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Background: Experimental sleep restriction causes im-
paired glucose tolerance (IGT); however, little is known
about the metabolic effects of habitual sleep restriction.
We assessed the cross-sectional relation of usual sleep
time to diabetes mellitus (DM) and IGT among partici-
pants in the Sleep Heart Health Study, a community-
based prospective study of the cardiovascular conse-
quences of sleep-disordered breathing.

Methods: Participants were 722 men and 764 women,
aged 53 to 93 years. Usual sleep time was obtained by
standardized questionnaire. Diabetes mellitus was de-
fined as a serum glucose level of 126 mg/dL or more (�7.0
mmol/L) fasting or 200 mg/dL or more (�11.1 mmol/L)
2 hours following standard oral glucose challenge or medi-
cation use for DM. Impaired glucose tolerance was de-
fined as a 2-hour postchallenge glucose level of 140 mg/dL
or more (�7.8 mmol/L) and less than 200 mg/dL. The
relation of sleep time to DM and IGT was examined us-
ing categorical logistic regression with adjustment for age,
sex, race, body habitus, and apnea-hypopnea index.

Results: The median sleep time was 7 hours per night,
with 27.1% of subjects sleeping 6 hours or less per
night. Compared with those sleeping 7 to 8 hours per
night, subjects sleeping 5 hours or less and 6 hours per
night had adjusted odds ratios for DM of 2.51 (95%
confidence interval, 1.57-4.02) and 1.66 (95% confi-
dence interval, 1.15-2.39), respectively. Adjusted odds
ratios for IGT were 1.33 (95% confidence interval, 0.83-
2.15) and 1.58 (95% confidence interval, 1.15-2.18),
respectively. Subjects sleeping 9 hours or more per
night also had increased odds ratios for DM and IGT.
These associations persisted when subjects with insom-
nia symptoms were excluded.

Conclusions: A sleep duration of 6 hours or less or 9
hours or more is associated with increased prevalence of
DM and IGT. Because this effect was present in subjects
without insomnia, voluntary sleep restriction may con-
tribute to the large public health burden of DM.
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T HE USUAL AMOUNT OF SLEEP

per night has been declin-
ing among US adults for
more than a generation.
The median sleep time in

adults aged 40 to 79 years was 8 hours per
night in 1959, with less than 15% report-
ing a usual sleep time of less than 7 hours.1

By 2002, the adult median sleep time had
decreased to 7 hours per night, with more
than one third of adults sleeping fewer than
7 hours.2 Although insomnia is highly
prevalent, much of the reduction in sleep
time reflects voluntary sleep restriction,
with 43% of adults reporting that they of-
ten stay up later than they should watch-
ing television or using the Internet and
45% reporting that they sleep less to get
more work done.3 Several studies have
found increased mortality associated with
usual sleep times of less than 7 or more
than 8 hours per night.4-7 Experimental re-
striction of sleep to 4 hours per night for

6 nights resulted in impaired glucose tol-
erance (IGT) in healthy young adults.8 Be-
cause diabetes mellitus (DM) carries a high
risk of cardiovascular-related mortality, the
impact of sleep restriction on glucose regu-
lation suggests a mechanism whereby short
sleep time might increase mortality. In the
present study, we examined the relation
of self-reported usual sleep time to preva-
lent DM and IGT in a large community-
based sample of middle-aged and older
adults.

METHODS

STUDY SAMPLE

Subjects were participants in the Sleep Heart
Health Study (SHHS), a community-based, pro-
spective, cohort study of the cardiovascular con-
sequences of obstructive sleep apnea/
hypopnea,9 who were recruited independent
of the presence or absence of obstructive sleep
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apnea/hypopnea. The 6441 SHHS participants completed a Sleep
Habits Questionnaire and underwent overnight polysomnog-
raphy between 1995 and 1998. The Atherosclerosis Risk in Com-
munities Study and the Cardiovascular Health Study, 2 parent
cohorts from which subjects were recruited into the SHHS, had
performed oral glucose tolerance tests on their participants in
proximity to the baseline SHHS examination. Subjects in the
present analysis are SHHS participants from the Atherosclero-
sis Risk in Communities Study and the Cardiovascular Health
Study cohorts whose glycemic status was assessed within 12
months following the baseline SHHS examination. Subjects were
excluded if they had missing data for age, sex, race, body mass
index (BMI) (calculated as weight in kilograms divided by the
square of height in meters), waist girth, apnea-hypopnea in-
dex (AHI), or sleep time. The protocol was approved by the
institutional review board of each participating center, and signed
informed consent was provided by each subject.

SLEEP HABITS QUESTIONNAIRE

Usual sleep time was defined as the response to the question,
“How many hours of sleep do you usually get at night (or your
main sleep period) on weekdays or workdays?” Responses were
integer values. We assessed the stability of self-reported sleep time
in 2117 subjects completing a second Sleep Habits Question-
naire after a mean (SD) interval of 2.4 (0.5) years. The median
reported sleep time was unchanged at 7 hours, and the median
absolute difference in sleep time was 1 hour (interquartile range,
0-1 hour). Sleep times reported at baseline and follow-up were
significantly, although modestly, correlated (rs=0.57, P� .001),
with the absolute difference in reported sleep time increasing
slightly, but significantly (P�.001), with the length of time be-
tween successive administrations of the questionnaire.

Symptoms of insomnia were obtained from responses on a
5-point Likert scale to the items “Have trouble falling asleep,”
“Wake up during the night and have difficulty getting back to
sleep,” “Wake up too early in the morning and be unable to
get back to sleep,” and “Take sleeping pills or other medica-
tion to help you sleep.” Response options were as follows: never,
rarely (�1 time per month), sometimes (2-4 times per month),
often (5-15 times per month), and almost always (16-30 times
per month). For analysis, these variables were collapsed into 2
categories: infrequent, comprising the responses never, rarely,
and sometimes; and frequent, comprising the responses often
and almost always. Insomnia was operationally defined as a “fre-
quent” response to any of these 4 questions. Frequencies of noc-
turia, nocturnal leg jerks or cramps, and nocturnal joint pain
were similarly obtained.

DM AND GLUCOSE INTOLERANCE

Use of insulin or oral hypoglycemic agents to treat DM was as-
certained by each parent study. Morning blood samples were
obtained by venipuncture after an overnight fast of at least 8
hours, and extracted plasma was stored at −70°C for later glu-
cose determination by the hexokinase method. Following ve-
nipuncture, subjects were given a 75-g oral glucose load, and
venipuncture was repeated after 2 hours to obtain a postload
glucose value. Diabetes mellitus and IGT were defined in ac-
cordance with American Diabetes Association and World Health
Organization guidelines.10,11 Diabetes mellitus was defined as
use of insulin or a hypoglycemic agent, a fasting plasma glu-
cose level of 126 mg/dL or more (�7.0 mmol/L), or a 2-hour
postload plasma glucose level of 200 mg/dL or more (�11.1
mmol/L). Impaired glucose tolerance was defined as a 2-hour
postload plasma glucose level of 140 mg/dL or more (�7.8
mmol/L) in subjects not meeting the criteria for DM.

OTHER MEASURES

Body mass index and waist girth measured at the level of the
umbilicus were ascertained by each parent cohort at the clinic
examination at which DM and IGT were assessed. Usual daily
alcohol consumption was also ascertained by each parent co-
hort. Unattended in-home polysomnography was performed
by the SHHS, and records were centrally scored.12 The AHI was
defined as the number of apneas plus hypopneas, each associ-
ated with at least a 4% decrease in oxyhemoglobin saturation,
per hour of sleep. A standardized health interview adminis-
tered before polysomnography was used to obtain data on smok-
ing habits, daily caffeine consumption, physician-diagnosed an-
gina, myocardial infarction, stroke, heart failure, and history
of coronary revascularization procedures. Symptoms of de-
pression were obtained from 2 questions on the Medical Out-
comes Study 36-Item Short-Form Health Survey13: “During the
past 4 weeks, how much of the time . . . ” (1) “Have you felt so
down in the dumps that nothing could cheer you up?” and (2)
“Have you felt downhearted and blue?” Responses from the
6-point Likert scale were collapsed into 2 categories: “none,”
“a little,” or “some” of the time vs “all,” “most,” or “a good bit”
of the time. Medication use and blood pressure were ascer-
tained using previously described procedures.14,15

STATISTICAL ANALYSIS

Unadjusted differences in continuous and categorical variables
across sleep time categories were assessed for significance using
single-factor analysis of variance or contingency table analysis,
as appropriate. General categorical logistic regression analysis
was implemented using a procedure (PROC CATMOD) in SAS
statistical software, version 8.1 (SAS Institute Inc, Cary, NC), to
assess the relation of usual sleep time to DM and IGT, adjusting
for relevant covariates. Covariates included in the models were
age, age2, waist girth, and AHI as continuous measures, along
with sex, race (non-Hispanic white vs all other), and parent co-
hort as categorical variables. Because of the positively skewed
distribution of the AHI, it was log transformed as ln(AHI�1).
Additional terms, including BMI and quadratic terms for waist,
BMI, and ln(AHI�1), were also considered in the models, but
were not included because they did not significantly improve the
model fit and had no meaningful influence on the outcome of
interest. Secondary analyses stratified by sex, age, and AHI were
performed to assess the consistency of results across the study
sample. For these analyses, an outcome combining DM and IGT
was used to obtain stable effect estimates within strata. To as-
sess the contribution of insomnia to the observed effects, sec-
ondary analyses adjusting for insomnia symptoms or stratified
by the presence or absence of insomnia symptoms were also per-
formed (n=1477 subjects with complete data).

RESULTS

Of 3168 SHHS participants from the Atherosclerosis Risk
in Communities Study and the Cardiovascular Health Study
parent cohorts, 1682 were excluded for missing data (47
had a missing sleep time, 1622 had missing glucose toler-
ance data, and 13 had missing body habitus data). Among
the 1486 included subjects (722 men and 764 women), the
mean age was 70.2 years (SD, 8.5 years; range, 53-93 years),
the mean BMI was 28.1 (SD, 4.7), and the mean AHI was
9.7 (SD, 12.5; median, 5.4). Compared with the included
subjects, excluded subjects had a slightly lower mean (SD)
age (67.9 [9.3] years) and AHI (8.8 [12.5]), and were more
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likely to be women (55.9%); their mean (SD) BMI (28.3
[5.1]) and the distribution of usual sleep time were simi-
lar. Diabetes mellitus was present in 20.9% of included sub-
jects, 41.6% of whom were taking antidiabetic medica-
tion; IGT was present in an additional 28.2% of subjects.
Most subjects reported sleeping 7 to 8 hours per night, al-
though a usual sleep time of 6 hours or less was reported
by 27.1%, including 8.4% sleeping 5 hours or less per night.
Of the subjects, 8.6% reported sleeping 9 hours or more
per night. The mean interval between assessment of sleep
time and determination of glycemic status was 5.5 months
(range, 0-12 months). Subjects at the extremes of sleep time
were somewhat older and more likely to be women or mi-
norities, although this difference was significant only for
age (Table 1). Obesity measures and AHI were similar
across sleep time categories. Overall, 32.3% of subjects re-

ported frequently experiencing at least 1 symptom of in-
somnia. Subjects reporting shorter sleep times had a sig-
nificantly higher prevalence of insomnia symptoms
(Table 1).

Compared with sleep times of 7 to 8 hours per night,
self-reported usual sleep times of 6 or less or 9 or more
hours per night were associated with a higher adjusted
odds ratio (OR) for IGT and DM (Table 2). As ex-
pected, older age and greater waist girth were associated
with a higher adjusted OR for DM and IGT, while there
was a trend toward a higher adjusted OR in women, mi-
norities, and persons with a higher AHI. Adjustment for
these variables did not weaken the observed associa-
tions of sleep time to DM and IGT (Table 2). There was
also little influence on the association of sleep time with
DM and IGT when the models were additionally ad-

Table 1. Characteristics of the 1486 Study Participants

Characteristic

Reported Usual Sleep Time per Night, h*

P Value†�5 6 7-8 �9

No. of subjects 125 277 956 128 NA
Age, y‡ 71.3 (8.1) 70.4 (8.5) 69.7 (8.6) 72.4 (8.0) .002
Female sex 58.4 54.5 49.5 52.3 .17
Minority race 7.2 7.9 6.2 8.6 .60
BMI‡ 28.2 (5.2) 28.2 (5.0) 28.1 (4.6) 27.7 (4.6) .76
Waist girth, cm‡ 100.3 (13.8) 100.3 (13.5) 100.6 (12.2) 99.5 (13.4) .84
AHI, events/h§ 5.6 (2.0-12.5) 5.0 (1.7-12.4) 5.4 (1.9-12.2) 5.4 (1.5-12.8) .85
Glucose regulation�

Normal glucose tolerance 41.6 45.1 55.3 39.8
Impaired glucose tolerance 25.6 31.8 26.5 35.9 �.001
Diabetes mellitus 32.8 23.1 18.2 24.2

Often or always . . . ¶
Have trouble falling asleep 51.6 21.2 8.8 7.0 �.001
Wake up too early in the morning 62.1 30.7 10.3 6.3 �.001
Wake up and cannot return to sleep 65.3 29.9 13.0 9.4 �.001
Take a pill to help sleep 11.3 9.9 5.9 10.2 .02

Alcohol consumption �2 drinks/d 4.8 4.7 7.4 12.5 .03

Abbreviations: AHI, apnea-hypopnea index; BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); NA, data not
applicable.

*Data are given as percentage of subjects in each group (for the categorical characteristics) unless otherwise indicated.
†Significance tests for the unadjusted difference across categories of sleep time are based on the �2 test for contingency table analysis of categorical

characteristics and on analysis of variance for continuous characteristics, using ln(AHI + 1) to test for differences in AHI across categories.
‡Data are given as mean (SD) (for the continuous characteristics).
§Data are given as median (interquartile range) (for another continuous characteristic).
�Percentages may not total 100 because of rounding.
¶Because of missing data, the number of subjects with data for this characteristic is 1477 (124, 274, 951, and 128 for sleep time categories of �5, 6, 7-8, and

�9 hours per night, respectively).

Table 2. Data for Diabetes Mellitus and Impaired Glucose Tolerance by Reported Usual Sleep Time in 1486 Subjects

Usual Sleep
Time per Night, h

Model*

1 2 3

DM IGT DM IGT DM IGT

�5 2.40 (1.54-3.74) 1.29 (0.81-2.05) 2.45 (1.55-3.88) 1.31 (0.82-2.11) 2.51 (1.57-4.02) 1.33 (0.83-2.15)
6 1.56 (1.10-2.20) 1.47 (1.08-2.01) 1.64 (1.15-2.35) 1.57 (1.14-2.15) 1.66 (1.15-2.39) 1.58 (1.15-2.18)

�9 1.85 (1.15-2.98) 1.89 (1.23-2.89) 1.75 (1.07-2.85) 1.84 (1.19-2.84) 1.79 (1.08-2.96) 1.88 (1.21-2.91)

Abbreviations: DM, diabetes mellitus; IGT, impaired glucose tolerance.
*Data are given as odds ratios (95% confidence intervals) for the presence of DM or IGT relative to normal glucose tolerance, from categorical logistic

regression models using 7 to 8 hours of sleep per night as the referent category. P�.001 for all 3 models, reflecting the overall significance level of the effect of
sleep time on DM and IGT, based on the likelihood ratio �2

6. Model 1 was unadjusted; 2, adjusted for age, age2, sex, race/ethnicity (non-Hispanic white vs other),
ln(apnea-hypopnea index � 1), and the study site from which the subjects were recruited; and 3, adjusted for all variables in model 2 plus waist girth.
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justed for systolic blood pressure, use of antihyperten-
sive medications, prevalent coronary artery disease, heart
failure or stroke, current cigarette smoking, usual daily
consumption of caffeine or alcohol, and frequency of de-
pressive symptoms, nocturia, nocturnal leg jerks or
cramps, and nocturnal joint pain. There was little dif-
ference between sleep times of 7 and 8 hours in the ad-
justed ORs for DM and IGT; comparing 7 with 8 hours
of sleep, the adjusted ORs were 0.92 (95% confidence
interval, 0.64-1.32) and 1.03 (95% confidence interval,
0.75-1.40) for DM and IGT, respectively. When sub-
jects with DM were excluded from the analysis, the as-
sociation of sleep time with IGT was essentially un-
changed from the model presented in Table 2, and
remained statistically significant (P�.005).

Secondary analyses demonstrated that the associa-
tion of sleep time with impaired glucose regulation was
significant in men and women, in subjects 70 years and
older and younger than 70 years, and in those with and
without obstructive sleep apnea/hypopnea, defined as an
AHI of 5 or more (Table 3), with no significant effect
modification by these factors. None of the insomnia mea-
sures examined was significantly associated with glyce-
mic status; therefore, despite their strong association with
short sleep time, their inclusion in the regression model
had no meaningful effect on the association of sleep time
to IGT and DM. When stratified on the presence or ab-
sence of insomnia, the adjusted OR for DM or IGT among
short and long sleepers was similar in those with and with-
out insomnia (Table 3). Moreover, the association of sleep
time with glycemic status remained significant when the
analysis was restricted to the 997 subjects without in-
somnia symptoms.

COMMENT

By using uniformly applied objective measures to assess
glycemic status, the present study provides epidemio-
logic evidence that short sleep time is associated with DM

and IGT in community-dwelling middle-aged and older
adults under conditions of sleep deprivation that are highly
prevalent in the United States and other industrialized
societies. This finding persisted after adjustment for
known DM risk factors, and was independent of the pres-
ence of insomnia symptoms, suggesting that voluntary
sleep restriction may be a cause of impaired glucose regu-
lation. The association of short sleep times with DM and
IGT may explain in part the association between short
sleep time and myocardial infarction16 and mortality,4-7

and lends empirical support to the common recommen-
dation to obtain 7 to 8 hours of sleep per night. More-
over, it suggests that obtaining an adequate total sleep
time should be tested as a nonpharmacologic treatment
modality in the management of patients with DM and IGT.

These results are consistent with a prior report from the
Nurses’ Health Study in which the adjusted ORs for inci-
dent DM over a mean follow-up of 10 years were 1.18, 1.10,
and 1.29 in subjects sleeping 5 or less, 6, or 9 or more hours
per night, respectively, compared with those sleeping 8
hours per night.17 Although the association of sleep time
with incident DM in the Nurses’ Health Study was signifi-
cant only in the subset of diabetic patients with severe symp-
toms, and not in the entire cohort, the power of that study
may have been limited by use of self-report to identify in-
cident cases of DM or by changes in sleep habits during
the long follow-up period. A study using an intravenous
glucose tolerance test in a small sample of healthy, non-
obese, young adults with habitual short sleep times (mean,
5.3 hours per night) found that, compared with subjects
sleeping 7.5 to 8.5 hours per night, short sleepers were not
glucose intolerant but did have reduced insulin sensitiv-
ity.18 Perhaps with additional risk factors, such as advanc-
ing age or greater adiposity, this reduced insulin sensitiv-
ity would result in glucose intolerance.

In this study, we have adjusted for factors believed a
priori to be potential confounders of the association be-
tween sleep time and glycemic status, including age, sex,
race, and obesity, and for AHI, given the growing evi-

Table 3. Data for Diabetes Mellitus or Impaired Glucose Tolerance by Reported Usual Sleep Time in Stratified Analyses

Variable No. of Subjects

Reported Usual Sleep Time per Night, h*

P Value†�5 6 �9

Sex
Male 722 1.93 (1.04-3.56) 1.19 (0.79-1.80) 1.91 (1.07-3.42) .04
Female 764 1.83 (1.07-3.11) 2.18 (1.46-3.24) 1.84 (1.06-3.19) �.01

Age, y
�70 690 1.62 (0.87-3.03) 1.70 (1.12-2.58) 1.91 (0.97-3.75) .02
�70 796 2.00 (1.20-3.34) 1.58 (1.08-2.33) 1.87 (1.14-3.05) �.01

AHI
�5 715 1.95 (1.08-3.50) 1.81 (1.22-2.70) 1.79 (1.02-3.16) �.01
�5 771 1.77 (1.03-3.02) 1.45 (0.97-2.17) 1.95 (1.12-3.40) .02

Insomnia
Absent 997 1.76 (0.81-3.83) 1.78 (1.22-2.59) 1.89 (1.21-2.96) �.01
Present 480 1.66 (0.98-2.82) 1.40 (0.88-2.22) 1.56 (0.66-3.70) .21

Abbreviation: See Table 1.
*Data are given as odds ratios (95% confidence intervals) for the presence of either diabetes mellitus or impaired glucose tolerance relative to normal glucose

tolerance, from logistic regression models using 7 to 8 hours of sleep per night as the referent category. Analyses are adjusted for age, age2, sex, waist girth,
race/ethnicity (non-Hispanic white vs other), ln(AHI � 1), and the study site from which the subjects were recruited.

†P values reflect the overall significance level of the effect of sleep time on diabetes mellitus and impaired glucose tolerance within strata, based on the
likelihood ratio �2

3; there was no significant interaction of sleep time with sex, age, AHI, or presence of insomnia.
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dence that obstructive sleep apnea/hypopnea may cause
impaired glucose regulation.19,20 Waist girth was used to
measure obesity, because it correlates better than either
BMI or waist-hip ratio with visceral adiposity,21 which is
more relevant than total body fat to the pathophysiologi-
cal features of DM.22,23 In contrast to the Nurses’ Health
Study report,17 adjustment for obesity did not attenuate
the association of sleep time with DM, implying that con-
founding by adiposity is unlikely. While it has been sug-
gested that sleep restriction may lead to obesity by sup-
pressing leptin secretion,24 we did not observe greater
obesity in short sleepers, in contrast to the modest asso-
ciation of short sleep with obesity in prior reports.7,17 This
may reflect the younger age of subjects in those studies,
because the association of sleep time with obesity is re-
ported to diminish with age.25 Secondary analyses also in-
dicate that the association of sleep time with DM and IGT
was not confounded by caffeine or alcohol consumption,
cigarette smoking, or antihypertensive medication use,
which might influence sleep habits, or nocturia or preva-
lent medical illnesses often associated with DM, includ-
ing hypertension and cardiovascular disease.

Studies of experimental sleep restriction suggest a likely
causal association between short sleep and impaired glu-
cose regulation. Sleep restriction to 4 hours per night for
6 nights caused IGT in healthy young adults, which re-
solved after 1 week of increased sleep duration.8 The bio-
logical mechanisms underlying this effect are uncer-
tain. Sleep deprivation may lead to increased sympathetic
nervous system activity,8,26 which may impair glucose
regulation via the lipolytic effects of �-adrenergic stimu-
lation of visceral adipose tissue.27 Sleep deprivation also
alters activity of the hypothalamic-pituitary-adrenal axis,
with short-term partial sleep deprivation causing a shorter
quiescent period of cortisol secretion and slower clear-
ance of free cortisol.8,28 Experimentally delaying sleep on-
set is associated with a presleep burst of growth hor-
mone secretion followed by the usual sleep-onset growth
hormone secretion,29 possibly causing morning glucose
intolerance, although persistence of this pattern of growth
hormone secretion with long-term delayed sleep onset
is uncertain. Primary insomnia is associated with in-
creased activity of the hypothalamic-pituitary-adrenal
axis,30,31 and patients with insomnia often underesti-
mate their actual sleep time.32 However, the observed
association of short sleep time with DM and IGT in the
present study remained significant after adjustment for
insomnia or excluding subjects with insomnia, imply-
ing that voluntary sleep restriction at levels common in
the population may lead to impaired glucose regulation.

The mechanisms mediating the association of long
sleep time with impaired glucose regulation are more
speculative. Seven days of extending time in bed to 12
hours per night was not associated with evidence of glu-
cose intolerance.8 Nurses’ Health Study subjects who re-
ported sleeping 9 hours or more per night reported 15%
less physical activity per week than those sleeping 7 to 8
hours per night.17 This might lead to impaired glucose
regulation through direct effects of inactivity33,34 or
through an association of inactivity with a greater de-
gree of visceral adiposity for a given level of total body
adiposity, as suggested by the greater reduction in vis-

ceral compared with total body fat with daily walking.35

Depression is associated with increased cortisol level and
may cause increased sleep time. Although depression was
not formally assessed in our subjects, sleep time was not
significantly associated with depressive symptoms ob-
tained from the Medical Outcomes Study 36-Item Short-
Form Health Survey; confounding by depression is, there-
fore, unlikely. While adjustment for usual alcohol
consumption did not meaningfully alter the association
of sleep time with DM or IGT, sleep time was signifi-
cantly associated with alcohol consumption. Because
heavy alcohol users may underreport their actual con-
sumption, it is possible that alcohol use contributes to
the higher prevalence of impaired glucose regulation in
those sleeping 9 hours or more per night. An alternative
hypothesis is that conditions associated with mild chronic
inflammation, such as subclinical cardiovascular dis-
ease or visceral obesity per se, cause long sleep time and
alteration in glycemic control via the sleep-inducing36,37

and metabolic38,39 effects of inflammatory cytokines, in-
cluding interleukin 1 and tumor necrosis factor �.

Several limitations of this study merit discussion. Usual
sleep time was obtained by self-report. Although acti-
graphic studies have demonstrated the validity of self-
reported sleep time,40 it does have a moderate degree of
variation over time. While some misclassification on sleep
time is likely, this should bias the study toward a null
result. Because this was an observational study, the pos-
sibility of confounding by unmeasured variables, such
as sedentary lifestyle and diet, cannot be excluded. In the
Nurses’ Health Study, however, the mean level of physi-
cal activity was nearly identical in those sleeping 6 hours
or less and those sleeping 7 to 8 hours per night.17 Be-
cause this was a cross-sectional study, the temporal re-
lation between sleep time and impaired glucose regula-
tion is unknown. Diabetes mellitus and IGT might affect
sleep time, because diabetic patients may experience noc-
turia, neuropathic pain, or restless legs syndrome, which
impairs sleep initiation or maintenance. We found no sig-
nificant association, however, of DM or IGT with insom-
nia symptoms or frequency of nocturia, nocturnal leg jerks
or cramps, or nocturnal joint pain. Finally, this was a study
of adults aged 53 to 93 years. Although the relation of
sleep time to DM and IGT was similar in those 70 years
and older and in those younger than 70 years, caution
must be exercised in extrapolating these findings to
younger age groups.
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