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SLEEP IS AN ANCESTRAL AND PRIMITIVE BEHAV-
IOR THAT IS SHARED ACROSS THE PLANET BY 
OVER A BILLION PEOPLE ON A DAILY BASIS. ITS 
underlying mechanisms, interactions, and long-term effects 
are still poorly understood. Sleep patterns of quantity and qual-
ity are affected by a variety of cultural, social, psychological, 
behavioral, pathophysiological, and environmental influences 
and have shown secular trends alongside changes in the mod-
ern society requiring longer hours of work, more shift-work 
and 24-7 availability of commodities, curtailing the duration of 
sleep to fewer hours per day across westernized populations.1 
This has led to increased reporting of fatigue, tiredness, and 
excessive daytime sleepiness.2 Lack of sleep also exerts delete-
rious effects on a variety of systems with detectable changes in 
metabolic, endocrine,3,4 and immune pathways.5 Over the last 
few decades there has been growing evidence to suggest that 
too little sleep and too much sleep are associated with adverse 
health outcomes, including total mortality,6,7 cardiovascular 
disease,6,8-10 type 2 diabetes,11 hypertension12,13 and respiratory 
disorders,14 obesity in both children and adults,15,16 and poor 
self-rated health.17 The relationship between duration of sleep 
and mortality has been often described as a U-shaped associa-
tion, although other studies have not found such a uniform ef-

fect or have found no association. It is believed that different 
mechanisms may underlie such associations at either end of the 
distribution of sleep duration.18 Given the variety of studies, the 
large differences in the types and sizes of populations exam-
ined, the duration of follow-up, and the size of the effects, it is 
difficult to draw immediate conclusions on the consistency of 
the associations at either end of the distribution of sleep dura-
tion and at its effect size. The latter is important in public health 
to ascertain the likely impact at population level, if amenable to 
modification. The aims of this study were to (a) systematically 
review published prospective population-based studies, (b) 
carry out a meta-analysis to assess whether the global evidence 
supports the presence of a relationship between either short or 
long duration of sleep and all-cause mortality, and (c) obtain a 
quantitative estimate of the risk to assess the consistency and 
potential public health relevance. A meta-analysis allows the 
combination of the results of different studies, increasing the 
overall statistical power and the precision of estimates while 
controlling for bias and limiting random error.

METHODS

Literature search
We developed a search strategy to identify studies that re-

ported the longitudinal association between duration of sleep 
and all-cause mortality. We searched the electronic databases 
MEDLINE (from 1966 to March 2009) and EMBASE (from 
1980 to March 2009), as well as the Cochrane Library using 
the terms “sleep,” “mortality,” and “death.” Furthermore, we 
reviewed reference lists of original and review articles to search 
for more studies. Only those that were published as full-length 
articles were considered. No language restriction was applied.
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Inclusion and Exclusion Criteria
For inclusion, studies had to fulfil the following criteria: (a) 

original article, (b) prospective cohort design, (c) assessment 
of duration of sleep as baseline exposure, (d) death recorded 
prospectively as outcome, (e) follow-up of at least 3 years, (f) 
adult population, (g) indication of the number of subjects ex-
posed and of the rate or number of events in different sleep 
duration categories. Studies were excluded if: (a) case-control 
design was used. If multiple published reports from the same 
study were available, we included only the one with the most 
detailed information for both exposure and outcome.

Data Extraction
Data were extracted independently by two investigators (FPC 

and MAM), and differences were resolved by discussion and 
consensus. Relevant data included the first author’s surname, 
year of publication, country of origin of the population stud-
ied, recruitment year, number of participants, number of deaths 
in each group, participants’ age, gender, duration of follow-up, 
method used to measure sleep duration, reference category of 
sleep, category for “short” and “long” sleep, outcome assess-
ment, relative risks or hazard ratios of death by both short and 
long sleep duration, corresponding 95% CI, and covariates ad-
justed in the statistical analysis.

Definition of “Short” and “Long” Sleep Duration
In each study we identified the reference category, being 7 

h per night in the majority of studies,6,7,9,19-22 7 to 8 h,23-26 7 to 9 
h,27,28 6 to 8 h,10 and 9 h.29 Short sleep was ≤ 5 h per night,6,7,20,22 
≤ 6 h,10,19,23,25 < 7 h,21,24,26-29 ≤ 4 h.9 Long sleep was defined as > 8 
h per night,10,19,24,30 ≥ 9 h,6,7,20,22,23,25-28 ≥ 10 h,9,21 and ≥ 12 h.29

Statistical Analysis
The quality of the studies included in the meta-analysis was 

evaluated by the Downs & Black Quality Index score system,31 a 
validated checklist for assessing the quality of both randomized 
clinical trials and non-randomized studies. It consists of several 
items distributed between 5 subscales: reporting, external valid-
ity, bias, confounding, and power. For the assessment of non-ran-
domized, prospective studies, the maximum score is 19. Relative 
risks (RR) or hazard ratios (HR) were extracted from the selected 
publications and were used to measure the relationship between 
sleep duration and death. Their standard errors were calculated 
from the respective confidence intervals. The value from each 
study and the corresponding standard error were transformed into 
their natural logarithms to stabilize the variances and to normal-
ize the distribution. The pooled RR (and 95% CI) was estimated 
using a random effect model. By comparison with the reference 
category of sleep duration, we estimated the pooled risk and 95% 
CI of death for the short and for the long sleep category, separate-
ly. The heterogeneity among studies was tested by Q-statistic and 
quantified by H-statistic and I2-statistic.32 Funnel plot asymmetry 
was used to detect publication bias, and Egger’s regression test 
was applied to measure funnel plot asymmetry.33 We recalculated 
the combined estimate after estimating from the asymmetry of 
the funnel plot the number of “missing” studies and their effect 
sizes and standard errors, a method known as “trim and fill.” The 
influence of individual studies, from which the meta-analysis es-
timates are derived, was examined by omitting one study at a 

time to see the extent to which inferences depend on a particular 
study or group of studies (sensitivity analysis). Subgroup analy-
sis was carried out to assess possible sources of heterogeneity 
and to check for the potential impact of age, gender, socioeco-
nomic status, definition of sleep duration, duration of follow-up, 
and geographic location on the relationship between duration of 
sleep and all-cause mortality. All statistical analyses were per-
formed using MIX software version 1.7.34

Role of the Funding Source
The study is part of the Sleep, Health & Society Programme 

of The University of Warwick. We did not receive funding for 
this project. The corresponding author had full access to all the 
data in the study and had final responsibility for the decision to 
submit for publication.

RESULTS

Characteristics of Study Cohorts
Based on our selection criteria, 17 studies were deemed suit-

able (Figure 1). One study was reported in two separate pub-
lications,9,35 and only one was included in the analysis. Where 
results were reported for men and women separately, they were 
entered into the analyses as separate cohorts. Therefore 16 stud-
ies reporting on 27 cohorts were included in the meta-analysis. 
We were unable to include results from the Alameda County 
Study due to lack of data, although 3 separate publications 
had been identified.36-38 Table 1 summarizes the characteristics 
of the included studies. Overall, the meta-analysis included 
1,382,999 participants from 8 different countries (4 studies 
from the USA, 4 from Japan, 3 from the UK, and 1 each from 
Spain, Sweden, Finland, Israel, and Taiwan). Fourteen stud-
ies recruited both men and women, while 2 studies recruited 
only women. Follow-up ranged from 4 to 25 years. All studies 
assessed death through death certificates. Sleep duration was 
assessed by questionnaire in all studies. The total number of 
deaths reported was 112,566. Of the 14 studies that included 
both men and women, 10 reported outcomes separately for men 
and women.7,9,19,21,24-28,30 Overall, there were 25 cohorts avail-
able for the relationship between short sleep and mortality and 

Figure 1—Flowchart indicating the results of the systematic review with 
inclusions and exclusions

41,304  publications identified (sleep*)
115,886 publications identified (mortality* or death*)

296 potentially relevant papers 
identified on the basis of title

61 papers assessed 
from abstract

235 papers excluded 
as not relevant

19 papers deemed not 
relevant
28 papers excluded for 

[a] wrong exposure 18 
[b] wrong outcome 3
[c] missing data 4
[d] exposure continuous 1
[e] normal sleep v short and long combined 217 papers selected for 

inclusion
1 paper reporting on 
the same cohort 

16 papers reporting on 
27 cohorts included in 
the meta-analysis 
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Table 1—Description of the studies included in the meta-analysis

Author
Year, 

Publication Country Cohort
Year,

Baseline Gender
Sample

size Deaths
Follow-

up, y
Age,

y (range)
Quality 
Score†

Exposure
assessment

Outcome
assessment Adjusted variables

Tsubono 1993 Japan Mihagi 
Prefecture 1988 Men & 

Women 4,318 207 4.0 61.4 (40+) 16 Questionnaire Town’s Death 
Register age, sex

Ruigomez 1995 Spain

Health 
Interview 
Survey of 
Barcelona

1986 Men
Women

395
594 224 5.0 74.3 (65+) 15 Questionnaire Death certificate age, education, perceived health 

status

Gale 1998 UK DHSS 1973-4 Men & 
Women 1,299 1,158 23.0 75.4 (65+) 15 Questionnaire Death certificate age, BMI, systolic BP, social class, 

diagnosis

Kojima 2000 Japan Shirakawa 
Town 1982-6 Men

Women
2,438
2,884

147
109 11.9 46.9 (20-67)

47.7 (20-67) 15 Questionnaire Death certificate

age, history of hypertension, 
stroke, heart and renal diseases 
and diabetes, use of sleeping pills, 
smoking and alcohol intake

Heslop 2002 UK Scottish 
workplaces 1970-3 Men

Women
6,022
1,006

2,303
262 25.0 (≤65) 16 Questionnaire Death certificate age, marital status, social class, risk 

factors, self-perceived stress

Kripke 2002 USA CPS I 1982 Men
Women

480,841
636,095

45,200
32,440 6.0 58.0 (30-102)

57.0 (30-102) 16 Questionnaire Death certificate

age, race, BMI, education, occupation, 
marital status, exercise, smoking, 
churchgoing, intake of fat, and fiber, 
insomnia, History of heart disease, 
hypertension, cancer, diabetes, stroke, 
respiratory disease, kidney disease, 
medications, including sleeping pills

Mallon 2002 Sweden County of 
Dalarna 1983 Men

Women
906
964

165
101 12.0 56.0 (45-65) 18 Questionnaire Death certificate age

Burazeri 2003 Israel

Kiryat Yovel 
Community 

Health 
Study

1985-7 Men
Women

760
915

198
205 10.0 64.0 (50+)

63.0 (50+) 17 Questionnaire Death certificate

age, social class, country of origin, 
education, health status, PH of 
diabetes, CHD, stroke, CHF, smoking, 
alcohol consumption, physical 
activity, blood pressure, BMI, glucose, 
thiocyanate, creatinine, albumin, TC, 
HDL, homocysteine, siesta.

Amagai 2004 Japan

Jichi 
Medical 
School 
Cohort 
Study

1992-5 Men
Women

4,419
6,906

289
206 8.2 55.0 (40-69)

55.2 (40-69) 15 Questionnaire Death certificate
age, SBP, total cholesterol, BMI, 
smoking, alcohol consumption, 
education, marital status

Patel 2004 USA
Nurses’ 
Health 
Study

1986 Women 82,969 5,409 14.0 53.4 (30-55) 17 Questionnaire National Death 
Index

age, smoking, alcohol consumption, 
physical activity, depression, 
snoring, BMI, history of cancer, CVD, 
hypertension, diabetes, and shift work

Ferrie 2007 UK Whitehall II 
Study 1985-8 Men & 

Women 9,871 566 17.1 44.6 (35-55) 18 Questionnaire Death certificate

age, sex, marital status, employment 
grade, smoking, physical activity, 
alcohol consumption, self-rated health, 
BMI, SBP, total cholesterol, physical 
illness, GHQ, prevalent CHD

Hublin 2007 Finland Finnish 
Twin Cohort 1975-81 Men

Women
9,529

10,265
1,850
1,850 22.0 40.7 17 Questionnaire Death from 

population register

age, education, marital status, working 
status, social class, BMI, smoking, 
binge drinking, alcohol intake, physical 
activity, and life satisfaction

Lan 2007 Taiwan

Survey 
of Health 
& Living 
Status of 

the Elderly

1993 Men
Women

1,748
1,331

816
522 8.4 71.3 (64+)

71.9 (64+) 17 Questionnaire Death certificate

age, marital status, income, smoking, 
alcohol, BMI, exercise, depression, 
PMH of heart disease, stroke and 
cancer, naps

Gangwisch 2008 USA NHANES I 1982-4 Men & 
Women

5,806
3,983

273
1,604 8-10 45.0 (32-59)

73.0 (60-86) 18 Questionnaire Death certificate

age, sex, physical activity, smoking, 
depression, education, living alone, 
low income, daytime sleepiness, 
nighttime awakening, ethnicity, 
sleeping pill use, weight, hypertension, 
diabetes, general health, cancer

Ikehara 2009 Japan JACC Study 1988-90 Men
Women

41,489
57,145

8,548
5,992 14.3 58.8 (40-79)

60.2 (40-79) 18 Questionnaire Death certificate

age, BMI, PH of hypertension, 
diabetes, alcohol, smoking, education, 
exercise, employment, mental stress, 
depression, fresh fish intake

Stone 2009 USA SOF Study 1993-4 Women 8,101 1,922 6.9 77.0 (69+) 18 Questionnaire Death certificate

age, BMI,PH of diabetes, Parkinson’s, 
dementia, COPD, non-skin cancer, 
osteoarthritis, CVD, hypertension, 
walks, alcohol use, smoking, 
depression, cognitive status, estrogen, 
and hypnotic use

†Ref. 31
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not differ by variations in the definition of short sleep, length of 
follow-up, or geographic location (Figure 5a).

Long sleep
The effect was stronger in older than younger cohorts (het-

erogeneity: P = 0.01), increased with the definition of long 
duration of sleep from > 8 h, ≥ 9 h, and ≥ 10 h per night (het-
erogeneity: P = 0.0004), tended to be weaker in studies with 
follow-up ≥ 20 years (heterogeneity: P = 0.01), and appeared 
stronger in studies carried out in East Asian countries (Japan 
and Taiwan) compared to Europe and the USA (heterogeneity: 
P = 0.01; Figure 5b). The effect did not differ by gender or 
socioeconomic status (Figure 5b).

DISCUSSION
This study provides a comprehensive and systematic review 

of the literature and quantitative estimates of the longitudinal 
associations between habitual short and long duration of sleep 
and all-cause mortality in population-based studies around the 
world. It adds to a recent meta-analysis published after our 
original submission.39 Our study shows an unambiguous and 
consistent pattern of increased risk of dying on either end of 
the distribution of sleep duration. Pooled analyses indicate that 
short sleepers (commonly < 7 h per night, often < 5 h per night) 
have a 12% greater risk, and long sleepers (commonly > 8 or 
9 h per night) a 30% greater risk of dying than those sleep-
ing 7 to 8 h per night. These results confirm the presence of a 
U-shaped association, with some heterogeneity among studies, 
no presence of publication bias, and a high statistical power 

27 cohorts available for the relationship between long sleep and 
mortality.

Short Duration of Sleep and Mortality
Data on the relationship between short sleep and mortality 

are shown in Figure 2. In the pooled analysis, short duration of 
sleep (25 cohorts from 15 studies, n = 1,381,324 with 112,163 
deaths) was associated with greater risk of death (RR: 1.12; 
95% CI 1.06 to 1.18, P < 0.01), with no evidence of publication 
bias (P = 0.74; Figure 3a), and no missing study identified by 
the trim and fill method, but significant heterogeneity between 
studies (I2 = 39%, P = 0.02).

Long Duration of Sleep and Mortality
Data on the relationship between long sleep and mortality are 

shown in Figure 4. Long duration of sleep (27 cohorts from 16 
studies, n = 1,382,999 with 112,566 deaths) was associated with 
a greater risk of death (1.30; [1.22 to 1.38]; P < 0.0001) with no 
evidence of publication bias (P = 0.18; Figure 3b), but signifi-
cant heterogeneity between studies (I2 = 71%, P < 0.0001). The 
trim and fill method detected one missing study with a revised 
estimate of 1.29 (1.21 to 1.37).

Sources of Heterogeneity

Short sleep
The effect was consistent in younger (< 60 years) and older 

(≥ 60 years) cohorts, in men and women, whether or not socio-
economic status was adjusted for (Figure 5a). The effect did 

Figure 2—Forest plot of the risk of death associated with short duration of sleep compared to the reference group in 25 population cohorts from 15 published 
prospective studies including 1,381,324 participants and 112,163 events. Results are expressed as relative risk (RR) and 95% confidence intervals (95% CI). 
Pooled analysis P < 0.01; heterogeneity test: I2 = 39%, P = 0.02
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Ferrie 2007 9,871 566 1.25 (0.93 to 1.67)
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conferred by over 1.3 million participants included with more 
than 110,000 events. The studies allowed for a large number of 
potential confounders. Furthermore, for short sleep the effects 
were comparable between men and women, did not depend on 
age, socioeconomic status, definition of short duration of sleep 
(≤ 5, ≤ 6 h, or ≤ 7 h per night), duration of follow-up, or geo-
graphic location. In contrast, for long sleep, the estimate of ef-
fect was stronger in older cohorts, in studies where long sleep 
was defined as ≥ 10 h per night, in follow-ups not longer than 
19 years, and in East Asian cohorts.

These results are of interest for several reasons. First, the di-
rection of the associations is consistent in different populations. 
Although the meta-analysis detected significant heterogeneity 
between studies, further sensitivity analysis and the absence 
of publication bias are in favor of consistent effects across 
populations. Second, they indicate an effect size of potential 
relevance. Third, the consistency of assessments of both expo-
sure (duration of sleep by questionnaire) and outcomes (death 
certificates) across studies limits the degree of variability due to 
differences in methods.

Study Limitations
First, the quality of the data cannot go beyond the quality of 

the individual studies included.31 Second, a meta-analysis of 
observational data, though prospective, is open to important 
fallacies in that it cannot directly control for confounding. We 
made an attempt to allow for multiple confounding by includ-
ing adjusted estimates from multivariate models from each 
contributing study. However, residual confounding and bias 

Figure 3—Funnel plots for meta-analyses of short (a) and long (b) 
duration of sleep and mortality. Egger’s test: P = 0.74 for short sleep and 
P = 0.18 for long sleep
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Figure 4—Forest plot of the risk of death associated with long duration of sleep compared to the reference group in 27 population cohorts from 16 published 
prospective studies including 1,382,999 participants and 112,566 events. Results are expressed as relative risk (RR) and 95% confidence intervals (95% CI). 
Pooled analysis P < 0.0001; heterogeneity test: I2 = 71%, P < 0.0001

Relative RiskFirst author Year Sample size Deaths
95% CI

Tsubono 1993 4,318 207 1.58 (1.16 to 2.17)
Ruigomez (men) 1995 395 1.30 (0.71 to 2.38)
Ruigomez (women) 1995 594

224
1.46 (0.80 to 2.68)

Gale 1998 1,299 1,158 1.70 (1.17 to 2.47)
Kojima (men) 2000 2,438 147 1.15 (0.75 to 1.77)
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remain a possibility. Third, the results can only be representa-
tive of the studies that have been included and are unable to 
provide a representative inference of all studies published, but 
not included. Nevertheless, there was no evidence of publi-
cation bias. These results are therefore important in guiding 
the assessment of current evidence and the definition of future 
research strategies and public health policy decisions.

All studies used sleep questionnaires to determine self-report-
ed sleep duration within their populations. This method often 
did not allow (unless explicitly built as additional questions) to 
differentiate time asleep from time in bed or to estimate number 
and duration of naps. It is not usually feasible to obtain more de-
tailed and objective measures of sleep in large prospective popu-
lation studies. Sleep diaries, actigraphy, and polysomnography 
from some large population and small-scale investigations have 
shown high correlations between subjective estimates of sleep 
duration and the more direct assessments20,40 However, in the 
few examples in the literature their use confirmed the results ob-
tained previously with self-reported sleep assessment.41,42 Fur-
thermore, assessments of sleep duration in the primary health 
care setting rely on self-reported data from patients.

Sleep duration was assessed at one point in time in all stud-
ies, and it is possible that a single measure of exposure may 
not fully capture the sustained effects of sleep duration over 
time when relating them to long-term mortality. Changes in 
sleep duration over time may represent a better measure of ex-
posure in this context. Three studies have addressed this issue 
by measuring change in sleep duration over time as a proxy for 
prolonged exposure to short or long sleep duration in relation 
to mortality. In the West of Scotland study,24 participants were 
assessed twice 4 to 7 years apart and followed up for 25 years. 
Those who reported at both time points < 7 h of sleep showed 
an increased risk of death from all causes (men 1.15 [0.93 to 
1.42] and women 1.73 [0.99 to 3.03]), as well as an increased 
risk of death from cardiovascular causes (men 1.19 [0.90 to 
1.58] and women 2.30 [0.94 to 5.60]). In the Whitehall II 
Study,6 changes in sleep duration were assessed 5 years apart, 
and follow-up lasted nearly 12 years. Both a decrease and an 
increase in sleep duration over time were associated with in-
creased all-cause mortality (1.62 [1.17 to 2.25] and 1.75 [1.24 
to 2.47], respectively). However, while the increased risk of 
death in those who had increased their sleep was mainly attrib-
utable to an increase in non-cardiovascular deaths (2.06 [1.38 
to 3.08]), those who had curtailed their duration of sleep had 
an increased risk of death predominantly from cardiovascular 
causes (2.04 [1.20 to 3.49]). In a large Finnish study of twins, 
changes in duration of sleep over 6 years (either to shorter or 
longer sleep) were associated to increased mortality in both 
men and women.26 Finally, it is likely that the study samples in-
cluded in the analysis did not exclude subjects with obstructive 
sleep apnea-hypopnea syndrome (OSAS). These would repre-
sent approximately 4% of middle-aged men and 2% of middle-
aged women.43,44 OSAS is associated with obesity, disrupted 
and short sleep, excessive daytime sleepiness and high rates of 
morbidity and mortality, predominantly due to cardiovascular 
disease.45 Whilst it is possible that they may have contributed 
to the observed increased risk of death amongst short sleepers, 
the adjustment for obesity or body mass index in almost every 
study would have corrected for this.

Figure 5—Subgroup analyses to explore sources of heterogeneity in 
short (a) and long (b) duration of sleep.
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Implications
Currently, there is no evidence that sleeping habitually be-

tween 6 and 8h per day in an adult is associated with harm and 
long term health consequences. In terms of prevention, consis-
tently sleeping 6 to 8 h per night may therefore be optimal for 
health. However, sleeping 9 h or more per night may represent a 
useful diagnostic tool for detecting subclinical or undiagnosed 
co-morbidity. People reporting consistently sleeping 5 hours or 
less per night should be regarded as a higher risk group for all-
cause mortality. A 12% increased risk of death in short sleepers, 
if causally related, would equate to over 6.3 million attributable 
deaths in the UK in people over 16 years of age and over 25 
million attributable deaths in the US in people over the age of 
20 years. Future studies should be designed to answer the ques-
tion whether sleep duration is a cause or simply a marker of ill-
health. Indirect evidence seems to suggest to date that sustained 
sleep deprivation may trigger biological mechanisms contribut-
ing to the deterioration of health status, whereas long duration 
of sleep may be a powerful additional marker of ill-health.

Duration of sleep should be regarded as an additional be-
havioral risk factor or risk marker heavily determined by the 
environment and possibly amenable to modification through 
both education and counselling as well as through measures of 
public health. The latter would aim at favorable modifications 
of physical and working environments to allow sufficient sleep 
and avoid habitual and sustained sleep deprivation.
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