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Study Objectives: The current study sought to determine whether sleep duration and change in sleep duration are associated with all-cause mortality in a 
community sample of middle-aged and older adults while accounting for several confounding factors including prevalent sleep-disordered breathing (SDB).
Methods: Habitual sleep duration was assessed using self-report (< 7, 7–8, ≥ 9 h/night) at the baseline and at the follow-up visits of the Sleep Heart Health 
Study. Techniques of survival analysis were used to relate habitual sleep duration and change in sleep duration to all-cause mortality after adjusting for 
covariates such as age, sex, race, body mass index, smoking history, prevalent hypertension, diabetes, cardiovascular disease, antidepressant medication 
use, and SDB severity.
Results: Compared to a sleep duration of 7–8 h/night, habitually long sleep duration (≥ 9 h/night), but not short sleep duration (< 7 h/night), was associated 
with all-cause mortality with an adjusted hazards ratio of 1.25 (95% confidence interval [CI]: 1.05, 1.47). Participants who progressed from short or normal 
sleep duration to long sleep duration had increased risk for all-cause mortality with adjusted hazard ratios of 1.75 (95% CI: 1.08, 2.78) and 1.63 (95% CI: 1.26, 
2.13), respectively. Finally, a change from long to short sleep duration was also associated with all-cause mortality.
Conclusion: Long sleep duration or a shift from long to short sleep duration are independently associated with all-cause mortality.
Keywords: sleep duration, mortality
Citation: Aurora RN, Kim JS, Crainiceanu C, O’Hearn D, Punjabi NM. Habitual sleep duration and all-cause mortality in a general community sample. 
SLEEP 2016;39(11):1903–1909.

INTRODUCTION
Over recent years there has been considerable interest in the 
association between habitual sleep duration and adverse health 
outcomes including mortality. Substantial research has previ-
ously focused on whether optimizing sleep quantity and quality 
decrease medical comorbidities and improve health-related 
endpoints. Habitual sleep duration may, in fact, represent an 
important target for health promotion as it could have sub-
stantial implications for general health, comparable to other 
well-established risk factors such as obesity and hypercholes-
terolemia. Habitual sleep duration is determined by a com-
plex interaction between multiple factors including lifestyle 
choices, environment, and innate biological drive. In addition, 
prevalent medical comorbidities can influence habitual sleep 
duration which, in turn, could influence the development and 
progression of a number of chronic conditions. In fact, accruing 
evidence has demonstrated an association between habitually 
short sleep duration and cardiovascular disease, hypertension, 
obesity, type 2 diabetes, and cancer.1–8 Interestingly, the pre-
dominance of available evidence suggests that both short and 
long sleep duration may be independent predictors of all-cause 
mortality, pointing to a U-shaped association between habitual 
sleep duration and all-cause mortality.2,3,8,9 However, interpre-
tation of the existing literature is challenging due to several 
methodological limitations. For example, while most studies 
have accounted for surrogates of sleep-disordered breathing 
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Significance
Although habitual sleep duration has been associated with all-cause mortality, it remains to be determined whether this association is independent of 
the effects of sleep-disordered breathing. Moreover, little is known about how changes in sleep duration over time influence mortality. The current study 
utilizes polysomnographic data in a cohort of middle-aged and older men and women and demonstrates that long sleep duration is associated with all-
cause mortality independent of several confounding conditions including sleep-disordered breathing. In addition, progression to habitually long sleep or 
curtailing sleep from long to short sleep are both independently associated with all-cause mortality. Critical gaps exist on the putative links between long 
sleep duration and adverse outcomes including all-cause mortality.

(SDB) such as body mass index (BMI), excessive daytime 
sleepiness, or self-reported snoring, evidence accounting for 
polysomnographically-determined SDB, in the association 
between sleep duration and adverse outcomes is limited.5,6,10 
SDB, which may alter sleep duration by fragmenting sleep, is 
an independent risk factor for many of the same adverse health 
effects that have been noted with sleep duration including 
stroke, cardiovascular disease, hypertension, impaired glucose 
metabolism, and all-cause mortality.11–17 Thus, residual con-
founding by SDB makes it difficult to draw inferences from the 
prevailing literature about habitual sleep duration and all-cause 
mortality. Even more importantly, the preponderance of avail-
able studies have examined habitual sleep duration as a fixed 
exposure while it is well recognized that it is a time-varying 
behavior. The use of a single time point to represent habitual 
sleep duration represents an important limitation in the current 
state of the art and makes interpretation of the available data 
challenging. Thus, the overall aim of the current study was to 
examine whether habitual sleep duration and/or longitudinal 
change in sleep duration are associated with all-cause mortality 
after accounting for several confounding factors including 
prevalent comorbidities such as SDB. Using data from the 
Sleep Heart Health Study (SHHS), information on habitual 
sleep duration collected during two visits was used to test hy-
potheses regarding the associations between sleep duration, the 
change in sleep duration, and all-cause mortality.
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METHODS

Study Design and Population
The SHHS is a prospective cohort study of cardiovascular 
consequences of SDB. Details of the study design have been 
reported previously.18 Briefly, between 1995 and 1998 study 
participants were recruited from prospective cohort studies in-
cluding the Framingham Offspring and Omni Study, the Ath-
erosclerosis Risk in Communities Study, the Cardiovascular 
Health Study, the Strong Heart Study, and the cohort studies of 
respiratory disease in Tucson and of hypertension in New York. 
Eligible participants were at least 40 y of age and were not 
being treated for SDB with positive airway pressure therapy, 
oral appliance, oxygen, or tracheostomy. A total of 6,441 par-
ticipants completed the baseline examination. Of this group, 
4,278 completed the follow-up assessments between 2000 and 
2003. All study participants provided written consent and the 
study protocol was approved by the institutional review board 
of each field site.

Data Collection
All study participants completed a number of assessments at 
the first and at the second visits that included a detailed health 
interview, full-montage unattended home polysomnogram, 
anthropometry, measurements of blood pressure, as well as 
interviewer-administered questionnaires on sleep habits and 
prescription medication use. Prevalent cardiovascular dis-
ease was defined as a history of physician-diagnosed angina, 
heart failure, myocardial infarction, stroke, and coronary re-
vascularization, determined by adjudicated surveillance data 
provided by the parent cohorts or by self-report at enrollment. 
Information on several health behaviors, such as smoking, was 
obtained by self-report. Anthropometric measures including 
weight and height were obtained along with three measure-
ments of resting blood pressure by trained technicians. Ha-
bitual sleep duration was determined with the following 
question: “How many hours of sleep do you usually get at night 
(or your main sleep period) on weekdays or workdays?” at the 
two visits. Sleep duration was categorized for both visits as 
follows: (a) short sleep duration was defined as less 7 h/night; 
(b) normal sleep duration was defined as 7–8 h/night; and (c) 
long sleep duration was defined as ≥ 9 h/night. Further sub-
divisions of short sleep duration (i.e., < 5 and 6 h/night) were 
also examined. Results derived from analyses using these sub-
divisions were not materially different when compared to re-
sults obtained from using < 7 h/night to define habitually short 
sleep duration. Change in sleep duration between the first and 
second visits was modeled by constructing categories repre-
senting all possible pairs of change in sleep duration between 
the two visits. A total of nine subgroups that described the visit 
1 to visit 2 change in sleep duration were delineated as follows: 
short to short (S-S), short to normal (S-N), short to long (S-L), 
normal to short (N-S), normal to normal (N-N), normal to long 
(N-L), long to short (L-S), long to normal (L-N), and long to 
long (L-L).

The sleep study was conducted at home using a portable 
monitor (P-Series, Compumedics, Abbotsford, Australia). 
The following signals were recorded: C3/A1 and C4/A2 

electroencephalograms, bilateral electrooculograms, a single 
bipolar electrocardiogram, a chin electromyogram, oxyhe-
moglobin saturation by pulse oximetry, chest and abdominal 
excursion by inductance plethysmography, airflow by an oro-
nasal thermocouple, and body position by a mercury gauge. 
Details of polysomnographic equipment, hookup procedures, 
failure rates, scoring, and quality assurance and control have 
been previously published.19 Apneas were identified if airflow 
was absent or nearly absent for at least 10 sec. Hypopneas were 
identified when there was at least 30% reduction in airflow 
or thoracoabdominal movement below baseline values for at 
least 10 sec associated with a 4% decrease in oxygen saturation. 
Apneas were further classified as obstructive if movement on 
either the chest or abdominal inductance channels was noted, 
or as central if no displacement was observed on both of these 
channels. The apnea-hypopnea index (AHI) was defined as the 
number of apneas and hypopneas per hour of sleep.

Deaths from any cause, the primary endpoint for this report, 
were identified and confirmed for the cohort using multiple 
concurrent approaches including follow-up interviews, written 
annual questionnaires or telephone contacts with study partici-
pants or next-of-kin, surveillance of local hospital records and 
community obituaries, and linkage with the Social Security 
Administration Death Master File as previously described.15 
Using these methods, 1,509 deaths were identified in the inci-
dent cohort with a censoring date of December 7, 2011.

Statistical Analysis
Mortality rates were calculated by dividing the number of 
deaths by number of accumulated person-years at risk. Habitual 
self-reported sleep duration at the first visit was categorized as 
follows: < 7 h/night (short), 7–8 h/night (normal), and ≥ 9 h/
night (long). Kaplan-Meier survival curves were used to eval-
uate the association between sleep duration at the first visit, 
change in sleep duration between the two visits, and all-cause 
mortality. Proportional hazards regression models were then 
constructed to calculate unadjusted as well as adjusted hazard 
ratios for all-cause mortality. Age, sex, race, smoking status, 
and body mass index (BMI) were considered as covariates in 
all of the multivariable models. Age and BMI were modeled as 
linear terms in the primary models. Quadratic or categorical 
terms for age and BMI were also examined and were found 
to not alter the parameter estimates or overall inferences re-
garding sleep duration and all-cause mortality. To account for 
potential confounding, preexisting medical conditions such as 
prevalent hypertension, cardiovascular disease (angina, heart 
failure, myocardial infarction, stroke, and coronary revascu-
larization), diabetes, smoking status (current, former, or never) 
and SDB severity at the baseline visit were considered as co-
variates. SDB severity was assessed using the AHI, which was 
considered as a continuous and categorical variable (< 5.0, 5.0–
14.9, 15.0–29.9, and ≥ 30 events/h). Because the findings from 
the inclusion of AHI as continuous versus categorical variable 
were similar, AHI was included as a continuous variable. Ad-
ditionally, use of antidepressant medications were used as a 
surrogate for depression and added to the multivariable models. 
Sensitivity analyses were also conducted to include the five-
item mental health index from the Medical Outcomes Study 
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36-Item Short Form Health Survey as a surrogate marker of de-
pression.20,21 Four final models were generated to characterize 
the association between habitual sleep duration at the first visit 
and mortality. Model 1 included age, sex, race, and BMI as co-
variates. Model 2 included the variables from model 1 as well 
as smoking status defined as never, former, or current. Model 
3 added medical conditions such as prevalent hypertension, 
cardiovascular disease, diabetes, and SDB severity to model 
2. The final model (model 4) included use of antidepressant 
medications and the covariates included in model 3. Interac-
tions between age, sex, AHI, and sleep duration were included 
to examine the differential effects of age, sex, and AHI on the 
association between sleep duration and mortality. To define the 
influence of change in sleep duration, all of the aforementioned 
analyses were repeated after replacing habitual sleep duration 
from the first visit with a categorical variable reflecting the 
change in sleep duration from visit 1 to visit 2 while adjusting 
for baseline covariates for medical comorbidity and AHI. 
Finally, the effect of time-varying covariates (e.g., smoking, 
BMI, AHI, hypertension, diabetes, and cardiovascular dis-
ease) on the association between change in sleep duration and 
all-cause mortality was also assessed using the proportional 
hazards regression model. All analyses were conducted using 
STATA 13.0 (College Station, TX).

RESULTS
Of the 6,441 participants enrolled in the SHHS inception co-
hort, complete data on sleep duration and other covariates 
were available for 5,784 participants constituting the base-
line analysis sample. The average time from the baseline visit 
to the end of the follow-up period was 10.8 y (standard de-
viation [SD] 3.2). Demographic and covariate data by sleep 

duration category (short, normal, long) are presented in Table 
1. Significant differences in baseline covariates were ob-
served between categories of sleep duration. Those reporting 
sleeping ≥ 9 h/night were older, more likely to include Na-
tive Americans, and had a higher AHI. In addition, prevalent 
hypertension, cardiovascular disease, and diabetes were also 
more common in participants with a habitual sleep duration 
of ≥ 9 h/night. Mortality rates also varied as function of ha-
bitual sleep duration. Over the follow-up period, there were 
a total of 1,509 deaths in the cohort with a mortality rate of 
36.3 and 22.4 per 1,000-person years in those participants re-
porting ≥ 9 and < 7 h/night of habitual sleep. Not surprisingly, 
the group reporting normal sleep duration (7–8 h/night) had 
the lowest mortality rate of 20.1 per 1,000-person years.

The unadjusted Kaplan-Meier survival curves by sleep 
duration categories as assessed during the first SHHS visit 
are shown in Figure 1. The follow-up period for the survival 
curves was from the baseline sleep study to the end of the 
follow-up period (average time 10.8 y). Although a small dif-
ference in the survival curves was observed between short 
and normal sleep duration groups (P < 0.07), participants re-
porting habitually long sleep duration at the first visit had 
the highest mortality of the three groups (P < 0.0001 for 
homogeneity of survival curves shown in Figure 1). Further 
division of those sleeping ≤ 7 h/night into subgroups (≤ 5 
and 6 h/night) showed no material differences in the sur-
vival curves and thus the < 7 h/night criterion was retained 
to define short sleep duration. Using the normal sleep dura-
tion group as reference, the age, sex, race, and BMI adjusted 
hazard ratios for short and long sleep duration were 1.04 (95% 
confidence interval [CI] 0.92, 1.17) and 1.30 (95% CI 1.10, 
1.54), respectively. After adjusting for demographic factors, 

Table 1—Sample characteristics by self-reported sleep duration at the baseline visit.

Characteristic < 7 h/night (n = 1,676) 7–8 h/night (n = 3,633) ≥ 9 h/night (n = 475) P
Age, y 62.8 63.7 67.1  < 0.0001
Body mass index, kg/m2 28.4 28.8 28.4 0.02
Sex, %

Women
Men

52.4
47.6

53.8
46.2

56.4
43.6

0.21

Race,%
White
African-American
Native American
Hispanic
Other

81.0
4.6
9.4
3.7
1.3

74.1
10.0

9.0
5.3
1.7

77.9
5.5

13.9
2.5
0.2

 < 0.0001

Smoking status, %
Never
Former
Current

46.3
43.0
10.7

46.0
42.8
11.2

43.8
44.6
11.6

0.85

Apnea-hypopnea index, events/h 8.5 9.2 9.9 0.03
Hypertension, % 49.9 56.3 59.8  < 0.0001
Diabetes, % 9.9 12.4 12.6  < 0.01
Cardiovascular disease, % 15.4 18.9 20.6  < 0.001
Deaths, % 24.2 21.8 35.8  < 0.0001
Mortality rate per 1,000 person-years 22.4 20.1 36.3  < 0.0001
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prevalent health conditions, smoking status, and antidepres-
sant medication use (a surrogate for depression), a statisti-
cally significant association was not observed between short 
sleep duration and all-cause mortality (model 4; Table 2). In 
contrast, compared to participants with normal sleep dura-
tion at the first visit, those with habitually long sleep dura-
tion had a 25% excess mortality (hazard ratio: 1.25; 95% CI 
1.05, 1.47). Interactions between sleep duration and SDB 
severity (i.e., AHI), age, and sex were also assessed. Inclu-
sion of such interaction terms showed no statistically signifi-
cant effects, indicating that the association between baseline 

sleep duration and all-cause mortality was not heterogeneous 
across age, sex, or AHI categories.

To determine whether the change in sleep duration pre-
dicted all-cause mortality, a total of 4,278 participants from 
the SHHS inception cohort were examined because of avail-
ability of complete data on self-reported sleep duration from 
both visits. The average time from the second visit to the end 
of the follow-up period was 5.2 y and was relatively uniform 
across participants with little variability (SD 0.1). Kaplan-
Meier survival curves were initially constructed as a function 
of change in sleep duration between the baseline and follow-

up visit. Because no differences in 
the survival curves were observed 
for several categories, their sur-
vival data were graphically repre-
sented as a collective group to ease 
exposition (Figure 2; top panel). 
Specific subgroups of sleep dura-
tion change had higher mortality 
compared to others. First, par-
ticipants who reported habitually 
long sleep duration at both visits 
had a lower survival experience 
when compared to the other groups. 
Second, the survival experience 
was markedly worse for those ex-
tending their sleep and becoming 
long habitual sleepers (i.e., N-L and 
S-L subgroups). Finally, of all the 
groups, survival appeared to be the 
worst for participants who short-
ened their sleep from ≥ 9 h to under 
7 h (L-S) although the sample size 
of that subgroup was small (n = 18). 
Table 3 shows the distribution of 
the 4,278 participants as a function 

Figure 1—Kaplan-Meier survival curves for all-cause mortality as a function of self-reported sleep 
duration at the baseline visit.

Table 2—Adjusted hazard ratios for self-reported sleep duration and all-cause mortality.

Sleep Duration (h/night) Model 1 a Model 2 b Model 3 c Model 4 d

< 7 1.04 (0.92, 1.17) 1.03 (0.91, 1.16) 0.98 (0.87, 1.11) 0.98 (0.87, 1.10)
7–8 Reference Reference Reference Reference
≥ 9 1.30 (1.10, 1.54) 1.30 (1.10, 1.53) 1.25 (1.06, 1.48) 1.25 (1.05, 1.47)

a Adjusted for age (continuous), sex, race, and body mass index (BMI; continuous). b Adjusted for age (continuous), sex, race, BMI (continuous), and 
smoking status (never, former, current). c Adjusted for age (continuous), sex, race, BMI (continuous), smoking status (never, former, current), and prevalent 
hypertension, cardiovascular disease, diabetes, and apnea-hypopnea index (AHI; continuous) from the baseline visit. d Adjusted for age (continuous), 
sex, race, BMI (continuous), smoking status (never, former, current), and prevalent hypertension, cardiovascular disease, diabetes, AHI (continuous), and 
antidepressant medications from the baseline visit.

Table 3—Age and sex-adjusted hazard ratios based on habitual sleep duration from the first and second visits.

Visit 1 Sleep Duration
Visit 2 Sleep Duration

Short (< 7 h/night) Normal (7–8 h/night) Long (≥ 9 h/night)
Short (< 7 h/night) 1.18 (0.94–1.47) n = 627 0.97 (0.74–1.28)  n = 521 2.11 (1.34–3.35) n = 50
Normal (7–8 h/night) 1.01 (0.77–1.33) n = 417 1.00 (Reference) n = 204 1.70 (1.30–2.22) n = 263
Long (≥ 9 h/night) 2.30 (1.14–4.67) n = 18 1.45 (1.04–2.03)  n = 186 1.25 (0.88–1.77) n = 148
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of sleep duration at the first and second visits and the respec-
tive age and sex-adjusted hazard ratios for mortality in the 
various subgroups. To account for potential confounding, sev-
eral multivariable proportional models were constructed as 
before (Table 4). After accounting for demographic variables, 
prevalent medical conditions, smoking status, anti-depressant 
medication use, and SDB severity at the baseline visit, a sta-
tistically significant increase in the risk for mortality was ob-
served in participants who reported a shift from either short 
or normal sleep duration to long sleep duration. Specifically, 
there was a 75% higher mortality in participants who transi-
tioned from short to long habitual sleep duration (hazard ratio 
1.75; 95% CI 1.08, 2.78) and a 63% increase in mortality in 
those participants that transition 
from normal to long sleep duration 
(hazard ratio 1.63; 95% CI 1.26, 
2.13). Finally, in the subgroup that 
transitioned from habitually long 
to short sleep duration, the risk for 
all-cause mortality was 2.01 (95% 
CI 1.04, 4.09) when compared to 
habitually normal sleepers at both 
time points. Sensitivity analyses 
were conducted by restricting the 
sample of 4,278 participants with 
follow-up data on sleep duration 
to only those participants who had 
complete data on all of the covari-
ates, including prevalent medical 
comorbidity and SDB severity 
from repeat polysomnography 
(n = 2,834). Multivariable propor-
tional hazards models were con-
structed as in Table 4 but with the 
inclusion of time-varying covari-
ates. These models showed that the 
adjusted hazard ratios regarding 

the change in sleep duration to all-cause mortality were mate-
rially unchanged (data not shown).

DISCUSSION
The results of the current study revealed several important find-
ings regarding the association between habitual sleep duration 
and all-cause mortality in a community cohort of middle-aged 
and older adults. First, independent of several confounding 
variables, including the presence and severity of SDB, habitu-
ally long sleep duration, but not short sleep duration, was as-
sociated with increased all-cause mortality. Second, change 
in sleep duration and specifically progression to habitually 
long sleep also was independently associated with all-cause 

Table 4—Adjusted hazard ratios for change in self-reported sleep duration and all-cause mortality.

Change in Sleep Duration Category Model 1 a Model 2 b Model 3 c Model 4 d

S-S 1.16 (0.93, 1.46) 1.15 (0.92, 1.43) 1.07 (0.86, 1.35) 1.07 (0.87, 1.35)
S-N 0.96 (0.73, 1.25) 0.94 (0.72, 1.24) 0.90 (0.68, 1.18) 0.89 (0.69, 1.18)
S-L 2.05 (1.29, 3.24) 1.98 (1.27, 3.19) 1.74 (1.10, 2.76) 1.75 (1.08, 2.78)
N-S 0.94 (0.71, 1.24) 0.94 (0.71, 1.24) 0.96 (0.73, 1.27) 0.96 (0.73, 1.26)
N-N Reference Reference Reference Reference
N-L 1.69 (1.29, 2.20) 1.69 (1.29, 2.20) 1.63 (1.26, 2.13) 1.63 (1.26, 2.13)
L-S 2.36 (1.16, 4.77) 2.18 (1.06, 4.34) 1.99 (1.03, 4.05) 2.01 (1.04, 4.09)
L-N 1.36 (0.97, 1.91) 1.35 (0.96, 1.89) 1.26 (0.90, 1.77) 1.27 (0.90, 1.78)
L-L 1.22 (0.86, 1.73) 1.24 (0.87, 1.76) 1.19 (0.83, 1.69) 1.18 (0.83, 1.67)

a Adjusted for baseline age (continuous), sex, race, and body mass index (BMI; continuous) from the baseline visit. b Adjusted for baseline age (continuous), 
sex, race, BMI (continuous), and smoking status (never, former, current) from the baseline visit. c Adjusted for baseline age (continuous), sex, race, BMI 
(continuous), smoking status (never, former, current), and prevalent hypertension, cardiovascular disease, diabetes, and apnea-hypopnea index from the 
baseline visit. d Adjusted for baseline age (continuous), sex, race, BMI (continuous), smoking status (never, former, current), and prevalent hypertension, 
cardiovascular disease, diabetes, sleep-disordered breathing, and antidepressant medications from the baseline visit. L-L, long-to-long; L-N, long-to-
normal; L-S, long-to-short; N-L, normal-to-long; N-N, normal-to-normal; N-S, normal-to-short; S-L, short-to-long; S-N, short-to-normal; S-S, short-to-short. 

Figure 2—Kaplan-Meier survival curves for all-cause mortality as a function of change in self-reported 
sleep duration between the baseline and follow-up visits.
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mortality. Finally, study participants curtailing sleep from 
long (≥ 9 h/night) to short sleep duration (< 7 h/night) had an 
approximate doubling of their mortality risk compared with 
those consistently reporting normal sleep duration.

The question of how much sleep is needed to optimize 
health and function has been a topic of significant scientific, 
clinical, and public debate. Over recent years, there has been 
considerable controversy regarding the adverse health effects 
of sleeping less than 7 or 8 h/night. Part of the challenge in 
delineating the public health burden imposed by short sleep 
duration is the conflicting evidence derived from several large 
cohort studies across different countries.7,8,22,23 For example, 
in the seminal study of over 1 million people, Kripke and co-
workers8 reported an independent association between short 
and long sleep duration and mortality after accounting for de-
mographic variables, prescription sleep medication use, preva-
lent medical comorbidities, and health habits. Similarly, work 
by Gangwisch et al.4 also showed that both short and long sleep 
duration are associated with mortality. However, the finding of 
a higher mortality in the study by Gangwisch et al. was only 
observed in older (60–86 y) but not middle-aged adults (32–59 
y). Differences in inferences about sleep duration across avail-
able studies may be, in part, due to demographic variability 
of the cohorts examined as well as possibility of differential 
effects of short sleep duration. Indeed, differential suscepti-
bility to the effects of short or long sleep duration have been 
noted in a number of population subsets. For example, ex-
tremes of sleep duration are associated with mortality in those 
with preexisting illnesses and functional limitations whereas 
no such association is observed in those without these condi-
tions.24 Part of the susceptibility to the effects of varying sleep 
duration may be related to sex given that some studies have 
reported an association between short sleep duration and mor-
tality in men but not women.25,26 Variability in defining habitu-
ally short sleep across different studies could also help explain 
the inconsistencies in the available literature. Studies that 
have used extreme thresholds to define “short” sleep duration 
(e.g., < 5 h/night) have found associations with mortality but 
even in these studies the magnitude of association is, at best, 
modest.7,10 Countering the weight of studies that have shown 
an independent association with short sleep duration and all-
cause mortality, there are at least an equal number of studies 
that have not found such an association,2,3 especially after ac-
counting for inflammatory markers and other health factors.27 
The current analysis of the SHHS data are in line with the latter 
group of studies that do not support an association between 
short sleep duration and mortality. It is also certainly possible 
that survival bias could explain the lack of association between 
short sleep duration and mortality because the SHHS recruited 
participants that were being followed in other epidemiological 
studies of respiratory and cardiovascular disease.

The fact that an association was found between long 
sleep duration and mortality indicates that perhaps there is a 

“J-shaped” rather than “U-shaped” association between sleep 
duration and mortality, a finding that has been previously re-
ported by others.22,23 In fact, a comprehensive assessment of 
the literature on sleep duration substantiates a strong and con-
sistent association between habitually long sleep duration and 

mortality.2,3 This observed association is thought to possibly 
reflect confounding by subclinical or unmeasured disease,28 
and in particular, SDB.23 The effect of objectively defined SDB 
in the context of sleep duration and mortality has not been pre-
viously described. It has been hypothesized that because SDB 
may be associated with sleep fragmentation and unrefreshing 
sleep, individuals with SDB may extend their total sleep time 
to compensate for worse sleep quality.29 The results herein sug-
gest that SDB does not confound the association between long 
sleep duration and mortality and addresses an important defi-
ciency in the existing literature.

Very few studies have examined the potential influence of 
longitudinal changes in sleep duration and health outcomes 
including all-cause mortality.30–32 A persistent pattern of short 
sleep duration32 or transitioning into a short or long sleeper30,31 
has been associated with increased mortality. In the current 
study, a strong association was observed between all-cause 
mortality and transitioning to short sleep duration subsequent 
to initially reporting long sleep duration. However, the small 
sample size makes it challenging to make inferences about 
this particular subgroup. It is worth noting that in people pro-
gressing to short from normal sleep duration, a statistically 
significant association with mortality was not seen despite an 
adequate sample size. Additionally, the current study suggests 
that extension of sleep duration to ≥ 9 h also predicts mortality 
even after adjustment for multiple covariates and potential 
confounders, including SDB.

There are a number of strengths and limitations of the cur-
rent study that merit consideration. Strengths include the fairly 
large and diverse community-based sample that increases the 
generalizability of the results, the availability of objectively 
defined SDB, the inclusion of a number of important demo-
graphic and health-related covariates, a relatively long follow-
up period, and the longitudinal assessment of sleep duration as 
a correlate of all-cause mortality. Limitations include potential 
misclassification resulting from lack of objectively measured 
sleep, the possibility of residual confounding from unmea-
sured health conditions, and the inclusion of only middle-aged 
and older adults. In addition, given the fact that analyses of 
sleep duration and mortality were based on workday sleep du-
ration, misclassification of habitual sleep duration is certainly 
possible as sleep extension on the weekends and nap duration 
were not considered. Furthermore, data on retirement, which 
is commonly associated with a transition to longer sleep, were 
not available. Such information would help delineate whether 
long sleep duration is related to incipient disease or a psycho-
social event. Finally, cause-specific mortality (e.g., cancer 
death, stroke death) was not available for the cohort and thus 
inferences regarding how sleep duration could increase mor-
tality are not possible. These limitations notwithstanding, the 
results presented help to fill an important gap in the existing 
literature regarding the association between sleep duration and 
all-cause mortality.

Sleep is a fundamental, physiological function and a critical 
component of good health. Although a considerable number of 
prospective, observational studies have tried to determine the 
amount of sleep necessary to optimize health, several inherent 
challenges remain that need to be addressed. For example, 
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accurate quantification of actual sleep remains a challenge and 
pathways that could mediate the association between sleep du-
ration and mortality, especially long sleep duration, need to 
be delineated. The amalgamation of evidence has adjusted for 
numerous covariates, yet a robust association between long 
sleep duration and mortality persists. However, it remains un-
clear if long sleep duration is truly a risk factor for adverse 
outcomes or an indicator of subclinical disease causing higher 
mortality. Clearly, the amount of sleep necessary to optimize 
health needs to be better understood and elucidated.
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