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Objectives   Although previous epidemiological studies have investigated the relationship between sleep dura-
tion and various cardiovascular events, the results have been inconsistent. Accordingly, we conducted a follow-up 
survey to investigate the relationship between sleep duration and cardiovascular events among male workers, 
accounting for occupational factors that might confound the true relationship.

Methods   A total of 2282 male employees aged 35–54 years based in a factory in Japan were followed for 14 
years. The risk of cardiovascular events was compared among 4 groups stratified based on sleep duration at 
baseline (<6, 6–6.9, 7–7.9, and ≥8 hours). Cardiovascular events included stroke, coronary events and sudden 
cardiac death. The hazard ratios for events were calculated using a Cox proportional hazards model, with the 
7–7.9-hour group serving as a reference. The model was adjusted for potential confounders including traditional 
cardiovascular risk factors and working characteristics.

Results   During 14 years of follow-up, 64 cardiovascular events were recorded including 30 strokes, 27 coronary 
events and 7 sudden cardiac deaths. After adjustment for possible confounders, the hazard ratios for cardiovascular 
and coronary events in the <6-hour group were 3.49 [95% confidence interval (95% CI) 1.30–9.40] and 4.95 (95% 
CI 1.31–18.73), respectively. There was no significant increment in the risk of stroke for any sleep duration groups.

Conclusion   Short sleep duration (<6 hours) was a significant risk factor for coronary events in a Japanese male 
working population. 

Key terms   cardiovascular disease; cardiovascular risk factor; coronary heart disease; follow-up study; stroke.
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Previous epidemiological studies have investigated the 
association between sleep duration and various car-
diovascular events. Long sleep duration significantly 
increases the risk of stroke (1–3). However, the reported 
results are inconsistent for coronary events. Some stud-
ies found a U-shaped relationship between sleep dura-
tion and coronary events (4–5). Whereas other studies 
found a significant increase in the risk of coronary 
events for short sleep duration only among women (1, 
6, 7). This inconsistency for coronary events could be 
due to methodological issues in these studies. Some 

examined the relationship between sleep duration and 
the incidence of cardiovascular events, whereas others 
examined the relationship between sleep duration and 
cardiovascular mortality. More importantly, the major-
ity of the relevant previous studies were conducted in 
populations comprising a broad age range, including 
young, middle-aged, and elderly people, who may have 
had different confounding effects on the true relation-
ship. Among elderly individuals, health status, including 
underlying diseases, strongly influences sleep duration 
(8), whereas among young and middle-aged individuals, 
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sleep duration depends significantly on occupational fac-
tors including working hours (9–13). Since occupational 
factors may confound the true association between sleep 
duration and cardiovascular events among middle-age 
individuals, occupational factors should be considered in 
the determination of the relationship between cardiovas-
cular events and sleep duration. In fact, some previous 
case−control studies have suggested that long working 
hours increased the risk of acute myocardial infarction 
in a working population through sleep deprivation and 
insufficient recovery (14, 15). However, only one pro-
spective study has been conducted to examine the effect 
of sleep duration on the incidence of coronary events, in 
a middle-aged Western working population, with adjust-
ment for occupational factors (16). Therefore, little 
information is available on this topic for middle-aged 
workers. In this 14-year follow-up study, we attempted 
to investigate the relationship between sleep duration 
and cardiovascular events in a middle-aged Japanese 
male population that included only healthy workers.

Methods

Study design and participants

The target population was male workers in a light metal 
factory in Toyama Prefecture, Japan. The Industrial 
Safety and Health Law in Japan requires employers to 
conduct annual health examinations for all employees. 
A total of 7428 employees (4652 males, 2776 females) 
aged 19–69 years underwent a medical examination in 
1994 (participation rate: 91.1%). At the same time, they 
were asked about sleep duration and other health behav-
iors in a self-administered questionnaire (response rate: 
96.4%). Only 2395 male employees aged 35–54 years 
were involved in this survey. Of the 2395 participants, 
113 were excluded due to either a history of previous 
cardiovascular events (N=6), missing information at 
the time of the baseline survey (N=80), or failure to 
obtain information in the follow-up survey (N=27). The 
remaining 2282 participants (770 white-collar and 1512 
blue-collar workers) were included in the final analysis.

This study was approved by the Ethics Committee 
for Epidemiologic Research at Kanazawa Medical Uni-
versity (Ishikawa Prefecture, Japan).

Baseline survey

Data on sleep duration, lifestyle habits, medical histo-
ries, occupational factors, anthropometric indices, blood 
pressure, and blood chemistry were obtained from all 
participants in 1994. The participants were asked to 
report their average sleep duration during the past year 

in hourly units using a self-administered questionnaire. 
Body mass index (BMI) was calculated as kg/m2. A 
single blood pressure measurement was obtained by a 
well-trained nurse using a mercury sphygmomanometer 
placed on the right upper arm of the participants after 
they had rested for 5 minutes in a seated position. Fast-
ing blood samples were collected during the morning. 
Glycated hemoglobin A1c (HbA1c) was measured by 
latex agglutination, and total cholesterol was measured 
by enzyme assay. Data on current smoking habits, drink-
ing habits, leisure-time physical activity, type of job, 
work schedule, working hours, and mental workload 
were collected using a self-administered questionnaire. 
Occasional and daily smokers comprised the group of 
current smokers, while non-smokers and ex-smokers 
comprised the non-smoking group. Drinking habit was 
presented by two variables: frequency of alcohol intake, 
and number of drink consumed on one occasion. One 
drink in our scale was 11.5 g of pure alcohol and nearly 
equal to one “standard” drink in most countries (17). The 
frequency of alcohol consumption was divided into two 
groups: <5 times a week, ≥5 times a week. The number 
of drinks consumed at one drinking session was divided 
into 2 categories: 1–3 drinks and ≥4 drinks. Based on the 
two variables, subjects were divided into 3 groups: (i) 
non-drinkers or drinkers <5 times a week, (ii) drinkers ≥ 
5 times a week and 1–3 drinks at one occasion, and  (iii) 
drinkers ≥5 times a week and ≥4 drinks at one occasion. 
In addition, the questionnaire provided information on 
the use of medications for hypertension, diabetes, and 
hypercholesterolemia. 

Follow-up and measurement of endpoints

The participants were followed-up until December 
2007 for vital status and the incidence of cardiovas-
cular events. For participants who stayed in the target 
factory, questionnaires on medical history in the annual 
health checkups and medical certifications for sickness 
absence were used to obtain information on cardiovas-
cular event history. Participants who retired during the 
follow-up period were sent a questionnaire once a year 
inquiring about their health status and cardiovascular 
events. Information about mortality after retirement was 
obtained through families or company retirement orga-
nizations. To confirm the diagnosis, the medical records 
of participants who consented to this procedure were 
reviewed. In some deceased cases, death certificates 
were referenced. If a retired participant died or did not 
reply to a questionnaire on cardiovascular event history, 
follow-up was stopped at that point.

Cardiovascular events included stroke, coronary 
events, and sudden cardiac death. Stroke was defined 
as any focal neurologic dysfunction of sudden onset 
that lasted ≥24 hours or persisted until death. The type 
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of stroke, based on computed tomography or magnetic 
resonance imaging, was classified as cerebral hemor-
rhage, cerebral infarction or subarachnoid hemorrhage. 
Coronary events were defined as myocardial infarction 
or angina pectoris requiring catheter intervention or 
coronary artery bypass grafting. Myocardial infarction 
was diagnosed based on the World Health Organization 
MONICA project criteria (18). Myocardial infarction 
was defined as typical chest pain with abnormal and 
persistent Q or QS waves in the electrocardiogram and/
or changes in plasma levels of cardiac enzymes. Sud-
den cardiac death was defined as death within 1 hour 
of symptom onset, a witnessed cardiac arrest or abrupt 
collapse.

Statistical analysis

The subjects were stratified into 4 groups based on sleep 
duration at baseline (<6, 6–6.9, 7–7.9, and ≥8 hours), 
and the incidence of cardiovascular events, coronary 
events and stroke was compared among the groups. The 
hazard ratios (HR) for events were calculated using a 
Cox proportional hazards model, with the 7–7.9-hour 
group serving as a reference. We used 3 different Cox 
models to determine the HR. Model 1 was adjusted for 
age (continuous variable) only. Model 2 was adjusted for 
age and occupational factors including type of job (blue 
collar=1, white collar=0), working hours (≥10 hours/
day: yes=1, no=0) and mental workload (severe=1, oth-
ers=0). Model 3 was adjusted for the factors in Model 
2 and BMI (continuous variable), mean blood pressure 
(continuous variable), HbA1c (continuous variable), total 
cholesterol (continuous variable), current smoking habit 
(yes=1, no=0), drinking habit [≥5 times/week and 1–3 
drinks at one occasion (yes=1, no=0), ≥5 times/week and 
≥4 drinks at one occasion (yes=1, no=0)], leisure-time 
physical activity [≥30 minutes each time and ≥1 time/
week (yes=1, no=0)], and medication for hypertension 
(yes=1, no=0), diabetes (yes=1, no=0), and hypercholes-
terolemia (yes=1, no=0). All continuous variables were 
normally distributed.

Chi-square test for categorical variables and one-way 
analysis of variance for continuous variables were used.

Analyses were performed using SPSS 16.0 software 
(SPSS Inc, Chicago, IL, USA). All probability values 
were two-tailed and the level of statistical significance 
was set at P<0.05.

Results

Table 1 shows baseline age, anthropometric and bio-
logical data, lifestyle habits and occupational factors 
for all subjects as well as for the subjects in each of 

the four groups. The number of participants in each 
group was 84 for <6 hours, 559 for 6–6.9 hours, 1131 
for 7–7.9 hours and 508 for ≥8 hours sleep duration. 
The proportion of white-collar and shift workers was 
highest in the <6-hour group. The prevalence of work-
ing for ≥10 hours and severe mental workload were 
also the highest in the <6-hour group. The prevalence 
of drinking was the highest in the ≥8-hour group. No 
remarkable differences were observed among the four 
groups for age, anthropometric and biological data, 
current smoking, leisure-time physical activity and 
medical histories. 

Over 14 years of follow-up, 64 cardiovascular 
events were recorded, including 30 strokes (6 cerebral 
hemorrhages, 18 cerebral infarctions and 6 subarach-
noid hemorrhages); 27 coronary events (24 myocardial 
infarctions, 3 cases of angina pectoris treated by cath-
eter intervention or coronary artery bypass grafting); 
and 7 sudden cardiac deaths. The crude incidence rate 
of cardiovascular events (per 1000 person years) was 
2.26. The mean observation time was 8.6 years [stan-
dard error (SE) 3.7] among subjects with events and 
12.5 years (SE 2.5) among subjects without events. 
The crude incidence rates of all cardiovascular events 
(per 1000 person-years) were: 6.17 for <6 hours, 1.87 
for 6–6.9 hours, 1.91 for 7–7.9 hours, and 2.87 for ≥8 
hours (table 2). 

Compared to the 7–7.9-hour group, the HR for 
cardiovascular events in the other three groups were (i) 
3.24 [95% confidence interval (95% CI) 1.34–7.86] for 
<6 hours, (ii) HR=1.02 (95% CI 0.52–1.97) for 6−6.9 
hours, and (iii) HR=1.41 (95% CI 0.78–2.56) for ≥8 
hours in model 1, with adjustment only for age (table 
2). In model 2, with adjustment for age, type of job, 
working hours and mental workload, the HR in the 
three groups were not attenuated. Shift work related 
strongly with sleep hours and other occupational fac-
tors except for mental workload. Also shift work was 
not found to be a significant cardiovascular risk among 
our subjects and so it was not put into the model. 
With further adjustment for traditional cardiovascular 
risk factors, including baseline anthropometric and 
biological data, medical treatment and lifestyle habits 
in model 3, the HR in the <6-hour group was similar 
to that of model 2 (HR=3.49, 95% CI 1.30–9.35). 
Although the risk of cardiovascular events tended to 
increase in the ≥8-hour group, it did not reach statisti-
cal significance (HR=1.71, 95% CI 0.90–3.24). A simi-
lar association was found for coronary events, with a 
significant increase in the risk of coronary events only 
in the <6-hour group (HR=4.95, 95% CI 1.31–18.73). 
There was no significant increment in the risk of stroke 
for any sleep duration groups, although the risk tended 
to increase in the ≥8-hour group (HR=2.25, 95% CI 
0.91–5.57). 
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Discussion

This follow-up study demonstrated that a short sleep 
duration of <6 hours significantly increased the risk 
of coronary events compared with a sleep duration of 
7–7.9 hours among middle-aged Japanese male workers. 
The increase in the risk of events was independent of 
traditional cardiovascular risk factors and occupational 
factors. In contrast, long sleep duration of ≥8 hours had 
no significant effects on the risk of cardiovascular or 
coronary events. As for stroke, there was no significant 
relationship with sleep duration.

Our results are consistent with the results of some, 
but not all previous studies that have investigated the 
relationship between sleep duration and coronary events 
in a general population with a broad age range. Amagai 
et al (7) reported that short sleep duration (<6 hours) 
was a significant risk factor for myocardial infarction 
among Japanese women aged 18–90 years. Furthermore, 
the MONICA/KORA Augsburg cohort study (6) found 
that the risk of myocardial infarction was significantly 

higher with a sleep duration of <6 hours compared with 
8 hours among women aged 45–74 years. However, both 
studies did not find a significant increased risk among 
men. In addition, a female cohort study conducted by 
Ayas et al (5) showed a U-shaped relationship between 
coronary events and sleep duration. Only the Whitehall 
II cohort study in the United Kingdom (16) targeted a 
middle-aged working population similar to ours. The 
results of that study suggested that short sleep duration 
of <6 hours increased the risk of coronary events when 
accompanied with sleep disturbance. Although we could 
not investigate the effect of sleep disturbance, our results 
largely agree with that. Moreover, it should be noted that 
we observed the adverse effect of short sleep duration in 
an Asian population that has a lower coronary event rate 
than that observed in Western populations (19).  

Our study did not find any significant relationship 
between sleep duration and stroke rate. Although the risk 
of stroke tended to increase in the ≥8-hour group, it did 
not reach statistical significance. However, the Women’s 
Health Initiative Observational Study (2) found an 
increased risk of ischemic stroke due to long sleep 

Table 1. Baseline risk characteristics of the total population and the four groups of sleep duration, 1994. [SD=standard deviation; NS=not 
significant (P≥0.05).]

Characteristics All participants 
(N=2282)

Sleep duration P  
value a

<6 hours  
(N=84)

6–6.9 hours 
(N=559)

7–7.9 hours  
(N=1131)

≥8 hours
(N=508)

% Mean SD % Mean SD % Mean SD % Mean SD % Mean SD

Age years 43.7 5.5 43.7 6.3 43.1 5.6 43.6 5.4 44.3 5.6 <0.01

Type of job (white collar) 33.7 39.3 35.6 36.0 25.8 <0.001

Work schedule (shift work) 24.2 40.5 30.5 21.3 20.7 <0.001
Working hours (≥10hours/day) 25.5 47.6 29.5 24.2 20.3 <0.001

Mental workload (severe) 7.3 17.9 11.4 6.9 1.8 <0.001

Body mass index (kg/m2) 22.9 2.7 23.2 2.6 23.1 2.8 22.9 2.7 22.7 2.6 NS

Systolic blood pressure (mmHg) 119.3 14.6 119.7 15.4 119.7 14.7 118.5 14.4 120.7 14.9 <0.05

Diastolic blood pressure (mmHg) 75.7 11.0 76.0 11.9 75.4 11.0 75.2 10.8 77.0 11.0 <0.05

Mean blood pressure (mmHg) 104.8 12.6 105.1 13.4 104.9 12.7 104.1 12.3 106.1 12.7 <0.05

Glycated hemoglobin A1c (HbA1c) 5.12 0.62 5.14 0.5 5.11 0.7 5.13 0.6 5.11 0.6 NS

Total cholesterol (mg/dl) 203.6 34.5 207.5 32.9 203 35.6 202.8 33.3 205.6 35.9 NS

Current smoking habit (yes) 59.9 61.9 61.4 57.7 61.6 NS

Drinking habit b <0.001

≥5 times a week and 1–3 drinks 
at one occasion

25.4 26.2 21.0 28.8 27.3 

≥5 times a week and ≥4 drinks 
at one occasion

24.9 25.0 23.6 23.9 33.5 

Leisure-time physical activity  
(<1/week)

58.1 67.9 58.3 56.3 60.0 NS

Medication for hypertension 8.5 10.7 8.2 7.9 9.6 NS
Medication for diabetes 0.6 1.2 0.4 0.4 1.0 NS
Medication for hyperlipidemia 0.9     1.2     0.7     0.6     1.6     NS

a Chi-square test for categorical variables and one-way analysis of variance for continuous variables.
b One drink is defined as containing 11.5 g of ethanol.
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duration among postmenopausal women. In addition, 
the Japan Collaborative Cohort Study for Cancer Risk 
(JACC) study (1) reported an increased mortality from 
ischemic stroke among subjects with long sleep hours, 
but not from hemorrhagic stroke, among Japanese men 
and women of a wide age range. 

The strength of our study was that we included 
only middle-aged workers in the study population and 
the HR for events were adjusted for several potential 
confounding factors. Since there is a U-shaped associa-
tion between sleep duration and diabetes (20), and an 
inverse association between sleep duration and hyper-
tension (21–23) and dyslipidemia (24), these traditional 
cardiovascular risk factors may confound the associa-
tion between sleep duration and cardiovascular events. 
However, our study, as well as many previous studies, 
showed that the increase in cardiovascular and coronary 
risk was independent of these confounding influences. In 
addition to traditional risk factors, occupational factors 
should also be considered. In previous studies, shorter 
sleep duration has been associated with longer working 
hours (9–13). Shift work induces sleep problems (25). 
Furthermore, there is an increase in working hours with 
an increase in mental workload (26, 27). Our data also 
showed that the prevalence of long working hours and 

having severe mental workload and the proportion of 
shift workers were the highest in the shorter sleep dura-
tion group. Nevertheless, our results indicate that short 
sleep duration had an adverse effect on coronary events 
independent of those occupational factors. 

Our study had some limitations. First, study partici-
pants consisted solely of male workers in one factory. 
Since the number of coronary events among females 
was too small to bear the statistical analysis, we did not 
include female subjects in our study. It is necessary to be 
cautious, therefore, when generalizing our results. Sec-
ond, since the sample size for those who report short and 
long sleep duration were relatively small, there might 
be some limitation in statistical power. In addition, we 
were not able to analyze ischemic and hemorrhagic 
strokes separately due to the small number of events. 
Third, sleep duration was assessed using only a single 
self-reported questionnaire. However, this has been a 
common method of sleep assessment in prior studies. 
In addition, there is little difference in sleep duration 
between self-reporting and actigraphic measurement 
(28). Forth, sleep duration was evaluated only at base-
line, and we could not evaluate the effects of change of 
sleep hours like a study by Ferrie et al (29), which found 
that change of sleep hours was a risk for cardiovascular 

Table 2. Hazard ratios (HR) for cardiovascular events during 14 years of follow–up, grouped according to sleep duration at baseline. 
[95% CI= 95% confidence interval.] 

Participants  Events  Person–years 
of follow–up

Crude  
incidence 

rate a

Model 1 b, c Model 2 b, d Model 3 b, e

    HR 95% CI HR 95% CI HR 95% CI

Cardiovascular events f

Sleep duration <6.0 hours 84 6 973 6.17 3.24 1.34–7.86 3.63 1.48–8.89 3.49 1.30–9.40
Sleep duration 6.0–6.9 hours 559 13 6954 1.87 1.02 0.52–1.97 1.08 0.55–2.10 1.11 0.55–2.25
Sleep duration 7.0–7.9 hours 1131 27 14163 1.91 1.00 reference 1.00 reference 1.00 reference
Sleep duration ≥8 hours 508 18 6280 2.87 1.41 0.78–2.56 1.41 0.76–2.60 1.71 0.90–3.24

Stroke
Sleep duration <6.0 hours 84 2 973 2.06 2.40 0.54–10.74 2.64 0.59–11.89 1.84 0.23–14.90

Sleep duration 6.0–6.9 hours 559 5 6954 0.72 0.88 0.31–2.49 0.92 0.33–2.62 0.96 0.30–3.10

Sleep duration 7.0–7.9 hours 1131 12 14163 0.85 1.00 reference 1.00 reference 1.00 reference

Sleep duration ≥8 hours 508 11 6280 1.75 1.95 0.86–4.43 1.78 0.77–4.12 2.25 0.91–5.57

Coronary events

Sleep duration <6.0 hours 84 3 973 3.08 4.10 1.14–14.69 5.13 1.39–18.86 4.95 1.31–18.73

Sleep duration 6.0–6.9 hours 559 6 6954 0.86 1.15 0.42–3.10 1.28 0.47–3.53 1.12 0.40–3.13

Sleep duration 7.0–7.9 hours 1131 11 14163 0.78 1.00 reference 1.00 reference 1.00 reference
  Sleep duration ≥8 hours 508 7 6280 1.11 1.35 0.52–3.49 1.53 0.58–4.04 1.78 0.67–4.76
a Crude incidence rate was expressed per 1000 person–years.
b A Cox proportional regression model.
c Adjusted for age.
d Adjusted for age, type of job, working hours, and mental workload.
e Adjusted for factors in Model 2 and body mass index, mean blood pressure, HbA1c, total cholesterol, current smoking habit, drinking habit, leisure–

time physical activity , and medication for hypertension, diabetes, and hypercholesterolemia. 
f Cardiovascular events include stroke, coronary events (myocardial infarction or angina requiring catheter or surgical intervention) and sudden cardiac 

death.
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disease or all cause mortality. Finally, information on 
sleep quality other than sleep duration was not taken 
into account. Furthermore, sleep apnea is also a risk 
for cardiovascular events (30). These factors related to 
short sleep duration were not considered in our analyses 
because that information was not available. 

In conclusion, short sleep duration (<6 hours) was 
a significant risk factor for coronary events among a 
middle-aged Japanese male working population. Our 
results suggest that ensuring appropriate sleep hours by 
modifying lifestyle and controlling occupational factors 
is important to prevent cardiovascular and coronary 
events among middle-aged men. 
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