myocardial infarction and 745 stroke events. Cox proportional hazards models adjusted for 
sociodemographic factors, cardiovascular risk factors, and occupation showed that multivariable-adjusted hazard ratios (HRs) asso-
ciated with overtime work of ≥11h/day were: 1.63 (95% confidence interval [CI] 1.01–2.63) for acute myocardial infarction and 0.83 
(95% CI 0.60–1.13) for total stroke, as compared with the reference group (working 7 to <9 h/day). In the multivariable model, 
increased risk of acute myocardial infarction associated with overtime work of ≥11 h/day was more evident among salaried employ-
ees (HR 2.11, 95% CI 1.03–4.35) and men aged 50–59 years (HR 2.60, 95% CI 1.42–4.77).

Conclusions: Among middle-aged Japanese men, working overtime is associated with a higher risk of acute myocardial infarction.
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a common informed consent practice in Japan at the time 
of the baseline survey.

Working hours were determined by items in the baseline 
(“How long [number of hours] do you work per day?”), 
5-year follow-up (“Choose your working hour category 
from the following: <5 h/day, 5 to <9 h/day, or ≥9 h/day”), 
and 10-year follow-up questionnaires (“Choose your 
working hours category from the following: <1 h/day, 1 to 
<3 h/day, 3 to <5 h/day, 5 to <7 h/day, 7 to <9 h/day, 9 to 
<11 h/day, or ≥11 h/day”). We did not use the 5-year fol-
low-up questionnaire because the middle category (5 to 
<9 h/day) included participants with both fewer than stan-
dard working hours (5 to <7 h/day) and standard working 
hours (7 to <9 h/day). Using the baseline and 10-year fol-
low-up questionnaires, we categorized working hours as: 
shorter working hours (<7 h/day), reference group (7 to 
<9 h/day), 1–2 h of overtime work (9 to <11 h/day), and 
≥3 h of overtime work (≥11 h/day) because there was a 
small number of cases in the <1 h/day, 1 to <3 h/day, and 3 
to <5 h/day working hours categories. Shorter working 
hours included work hours on weekdays that amounted to 
less than three-quarters of a full-time job (mostly 40 h/
week) according to Japan’s Industrial Safety and Health 
Act and Employees’ Pension Insurance Law.13,14 Overtime 
working included work hours on weekdays that exceeded 
standard working hours; Japan’s Labor Standards Law 
defines the maximum working time as 8 h/day.15 As for 
basic statistics, we used data from the response to the 
question “Have you changed your job during the past 5 
years?” in both the 5- and 10-year follow-up surveys.

Confirmation of Acute Myocardial Infarction and Stroke 
Incidence
Details of the methods used for recording acute myocar-
dial infarction and stroke have been published elsewhere.16 
In brief, 50 registered hospitals in the five PHC areas were 
included in surveillance for acute myocardial infarction 
and stroke. Registered hospital workers or PHC physicians 
(blinded to lifestyle data) reviewed the medical records. 
Acute coronary and stroke events were registered if they 
occurred after the return date of the baseline questionnaire 
and before 1 January 2013.

Acute myocardial infarction was confirmed in the medi-
cal records according to the Monitoring Trends and Deter-
minants of Cardiovascular Disease project criteria, which 
require evidence from electrocardiograms, cardiac biomark-
ers, or autopsy.17 A probable diagnosis was made if there 
was typical chest pain, but no such workup was performed. 
For cases with typical prolonged chest pain (>20 min) 
without confirmation by electrocardiogram or cardiac 
enzyme studies, the diagnosis was recorded as possible 
myocardial infarction and grouped together with myocar-
dial infarction cases. Stroke was confirmed in accordance 
with the National Survey of Stroke criteria,18 which require 
a constellation of neurological deficits with sudden or rapid 
onset lasting at least 24 h, or until death. For each type of 
stroke (e.g., hemorrhagic [subarachnoid or intraparenchy-
mal] stroke), a definite diagnosis was established based on 
examination of computed tomography scans, magnetic 
resonance images, or autopsy.19 Sudden cardiac death was 
defined as death of unknown origin that occurred within 
1 h of the event onset. Total cardiovascular disease included 
acute myocardial infarction, sudden cardiac death, and 
total stroke. Only first-ever cardiovascular events during 
follow up were included in the analyses.

reversal of cause and effect.5,6 In contrast, two Japanese 
prospective cohort studies with relatively small sample sizes 
(≤1,600 participants) and short follow-up periods (≤6 years) 
found no significant association between working hours 
and risk of cardiovascular disease.7,8

When assessing risk in relation to cardiovascular events, 
it is necessary to take into account changes in working 
hours during the follow-up period. To assess this, we used 
a model that included working hours and potential con-
founders as time-dependent variables. We hypothesized 
that: (1) working overtime could be associated with higher 
risk of acute myocardial infarction and stroke compared 
with standard working hours; (2) this association may be 
more evident for salaried employees than for non-salaried 
employees because long working hours are likely to be 
accompanied by greater job demands and less job control;9 
and (3) this association may be more evident at older ages 
than younger ages because long working hours are likely 
to be accompanied by greater physical and mental stress 
for older workers than for younger ones. We tested these 
hypotheses in a large cohort of middle-aged Japanese men.

Methods
Study Population and Data Retrieval for Analysis
The Japan Public Health Center-Based Prospective (JPHC) 
Study Cohort II is an ongoing community-based cohort 
study that started in 1993 and encompasses six public 
health center (PHC) areas. Details of the JPHC study 
design have been published elsewhere.10 In Japan, the PHC 
is a local government facility (single administrative unit) 
that is responsible for public health matters. Participants 
(n=63,216) from one PHC area (Osaka) were excluded from 
the present study because follow-up data were unavailable. 
The total study population comprised residents of the five 
included PHC areas who were aged 40–69 years at the time 
of the baseline survey in 1993. There were 52,256 respon-
dents (24,805 men, 27,451 women), giving an 82.7% response 
rate. We excluded women from the present analysis because 
the average working hours for women (4.00 h/day) were 
approximately half the average for men (8.11 h/day).11 We 
also excluded men who: were non-Japanese or moved 
before the study began (n=11); reported a history of can-
cer, coronary artery disease, or stroke at baseline (n=1,048); 
did not have adequate information on their working hours 
(n=1,692); were aged 60–69 years (n=6,500), because 
Japanese employees typically retired at age 60 years at the 
time of the baseline survey; and those who were unem-
ployed or homemakers (n=277). Therefore, the population 
for the present study comprised 15,277 men. This study 
was approved by the Institutional Review Board of the 
National Cancer Center Japan and Osaka University.

Baseline and Follow-up Surveys
Self-administered questionnaires were distributed to all 
residents at baseline (1993–1994) and at 5- (1998) and 10-year 
(2003) follow ups. Respondents reported the following 
demographic characteristics: height; weight; medical his-
tory (including hypertension, diabetes mellitus, hyperlipid-
emia, cardiovascular disease, and cancer); smoking and 
drinking habits; and diet. Incomplete answers were supple-
mented by information acquired through telephone inter-
views.12 Informed consent was obtained before respondents 
completed the questionnaire or from community leaders 
rather than from the individuals themselves. The latter was 



Circulation Journal Vol.83, May 2019

1074 HAYASHI R et al.

(yes, no), history of diabetes mellitus (yes, no), history of 
hyperlipidemia (yes, no), smoking status (never, former, 
current), alcohol intake (never, former, <300 g [alcohol]/
week, ≥300 g/week), walking or standing time (<1 h/day, 1 to 
<3 h/day, ≥3 h/day), and sleep duration (hours). The third 
model was further adjusted for occupation (salaried 
employee, agriculture/forestry/fishery worker, self-employed, 
professional worker, multiple occupational worker, unclas-
sified occupational worker, homemaker, and unemployed). 
For the sensitivity analysis accounting for the competing 
risk of death, the Fine and Gray model was used to estimate 
subhazard ratios of acute myocardial infarction and total 
stroke.21 Furthermore, we conducted the analysis by 
excluding acute myocardial infarction and stroke events 
that took place in the first 3 years of follow up to examine 
the reverse causation, as in a previous meta-analysis.1

We performed stratification by occupation (salaried 
employees and non-salaried workers) and age (40–49 and 
50–59 years). Interaction terms were generated by multi-
plying each category of working hours (h/day) by dichoto-
mous stratification of occupation and age, and were added 

Statistical Analysis
Statistical analyses were based on incidence rates of acute 
myocardial infarction or stroke from 1993 to the first inci-
dence, other outcomes (death or relocation), or the end of 
2012, whichever came earlier. We calculated mean values 
and proportions for selected cardiovascular risk factors for 
each working hour category using analysis of covariance. 
Associations between these categories and risk of acute 
myocardial infarction and stroke were examined using Cox 
proportional hazards regression models, including time-
dependent variates at the baseline and 10-year follow-up 
surveys.20 The follow up for each participant was divided 
into 2 time periods (from baseline to 10-year follow up, 
and from 10-year follow up to end of follow up) to take 
retirement into account. For each time period, a separate 
Cox analysis was carried out, and weighted hazard ratios 
(HRs) and 95% confidence intervals (CIs) were calculated. 
Three models were constructed with progressive adjustment 
for potential confounders. The first model was adjusted for 
baseline age (years). The second model was also adjusted 
for body mass index (BMI) (kg/m2), history of hypertension 

Table 1. Cardiovascular Risk Characteristics According to Working Hours at Baseline and at 10-Year Follow up

Working hours (h/day)
Baseline 10-year follow up

<7 7 to <9 9 to <11 ≥11 <7 7 to <9 9 to <11 ≥11

No. of participants 694 6,596 5,945 2,042 4,095 4,994 2,484 1,099

Age, years 51.2±6.1‡ 48.9±5.9 48.5±5.8‡ 48.1±5.7‡ 61.9±5.5‡ 57.6±5.5 56.6±5.2‡ 55.7±4.9‡

Body mass index, kg/m2 24.1±3.3† 23.8±3.0 　23.6±2.9*　 23.8±3.0　 23.8±3.0　 23.8±3.0 23.7±2.9　 23.9±2.9　
History of hypertension 126 (18)　 1,087 (16) 　　　928 (16)　 　　　297 (15)　 1,136 (28)‡ 　　　956 (19) 　　　　382 (15)‡ 156 (14)‡

History of diabetes mellitus 60 (9)　 　421 (6) 　325 (5)　 　118 (6)　 　280 (7)‡ 　231 (5) 　　　94 (4) 36 (3)　
History of hyperlipidemia 20 (3)　 　206 (3) 　197 (3)　 　　　61 (3)　 　236 (6)‡ 　182 (4) 　　　88 (4) 36 (3)　
Alcohol consumption

  Never 161 (25)‡ 1,082 (18) 　　　898 (16)　 　　　345 (18)　 　　　629 (17)† 　　　656 (16) 　　　283 (15) 124 (15)　
  Former 25 (4)　 　164 (3) 　115 (2)　 　　　53 (3)　 　309 (9)‡ 　169 (4) 　　　88 (5) 32 (4)　
  <300 g/week 256 (40)‡ 3,317 (55) 3,195 (58)‡ 1,043 (55)　 1,562 (43)　 1,815 (45) 　　　877 (46) 408 (48)　
  ≥300 g/week 197 (31)† 1,492 (25) 1,265 (23)　 　　　460 (24)　 1,128 (31)　 1,434 (35) 　　　655 (34) 285 (34)　
Smoking status

  Never 190 (28)　 1,661 (25) 1,514 (26)　 　　　491 (24)　 1,189 (30)‡ 1,204 (27) 　　　　512 (25)† 228 (25)　
  Former 120 (17)　 1,250 (19) 1,177 (20)　 　　　426 (21)　 1,208 (31)‡ 1,182 (27) 　　　590 (29) 257 (28)　
  Current 376 (55)　 3,633 (56) 3,219 (55)　 1,110 (55)　 1,540 (39)† 2,031 (46) 　　　　918 (45)† 431 (47)　
Walking or standing

  <1 h/day 　　96 (14)　 1,016 (16) 　　　706 (12)‡ 　　　238 (12)‡ 1,736 (48)‡ 1,659 (41) 　　　　704 (39)‡ 355 (43)　
  1–3 h/day 203 (29)† 1,595 (24) 1,347 (23)　 　　　413 (20)‡ 1,150 (32)‡ 1,032 (26) 　　　544 (30) 226 (27)　
  ≥3 h/day 391 (57)　 3,932 (60) 3,863 (65)‡ 1,381 (68)‡ 　　　758 (21)‡ 1,309 (33) 　　　　555 (31)‡ 　248 (30)*　
Sleep duration, h/day 　　7.5±1.4　 　　7.4±1.1 　　7.4±1.0‡ 　　6.9±1.2‡ 　　　7.2±1.1*　 　　7.2±1.0 　　7.0±1.0‡ 　　6.7±1.0‡

 Same job as the one held at  
baseline at the 5-year follow up

– – – – 1,820 (70)‡ 1,268 (82) 　　　500 (85) 170 (86)　

Same job during the past 5 years – – – – 1,966 (51)‡ 3,460 (84) 1,686 (85) 784 (86)　
Occupation

  Salaried employee 129 (19)‡ 3,944 (60) 3,196 (54)‡ 　　　858 (42)‡ 　　　306 (11)‡ 1,743 (42) 　　　　881 (46)‡ 464 (52)‡

  Agriculture, forestry and 
    fishery worker

269 (40)‡ 　　　851 (13) 　　　817 (14)　 　　　375 (18)‡ 1,058 (38)‡ 　　　561 (13) 　　　220 (12) 80 (9)†

  Self-employee 172 (25)‡ 　　　966 (15) 1,044 (18)‡ 　　　513 (25)‡ 　　　623 (22)‡ 　　　777 (19) 　　　370 (19) 142 (16)　
  Professional worker 20 (3)　 　239 (4) 　　165 (3)*　 　　　48 (2)† 　115 (4)‡ 　340 (8) 　144 (8) 74 (8)　
  Multiple occupational worker 　　78 (11)† 　501 (8) 　　　663 (11)‡ 　　　231 (11)‡ 　　　322 (12)　 　　　509 (12) 　　　210 (11) 　　94 (11)　
  Unclassified worker 13 (2)‡ 　　　　　　29 (0.4) 　　　　　　17 (0.3)　 　　　　　　　　6 (0.3)　 　232 (8)† 　262 (6) 　　　　76 (4)† 40 (4)　
  Homemaker Excluded Excluded Excluded Excluded 　　　　　　　　4 (0.1)* 　　　　　0 (0) 　　　　　0 (0) 　　0 (0)　
  Unemployed Excluded Excluded Excluded Excluded 　129 (5)‡ 　　　　　0 (0) 　　　　　0 (0) 　　0 (0)　

Data are presented as mean ± SD or number (%), unless otherwise stated. –, no data; Excluded, excluded homemakers and unemployed at 
baseline. *P<0.05, †P<0.01, and ‡P<0.001, tested for difference from 7 to <9 h/day working hours.
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reference), 38.9% in the 9 to <11 h/day group, and 13.4% 
in the ≥11 h/day group. Men with ≥3 h of overtime work 
(≥11 h/day) were younger, had longer hours (≥3 h/day) of 
walking or standing, and shorter sleep duration (hours) 
than those who worked standard hours. Men who worked 
shorter hours were older, had higher mean BMI, and more 
likely to consume more alcohol (≥300 g/day) than those 
who worked standard hours. The proportions of partici-
pants in the working hour groups at the 10-year follow-up 
survey were: 32.3% in the <7 h/day group, 39.4% in the 7 
to <9 h/day group, 19.6% in the 9 to <11 h/day group, and 
8.7% in the ≥11 h/day group. Men who worked ≥11 h/day 
(≥3 h of overtime) were younger, had the lower prevalence 
of hypertension history, and had shorter sleep duration 
than those who worked standard hours. Men who worked 
shorter hours were older, had higher prevalence hyperten-
sion histories, diabetes and hyperlipidemia, lower preva-
lence of being a current smoker, shorter hours (<1 h/day) 
of walking or standing, and longer sleep duration than 

to the Cox proportional hazards model to assess interac-
tions. The proportional hazard assumption was tested 
using the logarithm of the follow-up periods (<10 and ≥10 
years) by working hours; it was not violated for acute 
myocardial infarction (P=0.30 for <10 years and 0.18 for 
≥10 years, respectively) or for total stroke (P=0.94 for <10 
years and 0.56 for ≥10 years, respectively). SAS 9.4 (SAS 
Institute Inc., Cary, NC, USA) was used for the statistical 
analyses. All probability values for statistical tests were 
2-sided, and P<0.05 was regarded as statistically significant.

Results
Table 1 shows the mean values and proportions of respon-
dents’ cardiovascular risk characteristics by working hours 
at baseline (n=15,277) and at the 10-year follow up 
(n=12,672). The proportions of participants in the working 
hour groups at baseline were: 4.5% in the <7 h/day group, 
43.2% in the 7 to <9 h/day group (standard working hours, 

Table 2. Age- and Multivariable-Adjusted HRs and 95% CIs of Cardiovascular Diseases According to Working Hours

Working hours (h/day)
P for trend*

<7 7 to <9 9 to <11 ≥11

Person-years 43,460 106,503　　　　　　 78,257 29,008

No. at risk at baseline 　　　　　694 　　　　6,596　　　　　　 　　5,945 　　2,042

No. at risk at 10-year survey 　　4,095 　　　　4,994　　　　　　 　　2,484 　　1,099

Acute myocardial infarction

  No. of cases 　　　　　　　50 　　　76 　　　　　　　58 　　　　　　　28

  Age-adjusted HR (95% CI) 1.09 (0.74–1.61) 1.00 1.14 (0.81–1.61) 1.52 (0.98–2.34) 0.07

  Multivariable-adjusted HR (95% CI)† 1.23 (0.82–1.85) 1.00 1.23 (0.85–1.77) 1.66 (1.04–2.64) 0.05

  Multivariable-adjusted HR (95% CI)‡ 1.29 (0.81–2.05) 1.00 1.22 (0.84–1.77) 1.63 (1.01–2.63) 0.07

Sudden cardiac death

  No. of cases 　　　　　　　　　8 　　　12 　　　　　　　10 　　　　　　　　　1
  Age-adjusted HR (95% CI) 1.20 (0.45–3.21) 1.00 1.22 (0.52–2.84) 　　　　　　　　　– 0.66

  Multivariable-adjusted HR (95% CI)† 1.21 (0.45–3.27) 1.00 1.02 (0.41–2.52) 　　　　　　　　　– 0.71

  Multivariable-adjusted HR (95% CI)‡ 1.11 (0.34–3.56) 1.00 1.08 (0.43–2.73) 　　　　　　　　　– 0.68

Total stroke

  No. of cases 　　　　　209 　283 　　　　　194 　　　　　　　59

  Age-adjusted HR (95% CI) 1.13 (0.93–1.37) 1.00 1.04 (0.87–1.25) 0.88 (0.67–1.17) 0.26

  Multivariable-adjusted HR (95% CI)† 1.10 (0.89–1.35) 1.00 1.05 (0.86–1.28) 0.85 (0.62–1.15) 0.21

  Multivariable-adjusted HR (95% CI)‡ 1.04 (0.82–1.32) 1.00 1.06 (0.87–1.29) 0.83 (0.60–1.13) 0.21

Hemorrhagic stroke

  No. of cases 　　　　　　　73 　118 　　　　　　　91 　　　　　　　21

  Age-adjusted HR (95% CI) 1.06 (0.77–1.46) 1.00 1.14 (0.86–1.50) 0.72 (0.45–1.15) 0.15

  Multivariable-adjusted HR (95% CI)† 1.00 (0.71–1.40) 1.00 1.15 (0.86–1.54) 0.62 (0.37–1.06) 0.08

  Multivariable-adjusted HR (95% CI)‡ 1.07 (0.73–1.56) 1.00 1.20 (0.89–1.62) 0.64 (0.37–1.09) 0.08

Ischemic stroke

  No. of cases 　　　　　135 　164 　　　　　103 　　　　　　　37

  Age-adjusted HR (95% CI) 1.15 (0.90–1.48) 1.00 0.98 (0.76–1.25) 0.98 (0.69–1.41) 0.73

  Multivariable-adjusted HR (95% CI)† 1.15 (0.88–1.50) 1.00 0.97 (0.74–1.27) 1.00 (0.68–1.47) 0.84

  Multivariable-adjusted HR (95% CI)‡ 1.00 (0.73–1.37) 1.00 0.96 (0.73–1.26) 0.95 (0.64–1.41) 0.79

Total cardiovascular disease

  No. of cases 　　　　　266 　371 　　　　　262 　　　　　　　88

  Age-adjusted HR (95%CI) 1.12 (0.94–1.33) 1.00 1.07 (0.91–1.25) 1.00 (0.79–1.26) 0.75

  Multivariable-adjusted HR (95% CI)† 1.12 (0.94–1.35) 1.00 1.08 (0.91–1.28) 0.99 (0.77–1.28) 0.74

  Multivariable-adjusted HR (95% CI)‡ 1.09 (0.88–1.34) 1.00 1.09 (0.92–1.30) 0.97 (0.75–1.25) 0.69

HR, hazard ratio; CI, confidence interval; –, not determined due to the small number of case. *Calculated among ≥7 h/day workers. †Adjusted 
further for body mass index, history of hypertension, history of diabetes mellitus, history of hyperlipidemia, smoking, alcohol consumption, 
hours of walking or standing, and sleep duration (h). ‡Adjusted further for occupation.
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HRs were 1.23 (95% CI 0.76–2.00) for <7 h/day, 1.10 (95% 
CI 0.73–1.67) for 9 to <11 h/day, and 1.83 (95% CI 1.13–
2.97) for ≥11 h/day.

Table 3 shows the multivariable-adjusted HRs of acute 
myocardial infarction according to working hours, strati-
fied by occupation and age group. The increased risk of 
acute myocardial infarction associated with working ≥11 h/
day and <7 h/day was more evident among salaried employ-
ees than non-salaried employees, although the interaction 
by occupation was not statistically significant (P for inter-
action=0.97). The increased risk of acute myocardial infarc-
tion associated with working ≥11 h/day tended to be confined 
to older ages (50–59 years), but the interaction did not 
reach statistical significance (P for interaction=0.13). Fur-
thermore, taking retirement into account, we performed 
stratification analyses using a combination of age (40–49 
and 50–59 years) and follow-up periods (<10 and ≥10 
years). Among older participants (aged 50–59 years), the 
HRs of acute myocardial infarction within the first 10 
years were 2.44 (95% CI 0.93–6.39) for <7 h/day, 1.66 (95% 
CI 0.89–3.09) for 9 to <11 h/day, and 3.03 (95% CI 1.42–
6.46) for ≥11 h/day; the HRs for ≥10 years were 1.24 (95% 
CI 0.61–2.51), 0.71 (95% CI 0.24–2.12) and 2.20 (95% CI 
0.74–6.58) respectively. In contrast, no such trend was 
observed for younger ages; the HRs of acute myocardial 
infarction within the first 10 years were 0.65 (95% CI 0.08–
5.16) for <7 h/day, 0.99 (95% CI 0.48–2.04) for 9 to 
<11 h/day, and 0.79 (95% CI 0.26–2.42) for ≥11 h/day; the 

those who worked standard hours.
At the 5-year follow-up survey of 12,672 men aged 

45–64 years, the proportions of participants who had kept 
the same job since baseline (5 years earlier) in line with 
their working hour group of <7 h/day, 7 to <9 h/day, 9 to 
<11 h/day, and ≥11 h/day were 70%, 82%, 85%, and 86% 
respectively. At the 10-year follow up of 12,672 men aged 
50–69 years, these corresponding proportions were 51%, 
84%, 85%, and 86% respectively. Only 5% of them were 
unemployed.

During the median 20-year follow up, we observed 212 
cases of acute myocardial infarction and 745 stroke events. 
Table 2 presents the age- and multivariable-adjusted HRs 
for cardiovascular diseases according to working hours. 
Men who worked ≥11 h/day tended to have a higher risk of 
acute myocardial infarction than those who worked stan-
dard hours. This association was statistically significant 
after adjustment for cardiovascular risk factors and occu-
pation. No such trends were observed for other outcomes. 
In the competing risk model, the results were similar; the 
subhazard ratios for acute myocardial infarction were 1.61 
(95% CI 0.68–3.84) for <7 h/day, 1.29 (95% CI 0.81–2.04) 
for 9 to <11 h/day, and 1.77 (95% CI 0.97–3.23) for ≥11 h/
day; those for total stroke were 0.83 (95% CI 0.47–1.44) for 
<7 h/day, 1.13 (95% CI 0.88–1.46) for 9 to <11 h/day, and 
0.83 (95% CI 0.55–1.25) for ≥11 h/day. When we repeated 
the analyses, excluding incident cases during the first 3 years 
of follow up, the results were not altered significantly; the 

Table 3. Multivariable-Adjusted HRs and 95% CIs of Acute Myocardial Infarction According to Working Hours, Stratified by 
Occupation and Age Groups

Working hours (h/day)
P for trend*

<7 7 to <9 9 to <11 ≥11

Salaried employees

  Person-years 　　4,018 52,059 37,700 12,070

  No. at risk at baseline 　　　　　129 　　3,944 　　3,196 　　　　　858

  No. at risk at 10-year survey 　　　　　306 　　1,743 　　　　　881 　　　　　464

  No. of cases 　　　　　　　　　8 　　　　　　　33 　　　　　　　27 　　　　　　　10

  Multivariable-adjusted HR (95% CI)† 2.49 (1.12–5.56) 　　　　1.00 1.46 (0.87–2.46) 2.11 (1.03–4.35) 0.08　　
Non-salaried employees

  Person-years 27,895 47,037 35,122 15,062

  No. at risk at baseline 　　　　　552 　　2,586 　　2,706 　　1,173

  No. at risk at 10-year survey 　　2,483 　　2,449 　　1,020 　　　　　430

  No. of cases 　　　　　　　29 　　　　　　　34 　　　　　　　25 　　　　　　　14

  Multivariable-adjusted HR (95% CI)† 1.25 (0.73–2.13) 　　　　1.00 1.11 (0.65–1.90) 1.48 (0.78–2.81) 0.31　　
Age, 40–49 years

  Person-years 13,720 63,116 48,632 19,573

  No. at risk at baseline 　　　　　260 　　3,580 　　3,386 　　1,226

  No. at risk at 10-year survey 　　1,212 　　3,235 　　1,807 　　　　　878

  No. of cases 　　　　　　　10 　　　　　　　30 　　　　　　　28 　　　　　　　10

  Multivariable-adjusted HR (95% CI)‡ 1.03 (0.45–2.34) 　　　　1.00 1.24 (0.71–2.15) 0.94 (0.42–2.10) 0.87　　
Age, 50–59 years

  Person-years 29,740 43,387 29,625 　　9,435

  No. at risk at baseline 　　　　　434 　　3,016 　　2,559 　　　　　816

  No. at risk at 10-year survey 　　2,883 　　1,759 　　　　　677 　　　　　221

  No. of cases 　　　　　　　40 　　　　　　　46 　　　　　　　30 　　　　　　　18

  Multivariable-adjusted HR (95% CI)‡ 1.52 (0.85–2.71) 　　　　1.00 1.25 (0.75–2.07) 2.60 (1.42–4.77) 0.004

HR, hazard ratio; CI, confidence interval. *Calculated among ≥7 h/day workers. †Adjusted for age, body mass index, history of hypertension, 
history of diabetes mellitus, history of hyperlipidemia, smoking, alcohol consumption, hours of walking or standing, and sleep duration (hours). 
‡Adjusted further for occupation.
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has been associated with major atherosclerosis risk factors 
such as hypertension,28 diabetes mellitus,29 and hypercho-
lesterolemia.30 The prospective Kuopio Ischemic Heart 
Disease Risk Factor Study involving Finnish men aged 
42–60 years found that work time (days/week or h/year) 
was positively associated with the progression of carotid 
atherosclerosis,31 a strong risk factor for acute myocardial 
infarction32,33 and thromboembolic stroke.34,35

The excess risk of acute myocardial infarction associated 
with long working hours among salaried employees in the 
present study was consistent with the results of previous 
studies. Several reports have shown that long working 
hours (≥55 h/week,1,36 41–45 h/week,9 and 11–12 h/day37) 
are associated with increased risk of mortality from cardio-
vascular disease, compared with standard working hours, 
among salaried employees,1,9,36,37 but not among non-sala-
ried workers.9 The Northern Ireland Mortality Study, 
including 414,949 workers aged 20 to 59 or 64 years (official 
retirement ages), showed an association between long 
working hours (≥55 h/week) and risk of total cardiovascular 
disease mortality, compared with the reference group (30–
40 h/week), among men with routine occupations; multi-
variable-adjusted HR of 1.49 (95% CI 1.10–2.00).9 
However, no associations were observed among manage-
rial/professional male workers, with a multivariable-
adjusted HR of 0.95 (95% CI 0.69–1.34), and self-employed 
men including farmers, with a multivariable-adjusted HR 
of 0.96 (95% CI 0.72–1.29).9 The Whitehall II cohort study 
of British civil servants aged 31–61 years showed a stronger 
association between long working hours (11–12 h/day) and 
risk of coronary artery disease among employees with 
lower decision latitude (HR 1.78, 95% CI 1.10–2.89) than 
those with high decision latitude (HR 1.26, 95% CI 0.77–
2.04).37 A previous study of 1,198 employees from 5 branches 
of a manufacturing company in Japan indicated that long 
working hours (≥80 h/week) was associated with increased 
psychological distress among employees with low job 
control, but not among those with high job control.38 
Thus, the increased risk of acute myocardial infarction 
among salaried men in the present study may be owing to 
higher psychosocial job strain (high job demand plus low 
job control) than among self-employed workers.

The excess risk of acute myocardial infarction associated 
with fewer working hours (<7 h/day) among salaried 
employees could be owing to the presence of preclinical 
cardiovascular disease or unspecified illness that raises the 
future risk of myocardial infarction. Some of the salaried 
employees who work shorter hours may have been forced 
to work in time-limited jobs because of their illness or poor 
health conditions of the person. This result was consistent 
with the findings from previous studies.5,6 A case-control 
study of 526 Japanese men aged 30–69 years showed that 
short working hours (≤7 h/day) as well as long working 
hours (>11 h/day), compared with working 7–9 h/day were 
associated with an increased risk of acute myocardial 
infarction, with an odds ratios of 3.07 (95% CI 1.77–5.32) 
and 2.44 (95% CI 1.26–4.73) respectively.6 Another case-
control study of 1,117 Korean men and women aged 20–65 
years showed that those with the longest (>52 h/week) and 
shortest (≤40 h/week) working hours had increased risk of 
cardiovascular disease, including acute myocardial infarc-
tion, subarachnoid hemorrhage, intracerebral hemorrhage, 
and cerebral infarction, in comparison with the reference 
work time (40–48 h/week): odds ratios 2.90 (95% CI 1.86–
4.52) and 3.46 (95% CI 2.38–5.03) respectively.5 However, 

HRs for ≥10 years were 1.13 (95% CI 0.43–2.93), 1.58 (95% 
CI 0.68–3.66), and 1.30 (95% CI 0.41–4.07) respectively, 
among the younger age groups.

Discussion
In this large, long-term cohort study involving middle-aged 
men, with a median follow up of 20 years, we found that 
working ≥11 h/day was associated with increased risk of 
acute myocardial infarction but not of stroke. Further-
more, the increased risk associated with working ≥11 h/day 
was more evident among salaried employees and men aged 
50–59 years.

Our finding regarding acute myocardial infarction was 
consistent with the results of previous meta-analyses, 
whereas our results for stroke were not.1,22,23 A meta-anal-
ysis involving 6 case-control and 5 cohort studies reported 
that working ≥60 h/week was associated with increased risk 
of cardiovascular disease, including acute myocardial 
infarction and stroke, with an odds ratio of 1.37 (95% CI 
1.11–1.70), in comparison with working <40 h/week.23 
Another meta-analysis, including 4 cohort studies and 
comparing long working hours with standard working 
hours as defined in each study, found an association 
between long working hours and risk of coronary artery 
disease, with a relative risk of 1.39 (95% CI 1.12–1.72).22 A 
more recent meta-analysis of 25 large cohort studies 
showed that working long hours (≥45 h/week in 5 published 
studies, ≥55 h/week in 20 unpublished studies) was associ-
ated with increased relative risks of coronary artery disease 
(1.13, 95% CI 1.02–1.26) and stroke (1.33, 95% CI 1.11–
1.61) compared with working standard hours.1 However, 
that meta-analysis did not include the results of 2 Japanese 
cohort studies.1,7,8 A 3.7-year cohort study of 797 white-
collar Japanese workers aged 20–60 years found no signifi-
cant association between long working hours (≥50 h/week) 
and risk of incident cardiovascular disease (hypertension, 
ischemic heart diseases, intracerebral hemorrhage, cerebral 
infarction, cerebral atherosclerosis, and atherosclerosis) in 
comparison with reference working hours (<50 h/week), 
with a relative risk of 1.26 (95% CI 0.59–2.69).8 Another 
7-year follow-up study of 908 Japanese men aged 40–65 
years with hypertension also found no significant associa-
tion between long working hours (≥10 h/day) and risk of 
incident cardiovascular disease (cerebral hemorrhage, 
cerebral infarction, subarachnoid hemorrhage, myocardial 
infarction, heart failure, aortic aneurysmal rupture, or 
sudden death) as compared with the reference (<10 h/day): 
multivariable-adjusted HR 1.45 (95% CI 0.67–3.14).7 
However, these 2 studies did not follow participants after 
retirement and had low statistical power owing to a small 
number of cardiovascular disease cases (12 for ≥50 h/week 
and 11 for ≥10 h/day).

Our finding of no association between long working 
hours and risk of total stroke was inconsistent with the 
results of a previous meta-analysis showing that working 
long hours (≥11 h/day) was associated with greater risk of 
total stroke, with a multivariable-adjusted relative risk of 
1.33 (95% CI 1.11–1.61).1 The lack of an association in our 
study is considered to be owing to the lower proportion of 
thromboembolic infarction in Japanese (∼25%)24 than 
Caucasian (∼50%) populations;25,26 the effect of long working 
hours may be stronger for thromboembolic stroke as well 
as acute myocardial infarction, in which atherosclerosis of 
large arteries is the basic pathology.27 Long working hours 
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the information on working hours, some participants might 
have retired or changed their type of work. The present 
exposure variable might be a marker of other causal vari-
ables associated with working time before such changes 
occurred. Third, weekly working hours and employment 
patterns (e.g., full- and part-time work) were not surveyed; 
therefore, the reported daily working hours might not always 
represent weekly working hours (e.g., if a person worked 
5 days/week, the mean regular working hours would be 
8.8 h/day because the mean weekly working hours among 
Japanese men were reported as 44 h/week).43 Finally, we 
could not exclude the qualitative aspects of work, such as 
psychosocial job control and shift work, which might 
affect the outcomes.

Conclusions
Compared with standard working hours (7 to <9 h/day), 
working overtime (≥11 h/day) is associated with higher 
risk of acute myocardial infarction among middle-aged 
Japanese men.
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