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PREVIOUS COHORT STUDIES HAVE DEMONSTRATED 
THAT SHORT OR LONG SLEEP DURATION IS ASSOCI-
ATED WITH THE INCIDENCE OF OR MORTALITY FROM 
cardiovascular disease,1-4 as well as total mortality.1,3-6 The Na-
tional Health and Nutrition Examination Survey I showed a 
1.5-fold increase in the risk of stroke for persons with more 
than 8 hours of sleep, compared with those with 6 to 8 hours 
of sleep.1 The Nurse’s Health Study also reported that, com-
pared with 8 hours of sleep, short or long sleep duration of 5 or 
more hours or 9 or more hours was associated with an increased 
incidence of coronary heart disease for women aged 40 to 65 
years,2 and, compared with 7 hours of sleep, long sleep duration 
of 9 or more hours was associated with mortality from cardio-
vascular disease, noncardiovascular disease/noncancer, and all 
causes, whereas short sleep duration of 5 hours or less was as-
sociated with mortality from all causes and noncardiovascular 
disease for women aged 40 to 65 years.3 The Whitehall II cohort 

study found a U-shaped association between sleep duration and 

mortality from cardiovascular disease and noncardiovascular 
disease and between sleep duration and all causes for men and 
women aged 35 to 55 years.4 An earlier report of our Japanese 
cohort study5 also showed a U-shaped relationship between 
sleep duration and total mortality, but cause-specific analyses 
were not carried out. Thus, the association between short or 
long sleep duration and mortality from cardiovascular disease 
and other causes for Japanese men and women has remained 
unclear.

To examine the sex-specific associations of sleep duration 
and mortality from stroke, coronary heart disease, and other 
causes, as well as total mortality, we analyzed the extended 
follow-up data from a large-scale prospective study of approxi-
mately 98,000 Japanese men and women.

METHODS

Study Population

The Japan Collaborative Cohort Study for Evaluation of Can-
cer Risk sponsored by Monbusho (JACC study) was conducted 
from 1988 to 1990, when 110,792 subjects (46,465 men and 
64,327 women) aged 40 to 79 years and living in 45 commu-
nities across Japan participated in municipal health-screening 
examinations and completed self-administered questionnaires, 
including lifestyle data and medical histories of previous cardio-
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vascular disease and cancer at baseline. The details of the study 
procedure have been described previously.7 In most communi-
ties, informed consent was obtained individually and directly 
from members of the cohort, whereas, in several communities, 
informed consent was obtained at the community level after the 
purpose of the study and confidentiality of the data had been 
explained to community leaders and mayors. Of the 110,792 
cohort participants, data from 6782 (2613 men and 4169 wom-
en) were excluded because of missing information on sleep du-
ration, as were data from 5376 subjects (2363 men and 3013 
women) who reported a history of cancer, stroke, or coronary 
heart disease. Finally, a total of 41,489 men and 57,145 women 
were included in the study.

Mortality Surveillance

For mortality surveillance in each of the communities, inves-
tigators conducted a systematic review of death certificates, all 
of which had been forwarded to the public health center in the 
area of residency. Mortality data were then centralized at the 
Ministry of Health and Welfare, and the underlying causes of 
death were coded for the National Vital Statistics according to 
the International Classification of Diseases, 10th revision (ICD-
10). Therefore, all deaths that occurred in the cohort were ascer-
tained by death certificates from a public health center, except 
for subjects who died after they had moved from their original 
community, in which case the subject was treated as withdraw-
als from observation when they moved out. Cause-specific mor-
tality was determined separately in terms of cancer (C00-C97), 
total cardiovascular disease (I01-I99), coronary heart disease 
(I20-I25), and total stroke (I60-I69); noncardiovascular disease/
noncancer was listed as the cause of death when cardiovascular 
disease and cancer were excluded. Stroke deaths were further 
subdivided into intraparenchymal hemorrhage (I61), subarach-
noid hemorrhage (I60), and ischemic stroke (I63 and I693). The 
follow-up is believed to be complete and accurate as a result of 
systematic examination of death certificates and residency sta-
tus. By December 31, 2003, except for 4 communities in which 
follow-up was terminated at the end of 1999, 14,540 subjects 
were treated as withdrawals from observation when they died, 
and 4188 subjects were treated as withdrawals from observa-
tion when they moved out of the study community. The median 
follow-up period for the participants was 14.3 years. This study 
was approved by the ethics committees of the Nagoya Univer-
sity School of Medicine and the University of Tsukuba.

Baseline Survey

The baseline data were collected by means of a self-admin-
istered questionnaire, which included sleep duration; demo-
graphic characteristics; and histories of hypertension, diabetes 
mellitus, and other chronic diseases, as well as habits related to 
smoking, alcohol consumption, diet, and exercise. We obtained 
information about the average sleep duration on weekdays dur-
ing the preceding year. The average sleep duration per day was 
classified into 7 categories: less than 4.5 hours ( ≤ 4 hours); 5, 
6, 7, 8, and 9 hours; and equal to or longer than 9.5 hours ( ≥ 
10 hours). Fractions hours were rounded off (eg, 7 hours repre-
sented responses from 6.5 to 7.4 hours). Depressive symptom 

was assessed by using 4 psychological or behavior items5: (1) 
Do you think that your life is meaningful? (2) Do you think 
that you make decisions quickly? (3) Are you enjoying your 
life? (4) Do you feel that others rely very much on you? These 
4����������������������������������������������������������     items were then combined into an overall index of depres-
sive symptoms. Questions with positive/neutral or negative re-
sponses were scored as 0 or 1, respectively. Thus, the overall 
index of depressive symptoms had a possible range from 0 to 
4 (Cronbach α coefficient of 0.52), and subjects were grouped 
according to whether they had no symptoms, 1 symptom, or 2 
or more symptoms. The reproducibility and validity for dietary 
intake have been reported elsewhere.8

Statistical Analysis

Statistical analyses were based on sex-specific mortality 
rates of disease outcomes and all cause during the follow-up 
period from 1988-1990 to 2003 (to 1999 for 4 communities). 
The person-years of follow-up were calculated from the date 
of filling out the baseline questionnaire to death, moving out of 
the community, or the end of follow-up, whichever came first. 
Sex-specific age-adjusted mean values and prevalence of car-
diovascular risk factors were calculated. The sex-specific haz-
ard ratios with 95% confidence interval (CI) of mortality from 
disease outcomes and all causes were calculated with reference 
to the risk for 7 hours of sleep. These estimates were adjusted 
for age and other potential confounding factors by means of 
the Cox proportional hazards model. The other potential con-
founding factors were history of hypertension, history of dia-
betes, body mass index (sex-specific quintiles), smoking status 
(never, exsmoker, current smoker of 1-19, and current smoker 
of ≥ 20 cigarettes per day), alcohol consumption (nondrinker, 
exdrinker, current drinker of 0.1-22.9, 23.0-45.9, 46.0-68.9, and 
≥ 69.0 g ethanol per day), hours of exercise (almost never and 
1-2, 3-4, and ≥ 5 hours per week), hours of walking (almost 
never and 0.5, 0.6-0.9, and ≥ 1 hours per day), perceived mental 
stress (low, moderate, and high), depressive symptoms (0, 1, 
and ≥ 2 symptoms), education level ( < 13, 13-15, 16-18, and ≥ 
19 years), regular employment or not, fresh fish intake (almost 
never, 1 to 2 days a month, 1 to 2 days a week, 3 to 4 days a 
week, and almost every day). SAS (SAS, Inc., Cary, NC)(ver-
sion 9.13) was used for all statistical analyses.

RESULTS

After a follow-up of 1,270,585 person-years, the deaths of 
1964 (men and women: 1038 and 926) from stroke, 881 (508 
and 373) from coronary heart disease, 4287 (2297 and 1990) 
from total cardiovascular disease, 5465 (3432 and 2033) from 
cancer, and 14,540 (8548 and 5992) from all causes had been 
documented.

Table 1 shows sex-specific age-adjusted mean values or 
prevalence of risk characteristics at baseline by sleep-duration 
category. The respective percentages of ≤ 4, 5, 6, 7, 8, 9, and ≥ 
10 hours of sleep were 1%, 3%, 13%, 32%, 39%, 8%, and 4%, 
respectively, for men and 1%, 5%, 20%, 38%, 29%, 5%, and 
2%, respectively, for women. Compared with 7 hours of sleep, 
short or long sleep duration tended to be associated with older 
age and more depressive symptoms for both men and women. 
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Men and women with short sleep duration were more likely 
to have high perceived mental stress, whereas those with long 
sleep duration were less educated.

Tables 2 show sex-specific, age-adjusted, and multivariable 
hazard ratios of total stroke, stroke subtypes, coronary heart 
disease, total cardiovascular disease, cancer, noncardiovascular 
disease/noncancer, and all causes by sleep duration. Increased 
risks of age-adjusted mortality from total and ischemic strokes 
and total cardiovascular disease, cancer, noncardiovascular dis-
ease/noncancer, and all causes were observed among men and 
women with 10 or more hours of sleep, compared with those 
with 7 hours of sleep. These associations, except for mortal-
ity from cancer, were slightly weaker but remained statistically 
significant after adjustment for cardiovascular risk factors and 
depressive symptoms. The respective multivariable hazard ra-
tios (95% CI) of mortality from total and ischemic strokes, total 
cardiovascular disease, noncardiovascular disease/noncancer, 
and all causes for long sleepers were 1.66 (1.31-2.08), 1.58 
(1.19-2.12), 1.56 (1.33-1.83), 1.66 (1.44-1.91), and 1.41 (1.29-
1.54), respectively, for men, and 1.69 (1.29-2.20), 2.37 (1.70-
3.32), 1.54 (1.28-1.86), 1.99 (1.65-2.39), and 1.56 (1.40-1.75), 
respectively, for women.

There was an increased risk of mortality from coronary 
heart disease for women with 4 or fewer hours and 5 hours of 
sleep, compared with those with 7 hours of sleep. The respec-
tive multivariable hazard ratios (95% CI) for those with 4 or 
fewer hours and 5 hours of sleep were 2.32 (1.19-4.50) and 1.64 
(1.07-2.53). Short sleep of 4 or fewer hours for men tended to 
be associated with an increased risk of mortality from hemor-
rhagic stroke, although this association did not reach statistical 
significance (hazard ratio = 2.15, 95% CI: 0.78-5.89, P = 0.14). 
When stratified by alcohol-consumption status, the multivari-
able hazard ratios of mortality from hemorrhagic stroke for 
male short sleepers ( ≤ 4 and 5 hours of sleep) were 2.03 (1.01-
4.08) for current drinkers and 1.33 (0.38-4.66) for exdrinkers or 
never drinkers. After further adjustment for individual quantity 
of alcohol consumption as a continuous variable, the multivari-
able hazard ratio for male short sleepers was 1.92 (95% CI: 
0.96-3.86, P = 0.07). Also, short sleep duration or 4 or fewer 
hours was associated with increased risk of mortality from non-
cardiovascular disease/noncancer for both men and women; the 
multivariable hazard ratios were 1.49 (1.02-2.18) for men and 
1.47 (1.01-2.15) for women.

Sleep Duration and CVD and Other Causes—Ikehara et al

Table1—Sex-Specific, Age-Adjusted Mean Values or Prevalence of Cardiovascular Risk Factors at Baseline by Sleep Duration

						      Sleep duration, h/day
			   ≤ 4	 5	 6	 7	 8	 9	 ≥ 10
Men							     
	 No. at risk	 215	 1142	 5513	 13423	 16042	 3491	 1663
		  Age, y	 60.1	 58.6	 56.1	 55.1	 57.3	 60.2	 64.4
		  BMI, kg/m2	 22.3	 22.7	 22.9	 22.6	 22.6	 22.4	 22.5
		  Overweight	 18.9	 21.9	 22.0	 17.8	 17.5	 17.2	 18.6
		  History of hypertension 	 27.0	 24.8	 20.4	 19.4	 19.9	 21.5	 22.9
		  History of diabetes 	 13.4	 7.8	 7.5	 6.5	 6.3	 6.1	 7.1
		  Ethanol intake, g/day	 41.9	 36.7	 33.4	 32.1	 34.9	 37.4	 40.1
		  Current smoker 	 47.3	 45.8	 50.3	 53.5	 55.5	 56.8	 58.7
		  College or higher education 	 12.1	 17.5	 20.1	 19.8	 16.2	 12.4	 11.1
		  High perceived mental stress 	 37.9	 37.7	 31.4	 23.6	 19.3	 20.3	 20.8
		  2 or more depressive symptoms 	 14.5	 9.2	 6.1	 4.5	 5.2	 7.3	 10.0
		  Exercise ≥ 5 h/wk 	 9.5	 7.5	 6.8	 6.7	 7.2	 8.8	 7.8
		  Walking ≥ 1 h/day	 42.4	 45.8	 46.5	 49.3	 51.3	 53.0	 51.3
		  Regular employment 	 60.7	 73.1	 76.7	 77.8	 76.6	 72.9	 68.8
	 	 Fresh fish intake, no./wk	 6.4	 6.8	 6.7	 6.8	 7.1	 7.1	 7.4
Women							    
	 No. at risk	 430	 2699	 11668	 21501	 16643	 2935	 1269
		  Age, y	 62.8	 58.5	 55.6	 55.4	 59.0	 63.0	 67.5
		  BMI, kg/m2	 22.8	 22.8	 22.9	 22.8	 23.0	 23.1	 23.2
		  Overweight 	 21.0	 23.1	 22.4	 21.5	 23.6	 25.2	 26.7
		  History of hypertension 	 22.9	 23.6	 22.1	 22.2	 22.8	 22.0	 23.9
		  History of diabetes 	 2.8	 5.0	 3.9	 3.5	 3.9	 4.0	 4.4
		  Ethanol intake, g/day	 12.9	 13.0	 10.1	 9.5	 11.1	 12.2	 13.4
		  Current smoker 	 7.8	 8.5	 5.7	 4.7	 5.3	 4.9	 7.9
		  College or higher education 	 9.7	 11.4	 11.5	 10.4	 9.0	 7.0	 7.1
		  High perceived mental stress 	 36.8	 30.7	 24.6	 19.2	 16.7	 16.6	 19.4
		  2 or more depressive symptoms 	 17.1	 10.1	 7.4	 7.0	 7.8	 10.6	 19.1
		  Exercise ≥ 5 h/wk 	 4.3	 5.2	 4.4	 4.3	 5.1	 4.4	 4.3
		  Walking ≥ 1 h/day 	 50.4	 49.7	 51.7	 51.9	 52.0	 53.0	 44.6
		  Regular employment	 32.5	 33.7	 34.8	 34.1	 31.6	 29.4	 31.1
	 	 Fresh fish intake, no./wk	 6.0	 6.7	 6.9	 7.1	 7.3	 7.2	 7.2

Data are presented as percentage, except age, body mass index (BMI), ethanol intake, and fresh fish intake, which are presented as mean.
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tality, with a nadir at 7 hours of sleep. These associations were 
essentially unchanged when we excluded subjects whose events 
occurred within 5 years after baseline. Compared with women 

As for total cardiovascular disease for women and noncar-
diovascular disease and all causes for men and women, there 
was a U-shaped relationship between sleep duration and mor-

Sleep Duration and CVD and Other Causes—Ikehara et al

Table 2—Sex-Specific Hazard Ratios and 95% Confidence Intervals for Mortality from Cardiovascular Disease and Other Causes by Sleep 
Duration

							       Sleep duration (h/day)
				    ≤ 4	 5	 6	 7	 8	 9	 ≥ 10
Men
Person-years	 2501	 14176	 69125	 173026	 204761	 43152	 18724
	 Total stroke
		  No.	 10	 28	 105	 244	 413	 126	 112
			   Age-adjusted HR (95%CI)	 1.62 (0.86-3.06)	 0.95 (0.64-1.40)	 0.96 (0.76-1.21)	 1.00	 1.15 (0.98-1.35)	 1.25 (1.00-1.55)	 1.90 (1.51-2.38)
			   Multivariable HR (95%CI)	 1.56 (0.82-2.94)	 0.85 (0.58-1.26)	 0.95 (0.76-1.20)	 1.00	 1.11 (0.95-1.30)	 1.14 (0.92-1.42)	 1.66 (1.31-2.08)
		  Hemorrhagic stroke
		  No.	 4	 11	 40	 82	 145	 31	 26
			   Age-adjusted HR (95%CI)	 2.45 (0.90-6.70)	 1.29 (0.69-2.43)	 1.14 (0.78-1.67)	 1.00	 1.30 (0.99-1.71)	 1.10 (0.73-1.67)	 1.73 (1.10-2.70)
			   Multivariable HR (95%CI)	 2.15 (0.78-5.89)	 1.20 (0.64-2.26)	 1.13 (0.77-1.65)	 1.00	 1.27 (0.97-1.66)	 1.01 (0.66-1.53)	 1.56 (0.99-2.45)
		  Ischemic stroke
		  No.	 5	 15	 50	 143	 235	 85	 74
			   Age-adjusted HR (95%CI)	 1.18 (0.48-2.87)	 0.78 (0.46-1.34)	 0.75 (0.55-1.04)	 1.00	 1.07 (0.87-1.31)	 1.29 (0.98-1.69)	 1.84 (1.39-2.45)
			   Multivariable HR (95%CI)	 1.28 (0.52-3.15)	 0.70 (0.41-1.20)	 0.76 (0.55-1.04)	 1.00	 1.02 (0.83-1.26)	 1.18 (0.90-1.55)	 1.58 (1.19-2.12)
	 Coronary heart disease
		  No.	 1	 17	 53	 140	 206	 54	 37
			   Age-adjusted HR (95%CI)	 0.31 (0.04-2.18)	 1.05 (0.64-1.75)	 0.86 (0.63-1.18)	 1.00	 1.02 (0.83-1.27)	 0.99 (0.72-1.35)	 1.19 (0.82-1.72)
			   Multivariable HR (95%CI)	 0.29 (0.04-2.05)	 1.02 (0.62-1.70)	 0.86 (0.63-1.19)	 1.00	 1.02 (0.82-1.27)	 0.96 (0.70-1.31)	 1.12 (0.77-1.63)
	 Total cardiovascular disease
		  No.	 16	 70	 248	 548	 913	 274	 228
			   Age-adjusted HR (95%CI)	 1.17 (0.71-1.92)	 1.06 (0.83-1.36)	 1.01 (0.87-1.18)	 1.00	 1.14 (1.02-1.26)	 1.22 (1.05-1.41)	 1.74 (1.48-2.03)
			   Multivariable HR (95%CI)	 1.11 (0.67-1.83)	 0.99 (0.77-1.27)	 1.01 (0.87-1.18)	 1.00	 1.11 (1.00-1.24)	 1.14 (0.99-1.32)	 1.56 (1.33-1.83)
	 Cancer
		  No.	 26	 91	 413	 940	 1361	 385	 216
			   Age-adjusted HR (95%CI)	 1.31 (0.89-1.94)	 0.90 (0.72-1.12)	 1.02 (0.91-1.14)	 1.00	 1.04 (0.96-1.13)	 1.13 (1.01-1.28)	 1.17 (1.00-1.35)
	 	 	 Multivariable HR (95%CI)	 1.24 (0.84-1.83)	 0.90 (0.72-1.12)	 1.03 (0.92-1.16)	 1.00	 1.02 (0.94-1.11)	 1.07 (0.95-1.21)	 1.10 (0.94-1.27)
	 Noncardiovascular/noncancer
		  No.	 28	 104	 359	 660	 1040	 342	 286
			   Age-adjusted HR (95%CI)	 1.76 (1.20-2.57)	 1.34 (1.09-1.65)	 1.23 (1.08-1.39)	 1.00	 1.09 (0.99-1.20)	 1.30 (1.14-1.48)	 1.89 (1.64-2.17)
		  	 Multivariable HR (95%CI)	 1.49 (1.02-2.18)	 1.20 (0.97-1.48)	 1.20 (1.06-1.37)	 1.00	 1.06 (0.96-1.17)	 1.20 (1.05-1.37)	 1.66 (1.44-1.91)
	 All causes
		  No.	 70	 265	 1020	 2148	 3314	 1001	 730
			   Age-adjusted HR (95%CI)	 1.42 (1.12-1.80)	 1.08 (0.95-1.23)	 1.08 (1.00-1.16)	 1.00	 1.08 (1.02-1.14)	 1.21 (1.12-1.30)	 1.56 (1.43-1.69)
		  	 Multivariable HR (95%CI)	 1.29 (1.02-1.64)	 1.02 (0.90-1.16)	 1.08 (1.00-1.16)	 1.00	 1.06 (1.00-1.12)	 1.13 (1.05-1.22)	 1.41 (1.29-1.54)
Women
Person-years	 5183	 34039	 151458	 284289	 217774	 37576	 14801
	 Total stroke
		  No.	 12	 46	 125	 228	 339	 96	 80
			   Age-adjusted HR (95%CI)	 1.15 (0.64-2.05)	 1.05 (0.77-1.45)	 0.95 (0.76-1.18)	 1.00	 1.28 (1.08-1.51)	 1.35 (1.06-1.71)	 1.87 (1.44-2.43)
			   Multivariable HR (95%CI)	 1.07 (0.59-1.91)	 0.99 (0.72-1.37)	 0.93 (0.75-1.16)	 1.00	 1.24 (1.05-1.47)	 1.29 (1.01-1.64)	 1.69 (1.29-2.20)
		  Hemorrhagic stroke
		  No.	 3	 19	 54	 115	 142	 33	 13
			   Age-adjusted HR (95%CI)	 0.74 (0.24-2.35)	 1.01 (0.62-1.64)	 0.84 (0.61-1.17)	 1.00	 1.19 (0.93-1.52)	 1.16 (0.78-1.71)	 0.84 (0.47-1.50)
			   Multivariable HR (95%CI)	 0.68 (0.22-2.15)	 0.93 (0.57-1.52)	 0.82 (0.60-1.14)	 1.00	 1.17 (0.91-1.51)	 1.16 (0.78-1.72)	 0.78 (0.43-1.40)
		  Ischemic stroke
		  No.	 9	 27	 62	 94	 159	 52	 61
			   Age-adjusted HR (95%CI)	 1.67 (0.84-3.32)	 1.31 (0.86-2.02)	 1.10 (0.80-1.51)	 1.00	 1.33 (1.03-1.72)	 1.48 (1.05-2.09)	 2.68 (1.92-3.73)
			   Multivariable HR (95%CI)	 1.57 (0.79-3.13)	 1.26 (0.82-1.94)	 1.10 (0.79-1.51)	 1.00	 1.29 (1.00-1.67)	 1.38 (0.98-1.95)	 2.37 (1.70-3.32)
	 Coronary heart disease
		  No.	 10	 28	 60	 83	 127	 45	 20
			   Age-adjusted HR (95%CI)	 2.40 (1.24-4.64)	 1.68 (1.09-2.58)	 1.24 (0.89-1.72)	 1.00	 1.27 (0.96-1.67)	 1.61 (1.11-2.32)	 1.16 (0.70-1.90)
			   Multivariable HR (95%CI)	 2.32 (1.19-4.50)	 1.64 (1.07-2.53)	 1.23 (0.88-1.72)	 1.00	 1.24 (0.94-1.64)	 1.52 (1.05-2.19)	 1.04 (0.63-1.72)
	 Total cardiovascular disease
		  No.	 30	 117	 275	 470	 725	 217	 156
			   Age-adjusted HR (95%CI)	 1.34 (0.93-1.95)	 1.28 (1.04-1.56)	 1.01 (0.87-1.17)	 1.00	 1.31 (1.16-1.47)	 1.43 (1.22-1.69)	 1.70 (1.41-2.04)
		  	 Multivariable HR (95%CI)	 1.28 (0.88-1.86)	 1.22 (1.00-1.50)	 1.00 (0.86-1.16)	 1.00	 1.28 (1.14-1.44)	 1.37 (1.17-1.62)	 1.54 (1.28-1.86)
	 Cancer
		  No.	 24	 113	 333	 672	 638	 156	 97
			   Age-adjusted HR (95%CI)	 1.16 (0.77-1.75)	 1.10 (0.90-1.34)	 0.90 (0.79-1.03)	 1.00	 0.97 (0.87-1.08)	 1.05 (0.88-1.25)	 1.28 (1.03-1.59)
		  	 Multivariable HR (95%CI)	 1.14 (0.76-1.72)	 1.07 (0.87-1.31)	 0.90 (0.79-1.03)	 1.00	 0.95 (0.85-1.06)	 1.01 (0.85-1.21)	 1.20 (0.97-1.50)
	 Noncardiovascular/noncancer
		  No.	 29	 92	 314	 446	 676	 224	 161
			   Age-adjusted HR (95%CI)	 1.56 (1.07-2.28)	 1.15 (0.91-1.43)	 1.35 (1.17-1.56)	 1.00	 1.35 (1.20-1.52)	 1.72 (1.46-2.02)	 2.16 (1.79-2.60)
	 		  Multivariable HR (95%CI)	 1.47 (1.01-2.15)	 1.07 (0.85-1.34)	 1.34 (1.16-1.54)	 1.00	 1.33 (1.18-1.50)	 1.65 (1.40-1.94)	 1.99 (1.65-2.39)
	 All causes
		  No.	 83	 322	 949	 1588	 2039	 597	 414
			   Age-adjusted HR (95%CI)	 1.34 (1.08-1.67)	 1.17 (1.03-1.32)	 1.06 (0.98-1.15)	 1.00	 1.18 (1.10-1.26)	 1.37 (1.25-1.51)	 1.70 (1.52-1.90)
		  	 Multivariable HR (95%CI)	 1.28 (1.03-1.60)	 1.11 (0.98-1.25)	 1.05 (0.97-1.14)	 1.00	 1.16 (1.08-1.24)	 1.32 (1.20-1.45)	 1.56 (1.40-1.75)

Multivariable adjustment: age, body mass index (quintiles), history of hypertension, history of diabetes, alcohol consumption, smoking, education level, hours of exercise, hours of 
walking, regular employment, perceived mental stress, depressive symptoms and frequency of fresh fish intake. HR refers to hazard ratio; CI, confidence interval.
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(0.42-0.47) for noncardiovascular disease/noncancer, and 0.45 
(0.44-0.47) for all causes.

Short sleep of 4 or fewer hours was found to be associated 
with increased risk of mortality from hemorrhagic stroke for 
men, although this association was not statistically significant. 
However, when stratified by alcohol consumption habits, an in-
creased risk of mortality from hemorrhagic stroke was observed 
among male drinkers with 4 or fewer hours and 5 hours of sleep. 
A cross-national study on sleep habits of approximately 35,000 
men and women of 10 countries, including Japan,10 showed that 
the prevalence of the use of alcohol as a sleep aid was the high-
est in Japan (30.3%). A recent cross-sectional survey conducted 
in Japan11 also reported that the prevalence of alcohol consump-
tion as a sleep aid at least once a week was 48% for men aged 
20 years or older. It is possible that the habit of using alcohol 
as a sleep aid enhances the risk of mortality from hemorrhagic 
stroke associated with short sleep duration.

There is some evidence that may explain why short sleep 
duration is associated with an increase in mortality from cor-
onary heart disease and total cardiovascular disease. Previ-
ous studies showed that short-term sleep deprivation leads to 
increased sympathetic nervous system activity,12,13 elevated 
blood pressure,12,14 elevated cortisol levels,13 impaired glucose 
tolerance,13 and increased inflammatory markers,15 which may 
reflect and increase the risk of cardiovascular disease. Further-
more, recent epidemiologic studies have demonstrated that 
short sleep duration is associated with higher levels of hemo-
globin A (1c),16 total cholesterol,17 and triglycerides,17 higher 
blood pressure,17 and increased incidence of hypertension.18 

Short sleep was also associated with increased mortality from 
noncardiovascular disease/noncancer for both men and women. 
This finding suggests other mechanisms for increasing nonspe-
cific mortality, which need to be explored in further studies.

The association of long sleep duration with higher risks of 
mortality from total stroke, total cardiovascular disease, non-
cardiovascular disease/noncancer, and all causes observed in 
our study was consistent with the results of previous cohort 
studies.1-3 A 10-year follow-up of the National Health and Nu-
trition Examination Survey I cohort comprising 7844 men and 
women aged 32 years and older showed a 1.5-fold increase 
in risk of stroke for persons with more than 8 hours of sleep, 
compared with those with 6 to 8 hours of sleep.1 The Nurses’ 
Health Study of 82,969 women aged 40 to 65 years showed 
that, compared with 7 hours of sleep, long sleep of 9 or more 
hours was associated with a 1.6-fold increase in mortality from 
cardiovascular disease, a 1.5-fold for noncardiovascular dis-
ease/noncancer, and a 1.4-fold for all causes.3 Another report 
from the Nurses’ Health Study of 71,617 women aged 40 to 
65 years showed that, compared with 8 hours of sleep, long 
sleep of 9 or more hours was associated with 1.4-fold increased 
risk of coronary heart disease.2 Although the mechanisms for 
the association between long sleep duration and increased mor-
tality from cardiovascular disease and other causes were not 
clear, long sleep duration may be an early symptom of disease 
and may precede clinical diagnoses. However, the association 
of long sleep duration with excess mortality from total cardio-
vascular disease, noncardiovascular disease/noncancer, and all 
causes did not change substantially after exclusion of the sub-
jects whose events occurred within 5 years from baseline.

who slept for 7 hours, the multivariable hazard ratios (95% 
CI) of mortality from total cardiovascular disease were 1.41 
(0.94-2.12) for 4 hours or less, 1.24 (0.99-1.57) for 5 hours, 
1.04 (0.88-1.23) for 6 hours, 1.29 (1.13-1.47) for 8 hours, 1.35 
(1.12-1.62) for 9 hours, and 1.51 (1.21-1.87) for 10 hours or 
longer. The respective multivariable hazard ratios of mortality 
from noncardiovascular disease/noncancer were 1.65 (1.08-
2.52), 1.32 (1.05-1.66), 1.26 (1.09-1.45), 1.08 (0.97-1.21), 1.19 
(1.03-1.39) and 1.66 (1.40-1.95), respectively, for men, and 
1.43 (0.94-2.18), 1.03 (0.80-1.33), 1.35 (1.16-1.58), 1.34 (1.18-
1.53), 1.58 (1.32-1.90), and 1.83 (1.48-2.26), respectively, for 
women. Furthermore, the respective hazard ratios of mortality 
from all causes were 1.27 (0.96-1.68), 1.06 0.91-1.22), 1.07 
(0.98-1.17), 1.04 (0.98-1.11), 1.11 (1.01-1.21) and 1.37 (1.24-
1.52) for men, and 1.26 (0.98-1.62), 1.08 (0.95-1.24), 1.04 
(0.95-1.14), 1.13 (1.05-1.22), 1.27 (1.14-1.42), and 1.46 (1.29-
1.67) for women.

DISCUSSION

In this large-scale prospective study of Japanese men and 
women aged 40 to 79 years, we confirmed that, compared with 
7 hours of sleep, short sleep duration of 4 hours or less was as-
sociated with a 2-fold increase in mortality from coronary heart 
disease for women and a 1.5-fold increase in mortality from 
noncardiovascular disease/noncancer and a 1.3-fold increase in 
total mortality for both men and women, whereas long sleep 
duration ( ≥ 10 hours) was associated with a 1.5- to 2-fold 
increase in mortality from total stroke, ischemic stroke, total 
cardiovascular disease, noncardiovascular disease/noncancer 
and all causes for both men and women. There was a robust U-
shaped relationship between sleep duration and mortality from 
all causes, with a nadir at 7 hours of sleep in both sexes, which 
extended the evidence of the earlier report,5 based on the ap-
proximately 30% larger number of deaths.

To the best of our knowledge, ours is the first study to pro-
vide evidence of the association of short sleep duration with 
an increase in mortality from coronary heart disease for Asian 
women. Previous studies of Americans or Europeans support our 
findings. The Nurses’ Health Study of 71,617 women aged 40 
to 65 years reported that, compared with 8 hours of sleep, short 
sleep duration of 5 hours or less was associated with a 1.4-fold 
increase in risk of coronary heart disease.2 The MONICA/KORA 
Augsburg Cohort Study of 3508 men and 3388 women aged 45 
to 74 years showed that the risk of myocardial infarction was ap-
proximately 3 times higher for women with 5 or fewer hours of 
sleep, compared with 8 hours of sleep, but such an increase in risk 
was not observed for men.9 We observed an increased mortality 
from coronary heart disease associated with short sleep only for 
women, and the mortality among female short sleepers did not 
differ significantly from that among male short sleepers. The haz-
ard ratio (95% CI) of coronary heart disease for short sleepers in 
women versus those in men was 4.60 (0.58-36.2). This finding 
contrasts with the result that risk of mortality from cardiovascu-
lar disease, other causes, and all causes were approximately half 
among women than among men. The age-adjusted hazard ratios 
for women versus men were 0.56 (0.51-0.61) for total stroke, 
0.46 (0.40-0.53) for coronary heart disease, 0.55 (0.51-0.58) for 
total cardiovascular disease, 0.39 (0.37-0.41) for cancer, 0.44 
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The following limitations of our study need to be addressed. 
First, we could not obtain information about the quality of sleep, 
such as the presence or absence of sleep apnea, which is associ-
ated with increased risk of cardiovascular disease.19 A previous 
cohort study of 1024 volunteers showed that short sleep duration 
was associated with an increased body mass index along with a 
reduction in leptin and elevated levels of ghrelin.20 Since being 
overweight is a strong risk factor for sleep apnea, this disorder 
can be a confounder for the association between short sleep dura-
tion and increased risk of mortality from cardiovascular disease. 
However, men and women with short sleep duration enrolled in 
our study did not have a higher mean body mass index, and we did 
not have a higher percentage of overweight subjects among short 
sleepers than long sleepers, so that the potential confounding ef-
fect of sleep apnea may be minor. Second, data on sleep duration 
were obtained by self-administrated questionnaire and, thus, may 
include misclassification. However, self-assessed sleep duration 
was shown in a previous study to yield valid results in compari-
son with quantitative sleep assessment with actigraphy.21 Another 
study has suggested, however, that depressed mood is associated 
with both underextimation and overestimation of habitual sleep 
duration.22 We therefore conducted a statistical analysis including 
these psychological factors as covariates, which showed that the 
association between sleep duration and coronary heart disease 
remained substantially unchanged. Finally, we used the mortality 
data, rather than incidence data, as endpoints, which may lead to 
misclassification in the diagnosis of discuss outcomes, especially 
stroke, stroke subtypes, and coronary heart disease. However, the 
widespread use of computed tomography in local hospitals since 
the 1980s has probably made the diagnosis of stroke and its sub-
types reported on the death certificates sufficiently accurate.23, 24 
For coronary heart disease, approximately one fourth to one third 
of deaths attributed to ischemic heart disease on the death certifi-
cate were misdiagnosed, according to the validation studies.25,26 

Therefore, the contamination of other cardiovascular diseases in 
the diagnosis of coronary heart disease would probably underes-
timate the excess mortality from coronary heart disease for fe-
male short sleepers, and the real association may be stronger.

The strengths of our study are its prospective design and high 
statistical power to detect sex-specific associations of short and 
long sleep duration with cause-specific mortality, as well as 
with total mortality.

In conclusion, short sleep duration was associated with in-
creased mortality from coronary heart disease for women and 
from noncardiovascular disease/noncancer and all causes for 
both sexes, whereas long sleep duration was associated with 
increased mortality from stroke, total cardiovascular disease, 
noncardiovascular disease/noncancer, and all causes for both 
sexes, yielding a U-shaped relationship with total mortality, 
with a nadir at 7 hours of sleep.

ACKNOWLEDGMENTS

The JACC Study (Japan Collaborative Cohort Study) was 
supported by grants in aid for scientific research from the Min-
istry of Education, Science, Sports and Culture of Japan (Mon-
busho); 61010076, 62010074, 63010074, 1010068, 2151065, 
3151064, 4151063, 5151069, 6279102, 11181101, 17015022, 
and 18014011. The authors sincerely express their appreciation to 

Sleep Duration and CVD and Other Causes—Ikehara et al

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/32/3/295/3741692 by guest on 20 August 2022



SLEEP, Vol. 32, No. 3, 2009 301

Kato M, Phillips BG, Sigurdsson G, Narkiewicz K, Pesek CA, 14.	
Somers VK. Effects of sleep deprivation on neural circulatory 
control. Hypertension 2000;35:1173-5.
Meier-Ewert HK, Ridker PM, Rifai N, et al. Effect of sleep loss 15.	
on C-reactive protein, an inflammatory marker of cardiovascular 
risk. J Am Coll Cardiol 2004;43:678-83.
Nakajima H, Kaneita Y, Yokoyama E, et al. Association be-16.	
tween sleep duration and hemoglobin A (1c) level. Sleep Med 
2008;9:745-752.
Bjorvatn B, Sagen IM, Øyane N, et al. The association between 17.	
sleep duration, body mass index and metabolic measures in the 
Hordaland Health Study. J Sleep Res 2007;16:66-76.
Gangwisch JE, Heymsfield SB, Boden-Albala B, et al. Short 18.	
sleep duration as a risk factor for hypertension: analyses of the 
first National Health and Nutrition Examination Survey. Hyper-
tension 2006;47:833-9.
Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, 19.	
Mohsenin V. Obstructive sleep apnea as a risk factor for stroke 
and death. N Engl J Med 2005;353:2034-41.
Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep dura-20.	
tion is associated with reduced leptin, elevated ghrelin, and in-
creased body mass index. PLoS Med 2004;1:210-7.
Lockley SW, Skene DJ, Arendt J. Comparison between subjective 21.	
and actigraphic measurement of sleep and sleep rhythms. J Sleep 
Res 1999;8:175-83.
Bliwise DL, Friedman L, Yesavage JA. Depression as a con-22.	
founding variable in the estimation of habitual sleep time. J Clin 
Psychol 1993;49:471-7.
Iso H, Jacobs DR Jr, Goldman L. Accuracy of death certificate 23.	
diagnosis of intracranial hemorrhage and nonhemorrhagic stroke. 
The Minnesota Heart Survey. Am J Epidemiol 1990;132:993-8.
Sankai T, Miyagaki T, Iso H et al. A population-based study of the 24.	
proportion by type of stroke determined by computed tomogra-
phy scan. Nippon Koshu Eisei Zassi 1991;38:901-9.
Yamashita T, Ozawa H, Aono H, Hosokawa H, Saito I, Ikebe T. 25.	
Heart disease deaths on death certificates re-evaluated by clinical 
records in a Japanese city. Jpn Circ J 1997;61:331-8.
Baba S, Ozawa H, Sakai Y, Terao A, Konishi M, Tatara K. Heart 26.	
disease deaths in a Japanese urban area evaluated by clinical and 
police records. Circulation 1994;89:109-15.

REFERENCES

Qureshi AI, Giles WH, Croft JB, Bliwise DL. Habitual sleep pat-1.	
terns and risk for stroke and coronary heart disease: a 10-year 
follow-up from NHANES I. Neurology 1997;48:904-11.
Ayas NT, White DP, Manson JE, et al. A prospective study of 2.	
sleep duration and coronary heart disease in women. Arch Intern 
Med 2003;163:205-9.
Patel SR, Ayas NT, Malhotra MR, et al. A prospective study of sleep 3.	
duration and mortality risk in women. Sleep 2004;27:440-4.
Ferrie JE, Shipley MJ, Cappuccio FP, et al. A prospective study 4.	
of change in sleep duration: associations with mortality in the 
Whitehall II cohort. Sleep 2007;30:1659-66.
Tamakoshi A, Ohno Y; JACC Study Group. Self-reported sleep 5.	
duration as a predictor of all-cause mortality: results from the 
JACC study, Japan. Sleep 2004;27:51-4.
Kripke DF, Garfinkel L, Wingard DL, Klauber MR, Marler MR. 6.	
Mortality associated with sleep duration and insomnia. Arch Gen 
Psychiatry 2002;59:131-6.
Ohno Y, Tamakoshi A, JACC Study Group. Japan Collaborative 7.	
Cohort Study for Evaluation of Cancer Risk Sponsored by Mon-
busho (JACC Study). J Epidemiol 2001;11:144-50.
Date C, Fukui M, Yamamoto A, Wakai K, at al. Reproducibility 8.	
and validity of a self-administered food frequency questionnaire 
used in the JACC study. J Epidemiol 2005;15 (Suppl):9-23.
Meisinger C, Heier M, Löwel H, Schneider A, Döring A. Sleep 9.	
duration and sleep complaints and risk of myocardial infarction 
in middle-aged men and women from the general population: the 
MONICA/KORA Augsburg cohort study. Sleep 2007;30:1121-7.
Soldatos CR, Allaert FA, Ohta T, Dikeos DG. How do individuals 10.	
sleep around the world? Results from a single-day survey in ten 
countries. Sleep Med 2005;6:5-13.
Kaneita Y, Uchiyama M, Takemura S, at al. Use of alcohol and 11.	
hypnotic medication as aids to sleep among the Japanese general 
population. Sleep Med 2007;8:723-32.
Tochikubo O, Ikeda A, Miyajima E, Ishii M. Effects of insuffi-12.	
cient sleep on blood pressure monitored by a new multibiomedi-
cal recorder. Hypertension 1996;27:1318-24.
Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on 13.	
metabolic and endocrine function. Lancet 1999;354:1435-9.

Sleep Duration and CVD and Other Causes—Ikehara et al

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/32/3/295/3741692 by guest on 20 August 2022


