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Short-term sleep restriction results in impaired glucose tolerance. To test whether habitually
short sleep duration increases the risk of developing diabetes, we studied a cohort of 70,026
women enrolled in the Nurses Health Study, without diabetes at baseline, and who responded to
a question about daily sleep duration in 1986. Subjects were followed until 1996 for the diag-
nosis of diabetes (1,969 cases). Long and short sleep durations were associated with an increased
risk of diabetes diagnosis. The relative risks (RRs) for short (slept =5 h per day) and long (slept
=09 h per day) sleepers were 1.57 (95% CI 1.28—1.92) and 1.47 (1.19-1.80), respectively. After
adjustment for BMI and a variety of confounders, the RR was not significantly increased for short
sleepers (1.18 [0.96-1.44]) but remained modestly increased for long sleepers (1.29 [1.05-
1.59]). We then performed a similar analysis using only symptomatic cases (n = 1,187). Ad-
justed RRs for symptomatic diabetes were modestly elevated in both short (1.34 [1.04-1.72])
and long (1.35 [1.04-1.75]) sleepers. Our data suggest that the association between a reduced
self-reported sleep duration and diabetes diagnosis could be due to confounding by BMI, or sleep
restriction may mediate its effects on diabetes through weight gain. Sleep restriction may be an
independent risk factor for developing symptomatic diabetes.

Diabetes Care 26:380-384, 2003

hronic sleep loss is very common in

today’s society. Even though sleep

professionals and the National Sleep
Foundation recommend 8 h of sleep per
night, American adults only sleep an av-
erage of 6.85 h per night (1). Further-
more, only 37% report obtaining =8
hours of sleep per night, and 31% of
adults report sleeping <6 h per night. The
amount of sleep individuals obtain also is
steadily decreasing over time. Thirty years
ago, adults slept ~7.68 h per night; 80
years ago, they slept even longer (8.77 h
reported by college-aged adults) (2,3).
The cause of this sleep loss is multifacto-
rial. About 45% of adults report that they

sleep less to get more work done, 43%
stay up watching television or using the
internet, and 22% have insomnia (i.e.,
report having difficulty falling asleep). Be-
cause of these figures, many have sug-
gested that we live in a sleep-deprived
society. (4)

The health effects of sleep restriction
are unclear. However, a recent study
demonstrated that sleep deprivation can
adversely affect endocrine function. Spie-
gel et al. (5) limited 11 young men to 4 h
of sleep per night for 6 nights followed by
6 days of recovery sleep (10 h per night).
Despite the short duration of partial sleep
deprivation, the subjects demonstrated
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impaired glucose tolerance during sleep
deprivation compared with their recovery
period.

In this study, we assessed the rela-
tionship between self-reported sleep du-
ration and the diagnosis of diabetes
during 10 years of follow-up among
women enrolled in the Nurses Health
Study. We hypothesized that sustained
short sleep duration could lead to the de-
velopment of overt clinical diabetes.

RESEARCH DESIGN AND
METHODS

Study population

The Nurses Health Study cohort was es-
tablished in 1976 when 121,700 female
married registered nurses, aged 30-55
years and residing in 11 large U.S. states,
completed a mailed questionnaire on
their medical history and lifestyle. The
original sampling strategy for this cohort
has been described (6). Every 2 years, fol-
low-up questionnaires have been sent to
update information on potential risk fac-
tors and to identify newly diagnosed cases
of diabetes and other diseases. In 1986,
subjects were asked the following ques-
tion: “Indicate total hours of actual sleep
in a 24-h period.” (The question did not
specify the time frame.) The nurses were
asked to choose one of the following op-
tions: 5horless, 6h, 7h,8h,9h, 10 h,
or 11+ hours. Between 1986 and 1996,
the incidence rate of diabetes diagnosis
was assessed in the 70,026 women who
answered this question and did not have a
diagnosis of diabetes or cancer in 1986
(the baseline year for these analyses).

Diagnosis of diabetes

A supplementary questionnaire regarding
symptoms, diagnostic tests, and hypogly-
cemic therapy was mailed to women who
indicated on any biennial questionnaire
that they had been diagnosed with diabe-
tes. A case of diabetes was considered
confirmed if at least one of the following
was reported on the supplementary ques-
tionnaire: 1) one or more classic symp-
toms (excessive thirst, coma, polyuria,
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Table 1—Baseline characteristics and risk factors for diabetes according to self-reported sleep

duration in 1986

Hours of sleep per day

=5 6 7 8 9+
Mean
Age (years) 52.8 52.2 51.9 52.3 52.6
BMI (kg/m?) 252 249 244 24.5 24.8
Alcohol cconsumption (g/day) 5.0 5.8 6.3 6.9 8.1
Physical activity (METs/week) 14.3 142 14.6 14.1 12.2
% of women
History of hypercholesterolemia 13.0 10.9 10.4 11.4 11.5
History of hypertension 275 23.8 21.1 225 259
Current smoking 23.5 23.7 20.6 19.6 22.6
Family history of diabetes 17.3 16.8 15.9 16.0 16.0
Regular snoring 10.0 9.6 8.2 9.3 11.5
Night shift work >5 years* 27.6 19.5 14.9 14.1 15.7
Current postmenopausal hormone use 16.6 21.2 23.4 22.7 22.4

*Reported in 1988. METs = metabolic equivalent.

weight loss, hunger, pruritis) plus a fast-
ing plasma glucose of =140 mg/dl (7.8
mmol/l) or a random plasma glucose of
=200 mg/dl (11.1 mmol/l); 2) at least two
elevated plasma glucose concentrations
on different occasions (fasting =140
mg/dl [7.8 mmol/l] or a random plasma
glucose of at least 200 mg/dl [11.1
mmol/l] and/or concentration =200
mg/dl after =2 h on oral glucose tolerance
testing) in the absence of symptoms; or 3)
treatment with hypoglycemic medication
(insulin or oral hypoglycemic agent). Our
criteria for diabetes classification are con-
sistent with those proposed by the Na-
tional Diabetes Data Group (7). The
validity of this questionnaire has been
verified in a subsample of this study pop-
ulation. Among a random sample of 84
women classified by the questionnaire as
having type 2 diabetes, 71 gave permis-
sion for their medical records to be re-
viewed, and records were available for 62.
An endocrinologist (J.E.M.), blinded to
the information reported on the supple-
mentary questionnaire, reviewed the
records according to National Diabetes
Data Group criteria. The diagnosis of type
2 diabetes was confirmed in 61 of 62
(98%) of the women (8).

We first performed the analysis using
total cases of incident diabetes diagnosis.
To address the possibility that self-
reported sleep duration may be associated
with developing more severe forms of di-
abetes, we then performed an analysis re-
stricted to cases reporting at least one of
the following symptoms of diabetes at di-

agnosis: pruritis, coma, urinary fre-
quency, hunger, weight loss, and thirst.

Statistical analysis

Person-time for each exposure category
(sleep duration of =5 h per night, 6 h per
night, 7 h per night, 8 h per night, or =9
h per night) was accumulated, and inci-
dence rates were calculated by dividing
the number of events by person-time of
follow-up in each category. Because of the
small number of subjects, we combined
the subjects from the 9, 10, and =11
hours of sleep into one group. The relative
risk (RR) was computed as the rate in a
specific category of exposure divided by
that in the reference category with adjust-
ment for age. We chose a reference cate-
gory of 8 h per night for two reasons.
First, 8 h is conventionally considered to
be the appropriate duration of sleep. Sec-
ond, in a previous study using this cohort,
individuals reporting 8 h of sleep per
night had the least risk of developing cor-
onary artery disease (9).

In multivariate analyses using pooled
logistic regression (10), we simulta-
neously included age (5-year interval),
smoking status (never, past, current
smoking of 1-14, 15-24, and =25 ciga-
rettes per day), hypertension, alcohol
consumption (0, 1-4, 5-14, =15 g/day),
physical activity (weekly energy expen-
diture in metabolic equivalent hours),
menopausal status (premenopausal,
postmenopausal without hormone re-
placement, postmenopausal with past
hormone replacement, postmenopausal
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with current hormone replacement), de-
pressed mood from 1992 (depression was
defined as an Short Form-36 mental
health index of =52), family history of
diabetes, and a history of hypercholester-
olemia. We felt it necessary to control for
all these factors given that any of them
(e.g., depression) can be associated with
sleep duration and/or diabetes. Thus, all
could be potential confounders in our
study. Because shift-working may be as-
sociated with poorer health and short
sleep duration (11), we controlled for
shift-working using the duration of rotat-
ing night shift work reported in 1988
(four categories: 0, 1-5, 6-14, =15
years). We also controlled for snoring (re-
ported in 1986), as this symptom has
been shown to be associated with incident
diabetes diagnosis in this cohort (12).

In the primary analysis, we did not
control for BMI because sleep restriction
decreases leptin levels, and may thus be
associated with increased weight gain
(13). That is, weight gain may be an inter-
mediate mechanism whereby short sleep
leads to the development of diabetes. In
secondary analyses, we adjusted for BMI
(eight categories).

RESULTS — Baseline characteristics of
the women in the various sleep duration
categories are shown in Table 1. At base-
line, 4.3% of women reported sleeping
=5haday, 25.5% 6 h,42% 7 h, 23.6%
8 h, and 4.5% =9 h. At baseline, both
long and short self-reported sleep dura-
tions were associated with an increased
prevalence of hypertension and hyper-
cholesterolemia. Women in these sleep
categories also tended to be heavier. Reg-
ular snoring was slightly more common in
those who slept for a longer duration
(11.5%). Also, long sleepers consumed
more alcohol and exercised less. Nurses
who slept less tended to report more shift-
working.

The primary analysis was the ascer-
tainment of incident diagnoses of diabetes
during the 10-year study period. During
this time period, we documented 1,969
incident diagnoses of diabetes. After ad-
justment for age, both long and short
sleep duration were associated with a sig-
nificantly increased risk of incident diabe-
tes diagnosis (Table 2). For short sleepers
(those who slept =5 h per night), the RR
was 1.57 (95% CI 1.28-1.92), whereas in
long sleepers (those who slept =9 h per
night), the respective RR was 1.47 (1.19—
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Sleep duration and diabetes

Table 2—Relative risks (95% Cls) of incident diabetes according to self-reported sleep duration at baseline

Hours of sleep per day

=5 6 7 8 9+

Total diabetes
n 122 576 731 422 118
Person years 28,608 169,859 281,601 157,904 29,941
Age-adjusted relative risk 1.57 (1.28-1.92) 1.27 (1.12-1.44) 0.98 (0.87-1.11) 1 1.47 (1.19-1.80)
Multivariate model without BMI* 1.29 (1.05-1.58) 1.16 (1.02-1.32) 1.02 (0.91-1.16) 1 1.32 (1.07-1.62)
Multivariate model including BMI 1.18 (0.96-1.44) 1.10 (0.97-1.25) 1.02 (0.91-1.16) 1 1.29 (1.05-1.59)

(8 categories)*

Symptomatic diabetes
Age-adjusted relative risk 1.85 (1.44-2.37) 1.33 (1.13-1.56) 0.97 (0.83-1.13) 1 1.54 (1.18-2.01)
Multivariate model without BMI* 1.52 (1.19-1.96) 1.21 (1.03-1.43) 1.01 (0.86-1.18) 1 1.39 (1.07-1.81)
Multivariate model including BMI 1.37 (1.07-1.77) 1.13 (0.96-1.34) 1.00 (0.86-1.18) 1 1.36 (1.04-1.73)

(8 categories)*

*Adjusted for shiftworking (from 1988), hypercholesterolemia, hypertension, smoking, snoring, exercise, alcohol, depression (from 1992), postmenopausal

hormone use, and family history of diabetes.

1.80). After adjusting for relevant covari-
ables other than BMI (see Table 2 for list
of covariables), the positive associations
for diabetes were attenuated but re-
mained statistically significant. Without
adjustment for BMI, multivariate RRs for
total diabetes were 1.29 (1.05-1.58) for
short sleepers and 1.32 (1.07-1.62) for
long sleepers. After additional adjustment
for BMI, the multivariate RR of diabetes
was reduced and no longer significant
(1.18 [0.96-1.441]) for short sleepers, but
still remained modestly but significantly
increased for long sleepers (1.29 [1.05-
1.59)).

To assess whether sleep duration was
associated with more severe manifesta-
tions of diabetes, we performed a similar
analysis using only symptomatic cases
of diabetes (n = 1,187) (Table 2). Age-
adjusted risks for developing symptom-
atic diabetes were 1.84 (1.43-2.35) in
short sleepers and 1.54 (1.19-2.00) in
long sleepers. After adjustment for BMI,
the relative risks for developing diabe-
tes were modestly elevated in both short
(1.34 [1.04-1.72]) and long (1.35
[1.04-1.75]) sleepers.

Stratified analysis was then per-
formed for all diagnoses of diabetes, and
also for symptomatic cases. Stratification
was done by BMI (three categories: =25,
25-30, =30 kg/mz), shift-working (three
categories: 0-5, 614, >15 years), and
snoring (three categories: regularly, occa-
sionally, and never). Results were not
substantially different in each of the
strata.

To address the possibility that sub-

clinical diabetes may have led to sleep
complaints (i.e., reverse causation), we
conducted additional analyses by exclud-
ing cases of type 2 diabetes that were di-
agnosed during the first 2 years of
follow-up (1,621 cases). The multivariate
RRs (excluding BMI) across the various
sleep durations (=5, 6, 7, or =9 h) were
1.50, 1.25, 0.97, and 1.40, respectively;
these values were very similar to the val-
ues obtained without the lag analysis.
That is, exclusion of these cases did not
change the RRs substantially, suggesting
that reverse causation was not a likely ex-
planation for our findings. When we per-
formed a lag analysis considering only
symptomatic cases of diabetes (n =
965), the adjusted RRs (including con-
trol for BMI) followed a trend similar to
that of our primary analysis (1.28, 1.13,
0.97, and 1.30 for =5, 6, 7, and =9 h,
respectively).

DISCUSSION — We observed a
modest but significant positive associa-
tion between self-reported sleep duration
and incident diagnosis of diabetes. Both
short and long self-reported sleep dura-
tions were associated with an increased
risk of developing diabetes. For short
sleepers, after controlling for BMI, the rel-
ative risk was attenuated and no longer
significant, reflecting a confounding ef-
fect of BMI. In long sleepers, a modest but
significant positive association between
sleep duration and diabetes persisted
even after controlling for BMI. When the
relationship between self-reported sleep
duration and symptomatic diabetes was

examined, short sleep duration remained
a significant predictor even after control-
ling for BML.

Short-term physiologic studies have
shown that restriction of sleep results in
abnormalities of endocrine function that
could predispose to the development of
overt diabetes. In a recently published
study, Spiegel et al. (5) restricted sleep in
11 healthy young men to 4 h per night for
6 nights and then allowed them to have a
sleep recovery period of 6 nights. Despite
the short duration of partial sleep depri-
vation, the subjects in that study demon-
strated impaired glucose tolerance,
higher evening cortisol levels, increased
sympathetic nervous system activity, and
a reduction in leptin secretion in the
sleep-deprived versus the recovery state
(13). Furthermore, in a preliminary
study, this same group of investigators
compared glucose tolerance and insulin
resistance in healthy subjects who regu-
larly slept <<6.5 h per night to those who
slept 7.5-8.5 h (14). Although the glyce-
mic response to glucose tolerance testing
was similar in both groups, the short
sleepers had a 50% higher insulin level.
These results suggest that habitually short
sleep results in a reduction in insulin sen-
sitivity, and therefore, could be a risk fac-
tor for the later development of diabetes.

Our study is consistent with these
physiologic data. In our study, short self-
reported sleep duration was significantly
associated with the diagnosis of diabetes
until we controlled for BMI. Once BMI
was added into the model, the association
between diabetes diagnosis and short

382

DiaBETES CARE, VOLUME 26, NUMBER 2, FEBRUARY 2003



sleep was no longer significant. This find-
ing could be explained in a couple of
ways. First, short sleep may not be a risk
factor for diabetes per se but is instead
caused by weight gain. For instance, a
high BMI may worsen sleep quality by
creating a prediabetic state with increas-
ing urination. Second, sleep restriction
may directly lead to the development of
diabetes through its effects on weight.
Relevant to this hypothesis, leptin (a hor-
mone that suppresses appetite) is reduced
in men subjected to short-term sleep de-
privation. If chronic self-imposed sleep
restriction also leads to reductions in lep-
tin, appetite and weight gain may be in-
creased. This could thus represent a
physiologic mechanism whereby sleep re-
striction may predispose to weight gain
and subsequently contribute to the devel-
opment of diabetes.

When analysis was limited to symp-
tomatic cases of diabetes (considered a
more severe diabetes in the analysis), the
results were somewhat different. When
only symptomatic cases were considered,
short sleep duration was associated with
an increased risk even after controlling for
BMI. One possible explanation of the dis-
crepancy between symptomatic and total
cases is that sleep restriction may be asso-
ciated with more severe forms of diabetes.
Another possible explanation is surveil-
lance bias. Participants with restricted
sleep may visit physicians less frequent-
ly, resulting in an increased risk of pre-
senting as symptomatic as opposed to
asymptomatic. We doubt this is a likely
explanation because short sleepers actu-
ally had more comorbid diseases at base-
line, making it more likely they would
visit a physician. In addition, all subjects
were trained nurses and knowledgeable
about health care. For these two reasons,
we believe surveillance bias is an unlikely
explanation for our findings.

In our study, a long self-reported
sleep duration was also associated with an
increased risk of developing a diagnosis
of diabetes. We speculated on possible
explanations for this association. One
possibility is that an unrecognized con-
founder could lead to both diabetes and
an increased need for sleep. An example
of such a confounder might be obstruc-
tive sleep apnea. Sleep apnea is indepen-
dently associated with decreased glucose
tolerance and is known to fragment sleep
(15,16). Second, excessive sleep per se
could directly lead to an increased risk of

diabetes. Currently, however, we know of
no plausible physiologic explanation for
such a cause-and-effect relationship.
Third, long sleep duration may be an early
symptom of diabetes, possibly predating
its official diagnosis. However, an analysis
that excluded cases of diabetes diagnosed
within the first two years of reported sleep
duration did not yield appreciably differ-
ent results. Therefore, we also doubt this
to be an explanation of our findings.
Although the mechanisms underlying
the association between long sleep dura-
tion and diabetes are not readily explain-
able, our study is consistent with a
recently published article by Kripke et al.
(17). In that study, long self-reported
sleep duration was also associated with
adverse health outcomes; in particular,
long sleep (=8 h per night) was associ-
ated with increased all-cause mortality.

Strengths and limitations

Strengths of the current study include the
large sample size and the high rate of fol-
low-up. Also, diabetes was assessed pro-
spectively, eliminating possible bias due
to retrospective recall that may be pres-
ent in case-control and cross-sectional
analyses.

However, some limitations of this
study deserve attention. First, because
our “nondiabetic” cohort was not neces-
sarily screened for glucose intolerance,
some cases of diabetes may have been un-
diagnosed. The diagnostic criteria for type
2 diabetes were changed in 1997 such
that lower fasting glucose levels (>126
mg/dl) would now be considered diag-
nostic (18). We used the criteria proposed
by the National Diabetes Data Group be-
cause all our cases were diagnosed before
June 1996 (7). If the new criteria were
used, some women in this study classified
as nondiabetic would have been reclassi-
fied as having diabetes. However, this
would not explain our results because, if
anything, inclusion of diabetic individu-
als in the nondiabetic groups would
have caused bias toward the null. Second,
our subjects were only women, the vast
majority Caucasian, and had a similar
socioeconomic status. Although the ho-
mogeneity in the sample would reduce
confounding by these factors, it may re-
duce the generalizability of our findings
to other populations. Currently, however,
we have no reason to suspect that men or
non-Caucasians would differ in terms of
the effects of sleep duration on diabetes.
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Third, information about sleep duration
and other potential risk factors was self-
reported by the nurses; the reliability of
self-reported sleep duration was not vali-
dated in this study, and its stability over
time is not known. Furthermore, some
insomniacs may report a decrease in
subjective sleep duration despite an es-
sentially normal duration of objectively
described sleep (sleep state mispercep-
tion). Nonetheless, questions about self-
reported sleep duration have been
investigated in other studies and demon-
strated to be valid measures compared to
quantitative sleep assessments with actig-
raphy (19). Despite this, some misclassi-
fication of the sleep duration variable
seems likely. However, because outcomes
were assessed prospectively, any misclas-
sification of sleep duration would likely
be nondifferential with respect to diabe-
tes. Therefore, this would tend to under-
estimate rather than overestimate the
effects of sleep duration. Third, our study
was observational in design, and thus, we
cannot conclude definitively that short
sleep duration caused diabetes. That is,
we cannot rule out the presence of unrec-
ognized confounders that were not ac-
counted for in the final analysis. Fourth,
because of the reduction in RRs by add-
ing known confounders, it is possible
that some residual confounding remains.
However, it is doubtful that this resid-
ual unexplained confounding would be
enough to completely eliminate the effect
seen. Fifth, we cannot completely rule out
the possibility of reverse causation. That
is, short sleep duration may be a symptom
of early disease, predating official diagno-
sis. However, analysis excluding cases di-
agnosed within 2 years of self-reported
sleep duration did not yield appreciably
different results, making this explanation
unlikely. Finally, the etiology of restricted
sleep was not ascertained in our study.
Subjects may have had a short sleep du-
ration from insomnia (i.e., an inability to
fall or stay asleep), work/family responsi-
bilities, or staying up late to watch televi-
sion or use the internet. It is possible that
the etiology of sleep restriction may dif-
ferentially affect the risk of developing di-
abetes. This cannot be determined from
our study.

CONCLUSIONS — Our data suggest
that short self-reported sleep duration is
associated with an increased risk of being
diagnosed with diabetes. This association
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persists even after adjustment for age,
smoking, hypertension, and other risk
factors. However, after controlling for
BMI, the association was much reduced
and no longer significant. This suggests
that the association between a reduced
self-reported sleep duration and incident
diagnosis of diabetes could be due to con-
founding by BMI. Alternatively, given the
effects of sleep deprivation on leptin me-
tabolism, sleep restriction may mediate its
effects on incident diabetes through
weight gain. When analysis was confined
to symptomatic cases, the results were
somewhat stronger. Sleep restriction was
a significant predictor of symptomatic di-
abetes even after controlling for BMI. This
suggests that sleep restriction may predis-
pose to the development of more severe
manifestations of diabetes. Further stud-
ies are needed to better elucidate the bio-
logical mechanism underlying this
association, and to determine whether the
etiology of habitually short sleep (insom-
nia versus lifestyle choices) affects its
long-term health consequences. The ex-
planation of our finding of increased risk
of diabetes in patients sleeping =9 h is
presently unclear. Conceivably, future
studies that better define these partici-
pants from a physiologic and epidemio-
logic standpoint could find a logical
explanation for the increased risk of inci-
dent diabetes in long sleepers.
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