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Aims To investigate the association of estimated total daily sleep duration and daytime nap duration with deaths and
major cardiovascular events.

...................................................................................................................................................................................................
Methods
and results

We estimated the durations of total daily sleep and daytime naps based on the amount of time in bed and self-
reported napping time and examined the associations between them and the composite outcome of deaths and
major cardiovascular events in 116 632 participants from seven regions. After a median follow-up of 7.8 years,
we recorded 4381 deaths and 4365 major cardiovascular events. It showed both shorter (<_6 h/day) and longer

* Corresponding author. Tel: þ1 905 527 7327, Fax: þ1 905 297 3781, Email: Salim.Yusuf@phri.ca (S.Y.); Tel: þ86 10 608 66513, Email: liwei@mrbc-nccd.com (W.L.)

Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author(s) 2018. For permissions, please email: journals.permissions@oup.com.

European Heart Journal (2019) 40, 1620–1629 CLINICAL RESEARCH
doi:10.1093/eurheartj/ehy695 Prevention and epidemiology

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/40/20/1620/5229545 by guest on 04 D

ecem
ber 2025

mailto:
mailto:


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.

(>8 h/day) estimated total sleep durations were associated with an increased risk of the composite outcome when
adjusted for age and sex. After adjustment for demographic characteristics, lifestyle behaviours and health status, a
J-shaped association was observed. Compared with sleeping 6–8 h/day, those who slept <_6 h/day had a non-
significant trend for increased risk of the composite outcome [hazard ratio (HR), 1.09; 95% confidence interval,
0.99–1.20]. As estimated sleep duration increased, we also noticed a significant trend for a greater risk of the com-
posite outcome [HR of 1.05 (0.99–1.12), 1.17 (1.09–1.25), and 1.41 (1.30–1.53) for 8–9 h/day, 9–10 h/day, and
>10 h/day, Ptrend < 0.0001, respectively]. The results were similar for each of all-cause mortality and major cardio-
vascular events. Daytime nap duration was associated with an increased risk of the composite events in those with
over 6 h of nocturnal sleep duration, but not in shorter nocturnal sleepers (<_6 h).

...................................................................................................................................................................................................
Conclusion Estimated total sleep duration of 6–8 h per day is associated with the lowest risk of deaths and major cardiovascu-

lar events. Daytime napping is associated with increased risks of major cardiovascular events and deaths in those
with >6 h of nighttime sleep but not in those sleeping <_6 h/night.
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Introduction

Sleep is essential to human health, and people spend about a third of
their hours sleeping. It is increasingly regarded as an important life-
style behaviour that can affect cardiovascular disease (CVD) and
death.1 Sleep deprivation could increase the risk of cardiovascular
outcomes by reduced energy expenditure, up-regulation of appetite,
and altered glucose metabolism.2 Some studies also found that peo-
ple with excessive sleep are at greater risk of CVDs or death.3–5

However, other studies reported contradictory results.6–8 Although
several meta-analyses9–11 were conducted, the results were less
compelling due to different study types (cross-sectional or prospect-
ive study), diverse target populations, variations in reference groups
(like 6–8 h, 7–8 h, or 7–9 h), and definitions of sleep durations that
were too broad (nocturnal or 24 h). Moreover, most studies were
from North America, Europe, Japan, and China. A recent consensus
recommendation12 developed by the American Academy of Sleep
Medicine (AASM) and the Sleep Research Society (SRS) recom-
mends that the optimal duration of sleep for adults is 7 or more
hours per night. It is not clear whether longer (>8 h) sleep duration is
associated with lower or increased risk of death and CVD.

Daytime napping is more common in South America, Middle East,
some European countries like Greece, and China,13–16 and is consid-
ered to be a healthy habit. Most studies on the association between
daytime naps and death or CVD have been conducted in select coun-
tries,17–21 and little information is available from other parts of the
world. Furthermore, the inconsistency of those results makes its in-
fluence unclear.

By analysing the data in regions with different sleep patterns (more
likely to take naps or not), it is possible to explore whether the
effects of total daily sleep duration are similar in regions where day-
time naps are common or not. However, actual sleep time is usually
difficult to measure precisely in large epidemiological studies due to
the lack of feasibility of using objective measurements like polysom-
nography. In this large-scale, international prospective cohort study
where sleep duration was estimated based on the amount of time in
bed, we investigated the associations of estimated total daily sleep
duration (primary exposure) with all-cause mortality and major

cardiovascular events among individuals aged 35–70 years, and
whether the associations are consistent in different regions of world.
We also examined the effects of different sleep patterns (nocturnal
sleep of different durations with or without daytime naps).
Moreover, we assessed the effects of daytime napping on deaths and
CVD.

Methods

Study design and participants
The Prospective Urban Rural Epidemiology (PURE) study included partic-
ipants aged 35–70 years from 21 countries with different income levels in
seven geographic regions (North America and Europe, South America,
the Middle East, South Asia, Southeast Asia, China, and Africa). These
countries were classified based on gross national income per capita from
the World Bank classification at the beginning of the study. There were
four high-income countries (Canada, Sweden, Saudi Arabia, and United
Arab Emirates), 12 middle-income countries (Argentina, Brazil, Chile,
China, Colombia, Iran, Malaysia, Palestine, Philippines, Poland, South
Africa, and Turkey), and five low-income countries (Bangladesh, India,
Pakistan, Tanzania, and Zimbabwe). The detailed description of study de-
sign, participant selection, and methods has been published previously.22

The study was initiated and co-ordinated by the Population Health
Research Institute (PHRI; Hamilton, Ontario, Canada) and was approved
by institutional research ethics boards at all sites.

Standardized questionnaires (same questions using local languages in
different countries) were used to obtain information about demographic
factors, socioeconomic status, lifestyle behaviours (sleep duration, smok-
ing, alcohol consumption, physical activity, and diet), disease history, fam-
ily history of diseases, and medication use at baseline. As it is not feasible
to accurately measure the actual sleep time using objective methods like
polysomnography in large studies, sleep duration was recorded by asking
the following questions: (i) during your longest or nocturnal sleep period,
what time do you normally go to bed and wake up (time was recorded in
24 h format); (ii) do you usually take naps/siestas and if yes, how long
(min) the nap duration is. The estimated nocturnal sleep duration was
defined as the time space between bedtime and waking up time and nap-
ping duration was estimated by self-reported daytime sleep time.
Estimated total daily sleep duration was the sum of the two parameters.

Estimated sleep duration and naps with mortality and cardiovascular events 1621
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/40/20/1620/5229545 by guest on 04 D
ecem

ber 2025



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
In general, actual sleep time is about 85% of the time in bed23 and such in-
formation is more appropriate to make public health recommendations.
Physical activity was assessed with the International Physical Activity
Questionnaire24 and grouped based on the metabolic equivalent of task
(MET) into low (<600 MET�minutes per week), moderate (600–3000
MET�minutes per week), and high (>3000 MET�minutes per week)
activity. Diet pattern was recorded using country- or region-specific vali-
dated food frequency questionnaires.25,26 Weight, height, waist and hip
circumferences, and blood pressure were measured by using a standar-
dized protocol. The follow-up of each participant occurred at least every
3 years after baseline recruitment either by telephone or by a face-to-
face interview with the local research team. Standardized case-report
forms were used to collect data on deaths, cardiovascular events, and
other health outcomes. Medical records, death certificates, and verbal
autopsies were used to ensure the accuracy of data. All deaths and major
cardiovascular events were adjudicated centrally within each country by
trained physicians utilizing common definitions (Supplementary material
online, Appendix).

In the present analyses, we include all outcome events known until
September 2017. A total of 161 241 participants have at least one follow-
up, of which 21 566 people from India were recruited in the initial pilot
study prior to the decision to include questions on sleep. Among the
remaining individuals, 137 337 (98.3%) provided sleep information at
baseline and 129 939 (93.0%) participants had estimated sleep durations
[between 4–12 h per night and 0–3 h of naps per day, which were consid-
ered to be plausible; 7180 (5.1%) slept <4 or >12 h/night and 199 (0.1%)
napped >3 h/day] and complete data on age and gender. We also
excluded 1326 participants (0.9%) with unavailable last follow-up date
and 11 981 participants (8.6%) with pre-existing CVDs, cancers, human
immunodeficiency virus infection, or acquired immune deficiency syn-
drome (HIV/AIDS) to minimize reverse causality from the potential
effects of illnesses on sleep. A total of 116 632 individuals were included
in the primary analysis (Supplementary material online, Appendix
Figure S1).

Outcomes
The primary outcome was time to all-cause mortality plus major cardio-
vascular events (defined as fatal cardiovascular events and non-fatal myo-
cardial infarction, stroke, and heart failure). All-cause mortality and major
cardiovascular events were also examined separately.

Statistical analysis
Baseline characteristics of participants were summarized by categories of
estimated total daily sleep duration. The event rates (per 1000 person-
years) and the corresponding 95% confidence intervals (CIs) were com-
puted for different sleep duration groups. Restricted cubic splines were
used to explore the shape of the association between estimated total
daily sleep duration and the outcomes (created by SAS LGTPHCURV9
Macro). On the basis of the splines and previous studies,9,10 we catego-
rized the estimated total daily sleep duration into five groups (<_6 h, 6–8 h
which was used as the reference, 8–9 h, 9–10 h, and >10 h). To quantify
the associations between estimated total daily sleep duration and time to
the occurrence of the composite outcome and all-cause mortality, Cox
frailty models with random intercepts for centre were applied to calcu-
late the adjusted hazard ratios (HRs) and to account for clustering within
centres (Supplementary material online, Appendix for more details).27 As
for major CVDs, we did the competing risk analyses using cause-specific
hazard models28,29 given that non-cardiovascular deaths occurring in the
absence of major cardiovascular events are the competing risks. The
Fine–Gray model was further adopted for analysing competing risks as
sensitivity analysis (Supplementary material online, Appendix Table S1). In

the minimally adjusted models, we adjusted only for age and sex. Further,
the fully adjusted models included age, sex, educational attainment, smok-
ing status (current/former vs. never smoker), drinking status (drinker vs.
non-drinker), urban or rural residency, family history of CVDs (coronary
heart disease and stroke), history of diabetes (defined as self-reported
diabetes or taking medications for diabetes), hypertension (defined as sys-
tolic blood pressure >140 mmHg, diastolic blood pressure >90 mmHg,
self-reported hypertension or taking medications for hypertension),
chronic obstructive pulmonary disease, and depression. Additionally, we
investigated the effects of different sleep patterns (<_6 h, 6–8 h, or >8 h of
estimated nocturnal sleep, and taking daytime naps or not) on these out-
comes. For the effects of daytime nap duration, an interaction test be-
tween estimated nocturnal sleep duration and daytime napping was
performed and it showed a significant interaction for all three outcomes.
Stratified models by estimated nocturnal sleep duration (<_6 h/night or
>6 h/night) were utilized to examine the associations between daytime
napping and events.

Given that taking daytime naps are more common in some countries,
we assessed the consistency of associations between estimated total
sleep duration and events separately in those regions where naps were
more or less common. In our study, regular naps were more common in
the Middle East, China, Southeast Asia, and South America (percentage
of taking nap: 60.5%, 48.0%, 35.5%, and 34.4%, respectively compared
with an average of 25.9% in other countries; Supplementary material on-
line, Appendix Table S2). Furthermore, considering that the need for sleep
might increase with increased age, we examined whether the effects of
estimated total sleep duration on events were consistent in different age
groups by using the median age as the cut-off (<50 years old vs. >_50 years
old). Stratified analysis by employment status (working vs. unemployed)
was also performed.

In addition, to address concerns related to potential reverse causality,
we re-examined the effects of estimated total daily sleep duration after
excluding less healthy individuals (i.e. those with known disability, symp-
toms, or those with history of prior non-cardiovascular and non-cancer
diseases). Further, we performed sensitivity analysis by excluding those
who had events (n = 1368) in the first 2 years of follow-up. Given that
obesity [defined as body mass index (BMI) >_30 kg/m2], particularly for se-
vere obesity (>_40 kg/m2), has been shown strongly associated with sleep
apnea,30,31 sensitivity analysis by additional adjustment for BMI of >_30 as
surrogate for sleep apnoea to correct for its effects was done. Moreover,
to rule out the effects of sleep disorders like insomnia, we performed
sensitivity analyses by exclusion of those who were of high suspicion of
sleep disorders (taking sleep pills, BMI >_40 kg/m2 or feeling depressed for
>_2 weeks in a row in the past 1 year). We also removed potential shift
workers (n = 6403, those who woke up before 4:00 AM or in the after-
noon, or went to bed before 6:00 PM or after 4:00 AM) to rule out the
effects of night shifts. The fully adjusted models were not adjusted for
BMI because it might be part of the causal pathway2,32 and is associated
with diabetes, CVDs, and deaths. We conducted sensitivity analysis by
also adjusting for BMI, physical activity, and diet. Additionally, to examine
the specificity of the associations between estimated daily sleep duration
and total mortality or major cardiovascular events, we assessed the asso-
ciation of estimated daily sleep duration with injuries, which might be
related to tiredness from sleep deprivation. All statistical analyses were
done with SAS version 9.4 (Cary, NC, USA) and STATA 15.1.

Results

During a median follow-up of 7.8 years [interquartile range (IQR)
5.1–9.2], a total of 7342 individuals died or had a major cardiovascular
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..event (4381 participants died and 4365 had a major cardiovascular
event). Compared with those who had an estimated sleep duration
of 6–8 h per day, individuals who slept more than 9 h per day were
more often >_50 years old, females, smokers, and hypertensives, were
less educated, and were more likely to live in rural areas (Table 1).
People with an estimated sleep duration of <_6 h per day had higher
BMI and waist-to-hip ratio, less likely to consume alcohol, and more
likely to have diabetes. There were more participants with shorter-
or longer-estimated sleep duration reporting symptoms of depres-
sion and having at least one prior health condition (disability, symp-
tom or history non-cardiovascular, and non-cancer disease). The
proportion of population taking sleep medications was 1.6% in the
overall population, but this was much higher (6.3%) in high-income
countries. The median estimated total sleep duration in the popula-
tion was 8.0 h (IQR 7.0–9.0) per day.

The associations of estimated total daily sleep duration with all-
cause mortality and major cardiovascular events are illustrated in

Figure 1. Participants with an estimated sleep duration of 6–8 h per
day had the lowest incidences of all outcomes. After adjustment for
age, sex, and centre (as random effect), both shorter (<_6 h/day) and
longer (>8 h/day) estimated daily sleep durations were associated
with higher risks of major cardiovascular events, and the combination
of all-cause mortality and major cardiovascular events. Risk of mortal-
ity was significantly higher in those with longer sleep durations, and
high (but not statistically significant) in those with shorter sleep dura-
tions. In the fully adjusted models, the associations were moderately
attenuated but still indicated a J-shaped relationship between esti-
mated total sleep duration and each of the three outcomes.
Restricted cubic splines for estimated total sleep duration and events
are shown in Figure 2 and Supplementary material online, Appendix
Figure S2, and illustrate these observations.

The results were consistent when examined by region, employ-
ment status, and in those <50 years old and >_50 years old (Table 2;
Supplementary material online, Appendix Table S3). The J-shaped

.....................................................................................................................................................................................................................

Table 1 Baseline characteristics of participants by estimated total sleep duration per day

�6 h (n 5 11 108) 6–8 h (n 5 50 041)

(Reference group)

8–9 h (n 5 31 003) 9–10 h (n 5 16 316) >10 h (n 5 8164)

Age (years), mean (SD) 50.2 (9.5) 50.0 (9.5) 50.6 (9.9) 51.1 (10.2) 51.6 (10.5)

>_50 years (%) 5579 (50.2) 25 040 (50.0) 16 372 (52.8) 8853 (54.3) 4521 (55.4)

Male (%) 5051 (45.5) 21 743 (43.5) 12 412 (40.0) 6329 (38.8) 3238 (39.7)

Urban resident (%) 6977 (62.8) 29 848 (59.7) 16 017 (51.7) 7351 (45.1) 3516 (43.1)

Body mass index (kg/m2), mean (SD) 27.2 (5.5) 26.3 (5.0) 25.7 (4.9) 25.7 (5.0) 25.9 (5.6)

Waist to hip ratio, mean (SD) 0.885 (0.086) 0.877 (0.084) 0.870 (0.080) 0.869 (0.079) 0.873 (0.084)

Education (Trade, college, or

university, %)

2325 (21.0) 12 314 (24.6) 5935 (19.2) 2242 (13.8) 858 (10.5)

Physical activity, MET�min/week

Low (<600) 2562/10 379 (24.7) 8328/47 645 (17.5) 4429/29 540 (15.0) 2464/15 317 (16.1) 1499/7299 (20.5)

Moderate (600–3000) 3548/10 379 (34.2) 17 276/47 645 (36.3) 11 573/29 540 (39.2) 6133/15 317 (40.0) 2864/7299 (39.2)

High (>3000) 4269/10 379 (41.1) 22 041/47 645 (46.3) 13 538/29 540 (45.8) 6720/15 317 (43.9) 2936/7299 (40.2)

AHEI score, mean (SD) 34.8 (8.5) 34.7 (8.4) 35.2 (8.3) 35.1 (8.3) 34.7 (8.4)

Smoker (current and former, %) 3441 (31.1) 16 178 (32.5) 9730 (31.6) 5273 (32.6) 2902 (35.8)

Drinker (current and former, %) 2215 (20.3) 16 379 (33.2) 10 041 (32.7) 5152 (31.9) 2952 (36.6)

Hypertension (%) 4272 (38.5) 19 100 (38.2) 12 411 (40.1) 6756 (41.4) 3581 (43.9)

Diabetes (%) 1188 (10.7) 3316 (6.6) 1739 (5.6) 984 (6.0) 568 (7.0)

Depression (%) 1056 (9.5) 3741 (7.5) 1975 (6.4) 1259 (7.8) 917 (11.3)

Chronic obstructive pulmonary

disease (%)

81 (0.7) 318 (0.6) 188 (0.6) 121 (0.7) 77 (0.9)

Health conditiona (%) 8196 (73.8) 35 739 (71.4) 21 688 (70.0) 11 860 (72.7) 6441 (78.9)

No. of participants taking nap (%) 2279 (20.5) 13 723 (27.4) 13 647 (44.0) 9790 (60.0) 5842 (71.6)

Duration of daytime naps (min),

median (q1–q3)

30 (30–60) 45 (30–60) 60 (30–60) 60 (40–90) 60 (60–120)

Total estimated sleep duration (h),

median (q1–q3)

5.5 (5.0–6.0) 7.5 (7.0–8.0) 9.0 (8.5–9.0) 9.5 (9.5–10.0) 11.0 (10.5–11.5)

AHEI, alternate healthy eating index; SD, standard deviation.
aHealth condition is defined as having any disabilities, symptoms, or history diseases.
Disabilities: having trouble grasping/handling with fingers, walking about (or require a walking stick cane/walker), bending down and picking up objects, reading, seeing the indi-
vidual grains of rice/corn on the plate or a person from across the room (with glass worn), speaking, or hearing in a normal conversation. Symptoms: having experienced any of
the following in the last 6 months: chest pain or breathlessness with usual activity, cough (>_2 weeks), sputum while coughing, blood in sputum, wheezing or whistling in the
chest, early morning cough with chest tightness, diarrhoea (>_3 days), vomiting, loss of appetite, painful or bleeding teeth/gums, jaundice, burning while passing urine, swelling of
feet or face, blood in urine, involuntary weight loss of >3 kg. History diseases: having been diagnosed with diabetes, hypertension (or high blood pressure), hepatitis (or jaun-
dice), chronic obstructive pulmonary disease, asthma, tuberculosis, malaria, or Chagas.
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association of estimated total sleep duration with events was consist-
ently observed both in regions where daytime napping is common
and where it is less common. The association of longer sleep dura-
tions per day with composite outcome was more pronounced in
those >_50 years of age. Sensitivity analysis by excluding those with
disabilities, symptoms or prevalent diseases did not alter our results.
Additional sensitivity analysis by excluding events observed in the first
2 years indicated consistent results in the association of sleep with
events recorded in the subsequent years. The results did not change
by additional adjustment for those with high likelihood of sleep ap-
noea (obesity), or by exclusion of those who were highly suspected
of sleep disorders (e.g. those taking sleeping tablets), or by exclusion
of potential shift workers. The association for longer estimated sleep
duration was slightly attenuated but did not alter when further
adjusted for BMI, physical activity, and diet (Supplementary material
online, Appendix Table S4). In addition, to address the specificity of the
association, we examined the association of total daily sleep duration
with injuries and found only shorter (but not longer) estimated
sleep duration was associated with increased risk of injuries
(Supplementary material online, Appendix Table S5).

As for the sleep patterns, compared with those who slept 6–8 h at
night and did not take naps during the day, individuals with same esti-
mated duration of nocturnal sleep plus daytime naps (mean 8.4 h/
day), shorter nocturnal sleepers without daytime naps (mean 5.4 h/
day), and longer nocturnal sleepers (>8 h per night with or without
daytime napping, mean 9.6 h/day) were associated with increased risk
of death and major CVDs. Those who slept <_6 h at night but took
daytime naps (total mean 6.4 h/day) had a non-significantly increased

risk compared to those who slept for 6–8 h only at night
(Supplementary material online, Appendix Figure S3).

When analysing the impact of daytime naps, those who napped
had a graded increase in risk of composite outcome regardless of em-
ployment status, and separate outcomes (Supplementary material
online, Appendix Tables S6 and S7). However, there was a significant
interaction between nap duration and estimated nocturnal sleep dur-
ation for all outcomes. After stratification by estimated nocturnal
sleep duration (<_6 h/night or >6 h/night), the association between
naps and greater risk of outcomes was only observed in those who
slept at least 6 h at night but not in those with shorter duration of
nocturnal sleep (Figure 3).

Discussion

In this global prospective cohort study, we observed a J-shaped asso-
ciation between estimated total daily sleep duration and mortality
and major cardiovascular events. An estimated sleep duration of
6–8 h per day was associated with the lowest risk of deaths and major
cardiovascular events. Longer sleep durations were associated with
elevated risk of the composite outcome and shorter durations
showed a non-significant trend for increased risk of the composite
outcome. Daytime napping was associated with higher risks of all out-
comes in those with sufficient or longer sleep at night (i.e. over 6 h of
estimated nocturnal sleep) but not in those with shorter estimation
of nocturnal sleep (i.e. under 6 h per night). Individuals with short

Figure 1 Associations of estimated total sleep duration per day with all-cause mortality and major cardiovascular events. (A) Adjusted for age, sex,
and centre as random effect. (B) Adjusted for age, sex, education attainment, smoking status, drinking status, urban or rural residency, family history
of cardiovascular diseases (coronary heart disease and stroke), the history of diabetes, hypertension and chronic obstructive pulmonary disease, de-
pression, and centre as random effect. CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio. Incidence: per 1000 person-years.
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sleep at night appeared to mitigate their risks if they napped during
the day.

Insufficient sleep is of importance in today’s ‘24 h/7 days’ modern
society, where long hours at work, or for social and leisure activities
inevitably limit sleep time.1 The recommended minimum duration of
sleep is 7 h/day for cardiovascular health,12 but there is no recom-
mendation for what an upper limit of sleep duration is for optimal
health.

The association of short estimated sleep duration was relatively
weaker in our analysis than some previous findings. Those discrepan-
cies could be possible in light of the various definitions of short sleep.
The association seems stronger in studies4,33 with a short sleep of
<_5 h per day. A recent meta-analysis reported no association be-
tween short duration of sleep and total CVD10 and another showed
weaker association for the reduction of sleep duration than incre-
ment of sleep time.34 The Shanghai Women’s and Men’s Health
Studies35 (n = 113 138) separately evaluated the associations of sleep
duration per day with CVD (4–5 h vs. 7 h: HR 1.05, 95% CI 0.87–1.26;
6 h vs. 7 h: HR 1.10, 95% CI 0.94–1.29) and all-cause mortality (6 h vs.
7 h: HR 1.06, 95% CI 0.97–1.16) and showed modest but similarly
non-significant increases in events with short duration of sleep,

comparable to the magnitude of excess risk that we observed.
Consistent with previous studies,9,10,34,36 we observed that longer
estimated sleep duration had a stronger and graded association with
mortality and CVD. It is possible that those who sleep longer may
have underlying conditions (which may not yet be clinically apparent)
that in themselves increase the risk of CVD and mortality, indicating
that prolonged sleep could be a marker of illness. We reanalysed the
data among those who did not have disabilities at baseline, prevalent
diseases, or symptoms. Such analyses resulted in similar findings.
Furthermore, excluding those who had events within the first 2 years
also did not alter the results. This suggests that sleep duration per se
may be associated with increased risks but causality cannot be defini-
tively proven from this or other observational studies (and random-
ized studies of different sleep durations may be difficult to conduct).
In addition, we found that the associations were consistent in popula-
tions from different regions, which was similar with the results of a
meta-analysis.10

We found that daytime nap duration was associated with a graded
increase in risk of all outcomes in those who slept over 6 h per night.
The association between daytime naps and an elevated risk of mortal-
ity was also reported in previous longitudinal studies21,37 and

Figure 2 Restricted spline curve for association between estimated total daily sleep duration and the composite of total deaths and major cardio-
vascular diseases. Adjusted for age, sex, education attainment, smoking status, drinking status, urban or rural residency, geographic regions, family his-
tory of cardiovascular diseases (coronary heart disease and stroke), the history of diabetes, hypertension and chronic obstructive pulmonary disease,
and depression.
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..meta-analysis.38 Compared with sleep duration per night or per day,
fewer studies have assessed the associations between naps and mor-
tality or cardiovascular events, and no recommendation with respect
to daytime nap exists. Individuals nap in the daytime for several rea-
sons. Naps may compensate for sleep loss during the night among
those who stay up late for work or leisure, or naps may be related to
cultural factors. It could also be a countermeasure for daytime sleepi-
ness or fatigue which might be the early clinical manifestations of
underlying diseases.39–41 Irrespective of the duration, daytime nap-
ping elevated the risk of deaths or major CVDs if individuals got ad-
equate or long nocturnal sleep; but it might be beneficial if individuals
slept less at night (<_6 h/night) and compensated for lack of nocturnal
sleep. Our findings of the possible protective effects of daytime naps
among those with short estimated night time sleep is in keeping with
results from a prior study.42

Some mechanisms have been proposed to explain the increased
risk of CVDs among those with shorter sleep durations. Evidence has
shown that sleep debt regulates the metabolic and endocrine hor-
mones, like insulin and leptin, leading to alterations of appetite and
glucose metabolism that may accelerate the development of obesity
and diabetes.2,43,44 Alternatively, excessive sleep duration may be a
subclinical marker of those with undiagnosed diseases.45

Increased total sleep time or taking daytime naps among those
with adequate duration of nocturnal sleep might be early indicators
of poorer health and help identify those at higher risk of CVD and
mortality. Therefore, including questions about sleep patterns

(duration and status of daytime naps) in the clinical history may be of
value in identifying higher risk individuals.

Our study has several limitations. First, we estimated the nocturnal
sleep duration based on the time space between going to bed and
waking up. The potential misclassifications might occur by using time
in bed as substitute for actual sleep duration. However, the use of ob-
jective methods (like polysomnography) to accurately measure the
sleep time is usually not feasible in large studies of general popula-
tions which is a common limitation of sleep-related epidemiological
studies. Inaccuracies in estimating the duration of sleep would tend
to dilute the associations between sleep duration and events and so
the true effects of sleep duration may be more marked than what we
have observed in our study. Previous studies46,47 have shown subject-
ive estimates of sleep duration and more precise measurements like
sleep diaries, actigraphy, and polysomnography are highly correlated.
Additionally, a large study23 (n = 2162) using polysomnography has
shown high averaged sleep efficiency (actual sleep time divided by
time in bed) in general population, which indicates the high correl-
ation between sleep duration and time in bed. Second, we assumed
that durations of night time and daytime naps did not change during
the follow-up period. If such changes occurred, they would have
weakened the contrast between groups and the observed associa-
tions would have been underestimated. Third, we did not collect
sleep disorders (like apnoea and insomnia) which can impact on sleep
and might also affect health outcomes.48,49 We attempted to correct
for sleep disorders by using a BMI of >_30 kg/m2 as surrogate for sleep

.........................................................................................................................

....................................................................................................................................................................................................................

Table 2 Association of estimated total sleep duration per day with the composite of deaths and cardiovascular dis-
eases by region and by age

Hazard ratioa (95% CI) P for

interaction

�6 h 6–8 h 8–9 h 9–10 h >10 h

Overall (n = 116 632)

Incidence (per 1000 person-years, 95% CI) 9.4 (8.7–10.2) 7.8 (7.5–8.1) 8.4 (8.0–8.7) 10.4 (9.8–11.0) 14.8 (13.8–15.8) NA

Fully adjusted model 1.09 (0.99–1.20) 1.00 (Ref) 1.05 (0.99–1.12) 1.17 (1.09–1.25) 1.41 (1.30–1.53)

Regions

Regions where naps are common (Middle East, China, Southeast Asia, and South America, n=83 322) 0.42

Incidence (per 1000 person-years, 95% CI) 9.1 (8.3–10.0) 7.5 (7.2–7.9) 7.8 (7.4–8.3) 9.7 (9.0–10.3) 12.5 (11.5–13.7)

Fully adjusted model 1.10 (0.98–1.23) 1.00 (Ref) 1.02 (0.94–1.09) 1.13 (1.04–1.24) 1.33 (1.20–1.47)

Other regions where naps are uncommon (North America and Europe, South Asia, and Africa, n = 33 310)

Incidence (per 1000 person-years, 95% CI) 10.3 (8.9–12.0) 8.2 (7.7–8.7) 9.9 (9.1–10.8) 12.9 (11.6–14.3) 19.9 (17.9–22.1)

Fully adjusted model 1.08 (0.91–1.27) 1.00 (Ref) 1.14 (1.03–1.27) 1.24 (1.09–1.41) 1.57 (1.36–1.81)

Age (years)

<50 years old (n = 56 267) 0.76

Incidence (per 1000 person-years, 95% CI) 4.4 (3.7–5.2) 3.8 (3.5–4.1) 4.0 (3.7–4.4) 4.7 (4.2–5.3) 7.2 (6.2–8.3)

Fully adjusted model 1.14 (0.94–1.38) 1.00 (Ref) 1.04 (0.92–1.18) 1.12 (0.96–1.30) 1.40 (1.17–1.67)

>_50 years old (n = 60 365)

Incidence (per 1000 person-years, 95% CI) 14.3 (13.1–15.7) 11.7 (11.2–12.2) 12.3 (11.7–12.9) 15.2 (14.3–16.2) 20.9 (19.4–22.6)

Fully adjusted model 1.06 (0.96–1.19) 1.00 (Ref) 1.08 (1.00–1.15) 1.26 (1.16–1.37) 1.54 (1.41–1.70)

CI, confidence interval; NA, not applicable.
aWhen stratified by region, we adjusted for age, sex, education attainment, smoking status, drinking status, urban or rural residency, family history of cardiovascular diseases
(coronary heart disease and stroke), the history of diabetes, hypertension and chronic obstructive pulmonary disease, depression, and centre as random effect. Age was
removed from the model when stratified by age.
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..apnoea and exclusion of those who were highly suspected of sleep
disorders and those were less healthy. Our results were unchanged.
Last, as with other observational studies, we cannot completely rule
out the possible confounding from unmeasured factors despite the
fact that we had adjusted extensively for participant characteristics.
Ideally large randomized trials of different sleep durations would be
desirable from a methodologic perspective but how they could be
designed to be feasible is not presently clear. We hope our paper will
stimulate others to consider the designs of future studies on this
question.

Our study shows a J-shaped association between estimated total
daily sleep duration and all-cause mortality and cardiovascular events.
An estimated total sleep duration of 6–8 h per day is associated with
the lowest risk. Daytime naps are associated with excessive risks of
major cardiovascular events and deaths except in those with less noc-
turnal sleep suggesting that this may be a compensatory mechanism
when nocturnal sleep is short.

Supplementary material

Supplementary material is available at European Heart Journal online.
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