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Study objective: Short and long sleep duration have been linked to
various risk factors for cardiovascular disease. In the present study, we
evaluated the relationship between sleep duration and presence of the
metabolic syndrome, which is a cluster of physiologically interrelated
risk factors for cardiometabolic disease.

Design/Setting: Cross-sectional community-based cohort study.
Participants: One thousand two hundred fourteen participants from the
Adult Health and Behavior Project registry (aged 30 to 54 years).
Measurements: Participants were divided into 4 groups based upon
their reported sleep duration. The metabolic syndrome was defined
according to the American Heart Association/National Heart Lung and
Blood Institute’s criteria. Logistic regression was used to test the hy-
pothesis that sleep duration is a significant correlate of the metabolic
syndrome and its components.

Results: The observed metabolic syndrome rate (22%) was similar to
that of published health statistics for American adults. After covariate
adjustment, the odds for having the metabolic syndrome increased by

more than 45% in both short and long sleepers, compared with those
sleeping 7 to 8 hours per night. Sleep duration was also associated
individually with abdominal obesity, elevated fasting glucose, and hy-
pertriglyceridemia. After further adjustment for use of antihypertensive
medication, prevalence of the metabolic syndrome and its components
remained elevated in short sleepers only.

Conclusion: These data suggest that sleep duration is a significant
correlate of the metabolic syndrome. Additional studies are needed to
evaluate temporal relationships among these measures, the behavioral
and physiologic mechanisms that link the two, and their impact on sub-
sequent cardiometabolic disease.
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MIDLIFE ADULTS WHO ARE SHORT SLEEPERS ARE AT
INCREASED RISK FOR CARDIOVASCULAR DISEASE."*
BOTH CROSS-SECTIONAL AND PROSPECTIVE epidemi-
ologic studies have linked sleep durations of 6 hours or less per
night with prevalent and incident hypertension. For example,
in an 8- to 10-year follow-up of the National Health and Nutri-
tion Examination Survey-I cohort, Gangwisch and colleagues
reported that short sleepers (< 5 hours per night) were at in-
creased risk for hypertension, after adjusting for confounding
variables including age, sex, education, health behaviors, de-
pression, overweight/obesity, and diabetes.’ Significant rela-
tionships among short sleep duration and incident hypertension
over a 5-year follow-up were observed among women only in
the slightly older Whitehall II cohort.? Strikingly, decreases in
sleep duration over a 3- to 5-year period in the Whitehall II co-
hort were associated with a 110% excess risk of cardiovascular
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mortality after adjusting for prominent cardiovascular disease
risk factors.*

Possible pathways linking short sleep duration to hyperten-
sion and cardiovascular disease events include increases in
body weight and changes in glucose metabolism/diabetes. In
a series of landmark studies, Spiegel and colleagues demon-
strated that short-term experimental sleep restriction in healthy,
lean, young adults profoundly altered key components of en-
ergy homeostasis, including glucose tolerance, food cravings,
and hormones critical to appetite regulation.’ For example, ex-
perimental sleep restriction of 4 hours per night over two con-
secutive nights markedly increased the ghrelin-to-leptin ratio
and reported cravings for calorie-dense and carbohydrate-rich
foods.S Observational data from the population-based Wisconsin
Sleep Cohort study”’ similarly demonstrated significant cross-
sectional associations among short sleep duration and reduced
leptin and elevated ghrelin, which regulate satiety and hunger,
respectively. Given the metabolic and endocrine changes that
favor increased appetite and hunger in association with sleep
curtailment, it is not surprising that a number of prospective
epidemiologic studies have reported significant relationships
between short sleep duration and increased body mass index.*?

With respect to diabetes, the experimental sleep-restriction
studies of Spiegel and colleagues demonstrated that sleep cur-
tailment for periods of less than one week leads to clinically
significant decreases in glucose tolerance in lean young men.’
Although these experimental studies show that sleep restriction
affects glucose metabolism, one has to look to the epidemiologic
literature to evaluate the extent to which naturalistic sleep cur-
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tailment, as measured by short sleep duration, is associated with
diabetes. To date, several epidemiologic studies have reported
that diabetes risk is elevated in both short and long sleepers.'%-!?
For instance, after adjusting for diabetes risk factors, includ-
ing waist girth, both the cross-sectional Sleep Heart Health
Study and the prospective Massachusetts Male Aging Study re-
ported U-shaped relationships between sleep duration and type
2 diabetes.'"'? Although similar univariate relationships were
observed in 10-year follow-up data in the full Nurse’s Health
Study cohort, after adjusting for body mass index, diabetes risk
remained elevated only in short and long sleepers with symp-
tomatic disease (e.g., thirst, urinary frequency, weight loss).!
Increased body weight and glucose dysregulation, including
diabetes, have pernicious and far-reaching consequences to car-
diometabolic risk, including increased free fatty acid release,
dyslipidemia, increased inflammation, macrovascular damage
and remodeling, and endothelial dysfunction.'>*

If the U-shaped relationship between sleep duration and car-
diometabolic risk is mediated, in part, by individual associa-
tions with obesity, glucose metabolism, and their downstream
pathophysiologic consequences, it is logical to consider whether
short and/or long sleep duration is related to the metabolic syn-
drome. The metabolic syndrome is a composite set of cardiomet-
abolic risk factors, including central adiposity, glucose dysregu-
lation, elevated blood pressure, and dyslipidemia, which covary
within populations and aggregate in individuals.'s Despite the
absence of international consensus regarding the definition of
and scoring guidelines for the metabolic syndrome, ' it has been
widely shown to predict cardiovascular disease risk,'”" type 2
diabetes,?**? and all-cause mortality.''” While there is also dis-
agreement about the extent to which the individual components
of the metabolic syndrome represent a unique physiologic sub-
structure or are merely a cluster of health hazards, there is no
dispute that individual components of the metabolic syndrome
are physiologically interrelated.® To this end, evaluation of re-
lationships among sleep and the metabolic syndrome is critical
to understanding the synergistic mechanisms by which sleep
affects and is affected by health. Indeed, recent studies have
reported increased prevalence of the metabolic syndrome in in-
dividuals who snore and/or have sleep apnea, as well as rotating
shiftworkers.?*** We have recently shown that subjective sleep
quality, as measured by the Pittsburgh Sleep Quality Index, is a
significant correlate of the metabolic syndrome in a subsample
(n = 210) of the participants included in this report.?’ In the
present larger study, we hypothesized that both short and long
sleep duration would be associated with increased prevalence
the metabolic syndrome.

METHODS

Data for the present study were derived from the University
of Pittsburgh’s Adult Health and Behavior (AHAB) registry,
which is a compendium of behavioral and biologic measure-
ments on midlife adults recruited via mass-mail solicitation
from communities of Southwestern Pennsylvania (principally
Allegheny County). Study participants in the AHAB registry
were 1295 male and female AHAB participants, all between
30 and 54 years of age. Participants had no clinical history of
atherosclerotic cardiovascular disease, chronic kidney or liver
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disease, cancer treatment within the preceding year, or major
neurologic disorders, schizophrenia, or other psychotic ill-
ness. Other AHAB study exclusions included pregnancy and
the use of insulin, glucocorticoid, antiarrhythmic, psychotropic
or weight-loss medications. Data collection occurred over mul-
tiple laboratory sessions, and informed consent was obtained in
accordance with approved guidelines of the University of Pitts-
burgh Institutional Review Board.

Sleep

Sleep duration was measured by trained interviewers as acom-
ponent of the Stanford Five-City Physical Activity Interview.?®
Participants were asked the number of hours per night they
had slept over the past 7 days and were asked separately about
sleep duration on weeknights (Sunday-Thursday) and weekend
nights (Friday, Saturday). Consistent with previous studies that
have evaluated relationships among sleep duration and indices
of cardiometabolic risk, weekly average reported sleep duration
was calculated as the weighted average of weeknight and week-
end values [(5 x weekday sleep duration) + (2 x weekend sleep
duration)/7].”* This definition makes no assumptions regard-
ing work, leisure, or other constraints on weekday and weekend
sleep hours. Participants were divided into 4 groups based upon
their reported sleep duration: < 6 hours = “very short sleepers,”
6 to 6.99 hours = “short sleepers,” 7 to 8 hours = “reference
group,” and > 8 hours = “long sleepers.” In exploratory analy-
ses, we computed a measure of presumed sleep debt in order
to explore the extent to which sleep-curtailment patterns were
associated with the metabolic syndrome and its components.”
Sleep duration difference scores were calculated as weekend
sleep duration — weeknight sleep duration. The majority of the
sample had weekday versus weekend sleep duration discrepan-
cies of less than 1 hour (77%); 16% slept over an hour lon-
ger on weekend compared with weekday nights, whereas 7%
slept over an hour longer on weekday compared with weekend
nights. Because we could not presume that participants “paid
their sleep debt” on weekend nights, presumed sleep debt was
dichotomized as a weekend versus weekday sleep duration dif-
ference of greater than 1 hour, regardless of whether the longer
sleep bout occurred on a week night or weekend night.

Cardiometabolic Risk

Components of the metabolic syndrome were assessed in the
morning following a 12-hour overnight fast. Blood pressure
measurements were obtained by trained staff, using a mercury
sphygmomanometer and cuff size appropriate to the partici-
pant’s arm circumference. Blood pressure was calculated as the
mean of two consecutive readings obtained on the right arm,
in a seated position, and following 10 minutes’ rest. Measure-
ments were obtained of participants’ height, weight, and waist
circumference (at the umbilicus). Study staff also collected a
venous blood sample, as well as medication usage and health
status data at this time. Determination of fasting serum lipids,
glucose, and insulin was performed by the Heinz Nutrition
Laboratory, University of Pittsburgh Graduate School of Public
Health, as described previously.*® The metabolic syndrome was
defined according to the American Heart Association/National
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Heart Lung and Blood Institute’s (AHA/NHLBI) criteria'® as
the presence of three or more of the following: (1) waist cir-
cumference greater than 102 cm in men or greater than 88 cm
in women; (2) fasting serum glucose of 100 mg/dL or greater
or use of oral hypoglycemic medication; (3) blood pressure of
130 mm Hg systolic, 85 mm Hg diastolic or higher or use of an-
tihypertensive medication; (4) serum triglycerides of 150 mg/
dL or higher or medication for hypertriglyceridemia; and (5)
high-density lipoprotein (HDL) cholesterol of less than 40 mg/
dL in men or 50 mg/dL in women, or use of medication for low
HDL cholesterol.

Covariates

Traditional and emerging biologic and sociodemographic
factors, health behaviors, and indices of health were evaluated
as potential confounds of relationships among sleep duration
and cardiometabolic risk. Risk factors that have been robustly
associated with sleep duration and/or the metabolic syndrome
and its individual components included age, sex, race, socio-
economic status, smoking, alcohol use, physical activity, and
cholesterol.’33 The following were assessed by self report: age,
sex, race (non-Hispanic Caucasian, African American), socio-
economic status as indexed by educational attainment (“college
degree or greater” = 1 compared to “associate’s degree or less”
= 0), smoker status (dichotomized as “never,” “past smoker” =
0 versus “current smoker” = 1), alcohol use (average number of
alcoholic beverages consumed per week), and physical activity
operationalized as average weekly kilocalories.** Fasting low-
density lipoprotein (LDL)-cholesterol levels were determined
according to the Friedewald equation.’> LDL-cholesterol levels
were selected as a covariate in lieu of total cholesterol or the
total cholesterol:HDL ratio given the high degree of collinearity
between the latter two measures and indices of dyslipidemia,
which constitute two of the five components of the metabolic
syndrome.

Accumulating cross-sectional and longitudinal evidence
also suggests that depression is a significant correlate of sleep
duration®>¢ and cardiometabolic risk.’™*° For instance, two
prospective studies reported that symptoms of depression, in-
dependent of age and health behaviors, were associated with
increased risk of developing the metabolic syndrome.**** The
majority of cross-sectional studies similarly support a strong
association between symptoms of depression and the metabol-
ic syndrome in mid- to late-life adults.’” In the present study,
symptoms of depression were measured with the self-report
Center for Epidemiological Studies Depression Scale,” minus
sleep items.

Statistical Analysis

Twenty-eight participants were excluded from analysis due
to missing data on one or more sentinel variables (viz., sleep re-
cord, central adiposity, fasting lipids, or glucose concentration).
An additional 53 participants taking statins were not included
since these agents are generally prescribed for elevated LDL-
cholesterol but have concurrent effects on triglycerides and
HDL cholesterol, which confound dyslipidemia classification.
Consistent with AHA/NHLBI guidelines regarding the diagno-
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sis of the metabolic syndrome, participants taking fibrates and
nicotinic acid (n = 7) were retained in the analyses as they were
presumed to have high triglycerides and low HDL cholester-
ol.”* Therefore, the present analyses were conducted on a total
sample of 1214 participants.

Descriptive statistics were used to characterize the sample,
evaluate distributions, and guide the formation of categori-
cal or transformed variables. Multivariable logistic regression
was used to test the hypothesis that sleep duration is a signifi-
cant correlate of the metabolic syndrome and its components.
Covariates were age, sex, race, educational attainment, smok-
er status, physical activity, fasting LDL-cholesterol level, and
symptoms of depression. Alcohol use was not used as a cova-
riate as it was unrelated to sleep duration and the metabolic
syndrome in the present sample. Secondary analyses explored
the extent to which presumed sleep debt was a significant cor-
relate of the metabolic syndrome and its components. Analy-
ses of presumed sleep debt were considered exploratory given
that we did not have a measure of preferred sleep duration®
nor were we able to verify that participants worked during the
week and slept longer hours (i.e., paid their sleep debt) on the
weekend.

A series of sensitivity analyses were conducted to evalu-
ate the possibility that several key variables significantly con-
founded study results. Given the strong association between the
abdominal obesity and glucose components of the metabolic
syndrome (y* = 52.64, P < 0.001), two additional models tested
relationships between (a) sleep duration and the abdominal
obesity criterion in participants who did not meet the glucose
criterion (n = 864, 71% of the sample) and (b) sleep duration
and the glucose criterion in participants who did not meet the
abdominal obesity criterion (n =802, 66% of the sample). These
analyses allowed us to evaluate associations between sleep
duration and abdominal obesity, not confounded by elevated
glucose, as well as sleep duration and glucose, not confounded
by abdominal obesity. Because B-blockers and diuretics may
indirectly increase glucose concentrations, sensitivity analyses
were also performed in the subsample of participants who were
not taking these medications (n = 1173, 96.6% of the sample).
These analyses allowed us to evaluate associations between
sleep duration and cardiometabolic risk, not confounded by an-
tihypertensive medication use.

RESULTS

Background characteristics of the sample are shown in Table
1. Sixteen percent of the sample (n = 199) was self-identified as
African American, and, overall, 62% of the sample were over-
weight or obese, as defined by a body mass index (kg/m?) of 25
or greater. These statistics parallel those observed in US adults
of similar average age and racial distribution.”® Presence of the
metabolic syndrome in this sample (22%) was also similar to
that of published prevalence statistics for US adults.”® An ad-
ditional 46% (n = 560) of the sample met one or two criteria
for the metabolic syndrome, whereas 32% (n = 386) met no
criteria. Short sleep duration was common, with 20% of the
sample reporting sleep durations of less than 6 hours per night.
In contrast, only 8% of the sample reported sleep durations of
longer than 8 hours per night.
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Table 1—Sample Characteristics
Characteristic Results
Age,y 444+6.8
Men 568 (46.6)
Non-Hispanic Caucasian 1019 (83.7)
College graduate 816 (67.2)
Current smoker 231 (19.0)
Physical activity, weekly kcal? 2431.7 + 1841.0
Symptoms of depression, CES-D? 74+18
Reported sleep duration, h
< 6 (very short sleepers) 187 (15.4)
6.0-6.99 (short sleepers) 402 (33.1)
7.0-8.0 (referent group) 525 (43.2)
> 8.0 (long sleepers) 100 (8.2)
Presumed sleep debt 281 (23.1)
Metabolic syndrome 272 (22.3)
Central adiposity criterion 412 (33.9)
Glucose criterion 350 (28.8)
Blood pressure criterion 387 (31.9)
Triglycerides criterion 276 (22.7)
HDL criterion 338 (27.8)
Medications
Diabetic 5(0.4)
Antihypertensives 79 (6.5)
Dyslipidemia® 7 (0.6)
Fasting Glucose, mg/dL 96.1+17.5
BMI 274+538
Blood pressure
Systolic 1163 +13.5
Diastolic 78.3+9.5
Triglycerides, mg/dL 119.7+81.4
HDL, mg/dL 53.6 +14.7
LDL, mg/dL 123.39 +32.15
Data are presented as mean + SD or number (%). CES-D refers to
Center for Epidemiological Studies Depression Scale; BMI, body
mass index; LDL, low-density lipoprotein.
*Symptoms of Depression (CES-D) and Physical Activity (kcal)
were log transformed prior to hypothesis testing.
®Use of fibrates or nicotinic acid for treatment of hypertriglyceri-
demia or low high-density lipoprotein (HDL) cholesterol.
‘Presumed sleep debt is defined as > 1 hour weekday — weekend
difference.

Logistic regression model results are summarized in Table
2. With respect to background variables included in the mod-
els, older age was associated with the metabolic syndrome and
each of its components (P values < 0.01) with the exception of
the low HDL criterion. Although metabolic syndrome rates did
not differ between Caucasians and African Americans (21.8%
and 24.6%, respectively), a greater percentage of the African
Americans ranked above the defined cutoffs for central adipos-
ity and blood pressure and below the threshold for triglycerides,
as compared with the Caucasians (all P values < 0.001). Meta-
bolic syndrome rates were twice as high in men, as compared
with women (30.3% versus 15.2%, respectively; P < 0.001).
Increased prevalence of the metabolic syndrome in men was
related to the following criteria: glucose, blood pressure, and
triglycerides. Although rates of very short sleep duration (< 6
hours/night) were comparable in men and women (18.8% and
12.5%, respectively), very short sleep durations were more
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Figure 1—Proportion of participants in each sleep duration cat-
egory who meet criteria for the metabolic syndrome.

common among African Americans (23.6%) than among Cau-
casians (13.8%) (Pearson y*> = 12.33, P < 0.001). The metabolic
syndrome and elevated blood pressure were less common in
participants who achieved greater educational attainment (19%
and 27.6%, respectively), compared with those with an associ-
ate’s degree or less (26.8% and 38%, respectively). Consistent
with previous studies, the metabolic syndrome and each of its
components was inversely associated with physical activity, as
measured by weekly kilocalorie expenditure, and positively as-
sociated with LDL-cholesterol levels. In multivariable models,
smoker status and symptoms of depression were unrelated to
the metabolic syndrome or its individual components.

The proportion of participants in each sleep duration cate-
gory with the metabolic syndrome is shown in Figure 1. As de-
tailed in Table 2, after adjusting for age, sex, race, educational
attainment, smoker status, physical activity, LDL-cholesterol,
and symptoms of depression, the odds for having the metabolic
syndrome increased between 48% and 83% in both groups of
short sleepers and the long sleeper group, compared with those
sleeping 7 to 8 hours per night. Relationships between reported
sleep duration and individual components of the metabolic syn-
drome were similarly evaluated, and significant relationships
were noted for three of the five metabolic syndrome criteria.
Very short and short sleepers were at least 1.6 times more likely
to meet criteria for abdominal obesity (waist circumference
> 102 c¢cm for men or 88 cm for women) compared with indi-
viduals who slept 7 to 8 hours per night. Sensitivity analyses
confirmed that significant relationships among very short (odds
ratio [OR] = 2.05, 95% confidence interval [CI]= 1.27-3.31)
and short sleepers (OR = 1.62, 95% CI = 1.12-2.34) and the ab-
dominal-obesity criterion remained significant in the subsample
of participants who did not meet the glucose criterion (n = 864,
71% of the sample).

In the full sample, a U-shaped curvilinear relationship was
observed between sleep duration and the glucose criterion, de-
fined as a fasting glucose level of 100 mg/dL or greater or use
of oral hypoglycemic medication (Table 2). Compared with
the reference group, the odds of meeting the glucose criterion
were at least 1.7 times greater in the very short (< 6 hours) and
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Sleep Duration
and Covariates

Physical activity

Individual components of the metabolic syndrome

Table 2—Relationships Among the Metabolic Syndrome, Components of the Metabolic Syndrome, Sleep Duration and Covariates

Metabolic
syndrome
OR (95% CI)

Reported sleep duration, h

Biologic and sociodemographics?

0.61 (0.51-0.73)

Central adiposity
criterion
OR (95% CI)

<6 1.83 (1.19-2.80)  1.73(1.21-2.57)
6-<7 1.48 (1.05-2.10)  1.64 (1.22-2.20)
7-8 Ref Ref

>8 1.81(1.04-3.15)  1.47(0.91-2.40)

Age 1.05 (1.02-1.07)  1.02 (1.00-1.04)
Sex 2.60 (1.90-3.55)  1.01 (0.78-1.32)
Race 0.99 (0.65-1.49)  1.79 (1.26-2.52)
Educational
attainment 0.68 (0.50-0.93)  0.78 (0.60-1.02)
Health behaviors®
Smoker 1.03 (0.71-1.50)  0.78 (0.56-1.09)

0.68 (0.58-0.80)

Glucose
criterion
OR (95% CI)

1.74 (1.18-2.55)
1.11 (0.82-1.52)
Ref
1.70 (1.04-2.80)

1.04 (1.02-1.06)
2.44 (1.85-3.21)
1.17 (0.81-1.70)
0.94 (0.71-1.24)

1.27 (0.91-1.77)
0.82 (0.69-0.96)

Blood pressure
criterion
OR (95% CI)

1.10 (0.75-1.63)
0.97 (0.72-1.32)
Ref
1.00 (0.59-1.69)

1.07 (1.05-1.10)
3.09 (2.33-4.08)
2.10 (1.46-3.02)
0.66 (0.50-0.87)

0.86 (0.61-1.22)
0.79 (0.67-0.93)

Triglycerides
criterion
OR (95% CI)

1.32 (0.85-2.05)
1.53 (1.10-2.14)
Ref
0.93 (0.50-1.73)

1.03 (1.01-1.05)
3.20 (2.34-4.38)
0.31 (0.19-0.53)
0.74 (0.54-1.01)

0.98 (0.67-1.43)
0.65 (0.54-0.78)

HDL
criterion
OR (95% CI)

1.34 (0.91-1.99)
1.24 (0.91-1.69)
Ref
1.54 (0.95-2.50)

0.98 (0.96-1.00)
1.16 (0.88-1.52)
0.79 (0.54-1.14)
0.59 (0.44-0.77)

1.15 (0.82-1.61)
0.67 (0.57-0.79)

Indices of health®

LDL cholesterol 1.01 (1.00-1.01)  1.01 (1.01-1.01)
Symptoms of
depression 1.03 (0.88-1.21)  1.08 (0.94-1.23)

elor’s degree or higher compared to associate’s degree or lower.

dSleep duration = 7- 8 hours as referent.

1.01 (1.00-1.01)
0.96 (0.83-1.10)

HDL refers to high-density lipoprotein; OR, odds ratio; CI, confidence interval.
2Age = l-year increase; Sex = males compared to females; Race = African American compared to Caucasian; Educational attainment = bach-

®Smoker = “current smoker” vs “never” or “past”; Physical activity = 1 SD increase.
‘Low-density lipoprotein (LDL)-cholesterol = 1 SD increase; Symptoms of depression = 1 SD increase.

1.00 (1.00-1.01)  1.01 (1.00-1.01)  1.00 (1.00-1.00)

0.93 (0.81-1.07)  1.05(0.90-1.23)  0.93 (0.81-1.07)

long (> 8 hours) sleeper groups. Sensitivity analyses in the sub-
sample of participants who did not meet the abdominal-obesity
criterion (n = 802, 66% of the sample) revealed that the odds for
meeting the glucose criterion remained elevated in short sleep-
ers (OR =2.08, 95% CI = 1.27-3.43) but not significantly so in
long sleepers (OR = 1.72, 95% CI = 0.90-3.29).

In the full sample, the odds for meeting the elevated triglyc-
eride criterion (triglycerides > 150 mg/dL or use of dyslipidemic
medication) were increased by 53% in short sleepers, compared
with the reference group of men and women who slept 7 to 8
hours per night. The odds of meeting the triglyceride criterion
did not differ in the very short or long sleepers, compared with
the reference group. Sleep duration was not associated with the
blood pressure criterion or the low HDL-cholesterol criterion.

Sensitivity analyses indicated that use of potentially con-
founding antihypertensive medications had relatively minor
effects on observed relationships between sleep duration and
cardiometabolic risk. As detailed in Table 3, among participants
not taking B-blockers and/or diuretics (n = 1173, 96.6% of the
sample), the odds for meeting metabolic syndrome criteria re-
mained elevated in the very short and short sleepers but declined
somewhat in the long sleepers and was no longer statistically
significant. Similarly, the odds for meeting the glucose crite-
rion remained elevated in the very short sleepers but not in the
long sleepers. Significant relationships among sleep duration
and both the abdominal obesity criterion and the triglyceride
criterion remained unchanged in the subsample of participants
not taking antihypertensive medications. Long sleep duration,
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which was weakly related to the HDL criterion in the full sam-
ple (P=0.08), was associated with a significant 77% increase in
this cardiometabolic risk factor in the subsample of participants
not taking B-blockers or diuretics.

Results of exploratory analyses revealed that presumed sleep
debt, as indexed by a weekend versus weeknight sleep-duration
discrepancy of greater than 1 hour, was not a significant corre-
late of the metabolic syndrome or any of its components (data
not shown).

DISCUSSION

In recent years, there has been a proliferation of studies fo-
cused on sleep duration and indices of cardiometabolic risk.
Short and long sleep duration have been linked to various risk
factors for cardiovascular disease, including increased body
mass index, diabetes, metabolic dysregulation, elevated blood
pressure, dyslipidemia, and others.”**#** Each of these large
epidemiologic studies has generally focused on a single car-
diometabolic risk factor and adjusted for other risk factors to
the extent possible. In contrast, the epidemiologic and clinical
concept of the metabolic syndrome presumes that abdominal
obesity, glucose dysregulation, elevated blood pressure, and
dyslipidemia are a cluster of risk factors that act synergisti-
cally to influence subsequent disease processes.”> Although
some find this approach unsatisfying because evaluation of a
syndrome makes it difficult to identify individual physiologic
pathways to disease, the central notion of the metabolic syn-
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Table 3—Sensitivity Analysis Results for Relationships Between Sleep Duration and Cardiometabolic Risk in the Subsample of Participants
not Taking Antihypertensive Medication (n = 1173, 96.6% of the Sample)

Individual components of the metabolic syndrome

Reported sleep Metabolic Central adiposity
duration, hours syndrome criterion

OR (95% CI) OR (95% CI)
<6 1.76 (1.13-2.74)  1.75 (1.19-2.56)
6-<7 1.47 (1.03-2.11)  1.64 (1.22-2.22)
7-8 Ref Ref
>38 1.65(0.91-3.00) 1.41(0.85-2.34)

lipoprotein.

Glucose
criterion
OR (95% CI)
1.76 (1.19-2.60)
1.06 (0.77-1.45)

Ref Ref Ref Ref
1.56 (0.93-2.63)

Sleep duration = 7-8 hours as referent; covariates included age, sex, race, educational attainment, smoker, physical activity, low-density lipopro-
tein (LDL) cholesterol and symptoms of depression (odds ratio [OR] and 95% confidence interval [CI] not shown). HDL refers to high-density

HDL
criterion
OR (95% CI)
1.31 (0.87-1.95)
1.26 (0.92-1.73)

Blood pressure
criterion
OR (95% CI)
1.13 (0.76-1.68)
0.96 (0.70-1.31)

Triglycerides
criterion
OR (95% CI)
1.29 (0.82-2.03)
1.51 (1.07-2.13)
0.87 (0.49-1.54)

0.91 (0.48-1.74)  1.77 (1.08-2.89)

drome is that these individual risk factors have, in part, shared
etiologies. Growing appreciation of the behavioral and physio-
logic interconnectedness of cardiometabolic risk factors has led
some to evaluate relationships between sleep and the metabolic
syndrome. Published studies have examined relationships be-
tween the metabolic syndrome and sleep disordered breathing,
snoring, shift work, and subjective sleep-quality complaints.>*2’
To our knowledge, the current investigation is the first to evalu-
ate relationships between sleep duration and the metabolic syn-
drome.

Results indicate that both short (< 7 hours per night) and long
sleep duration (> 8 hours per night) are significant correlates
of the metabolic syndrome in a community sample of midlife
adults. Relationships between sleep duration and the metabolic
syndrome were observed despite statistical adjustment for tra-
ditional Framingham risk factor components (age, sex, race,
smoker status, and LDL cholesterol), educational attainment,
physical activity, and symptoms of depression. After exclusion
of individuals taking potentially confounding antihypertensive
medications, the relationship between long sleep duration and
the metabolic syndrome was no longer statistically significant.
Sleep duration was independently associated with 3 compo-
nents of the metabolic syndrome: abdominal obesity, elevated
glucose, and elevated triglycerides. Men and women who slept
less than 7 hours per night were nearly twice as likely to meet
criteria for abdominal obesity, compared with those who report-
ed sleeping 7 to 8 hours per night. Very short sleepers (< 6 hours
per night) who were not obese and did not take antihypertensive
medications were more likely to meet the elevated-glucose cri-
terion, compared with men and women who reported sleeping 7
to 8 hours per night. Meeting the elevated-triglyceride criterion
was more common in short (between 6 and 7 hours per night)
but not in very short or long sleepers. Our cross-sectional re-
sults for sleep duration and the abdominal-obesity and glucose
components of the metabolic syndrome are consistent with the
results of several prospective epidemiologic studies that have
linked sleep duration to subsequent weight gain and diabetes
risk.">!23 Although others have reported univariate associa-
tions between sleep duration and lipids, relationships have not
remained significant after adjustment for other cardiometabolic
risk factors.*'#!# Thus, our findings related to short sleep dura-
tion and elevated triglyceride levels must be considered pre-
liminary.
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Although several epidemiologic studies have reported signif-
icant associations between sleep duration and prevalent or inci-
dent hypertension,>** sleep duration was unrelated to the blood
pressure component of the metabolic syndrome in our midlife
sample of men and women. The significant National Health
and Nutrition Examination Survey-I, Sleep Heart Health Study,
and Whitehall II results were observed in samples of more than
4000 and results were shown to be age and sex specific, which
might suggest that our study may have been underpowered to
evaluate relationships between sleep duration and the blood-
pressure component of the metabolic syndrome. Certainly,
laboratory studies have demonstrated that sleep curtailment or
deprivation acutely increases blood pressure in normotensive
adults.*** Finally, presumed sleep debt, which was operation-
alized as a weekend-to-weekday difference in sleep duration
of longer than 1 hour, regardless of whether the sleep debt was
“paid” on the weekend or weekday night, was unrelated to the
metabolic syndrome and its components. This was somewhat
surprising given robust associations among short sleep dura-
tion and indices of cardiometabolic risk in this and other stud-
ies. These results suggest that short sleep duration cannot be
presumed to reflect sleep debt and/or sleep debt must be more
systematically measured.

Abdominal obesity and elevated glucose were among the
individual metabolic syndrome components most strongly
associated with short sleep duration in the present study. Al-
though our cross-sectional data cannot address questions of
causality, experimental studies suggest that sleep restriction
may promote weight gain and alter glucose metabolism.*” One
study® demonstrated that experimental sleep restriction altered
the dynamic balance between leptin, which promotes satiety,
and ghrelin, which stimulates appetite. The increased ghrelin-
to-leptin ratio was strongly associated with increased reports
of hunger and appetite for calorie-rich and carbohydrate-dense
foods.S Experimental sleep restriction has similarly been shown
to elicit clinically significant decreases in glucose tolerance in
lean young men.* Because the present sample of midlife men
and women was older, less healthy, and more overweight than
were the participants in the experimental sleep-restriction stud-
ies, we conducted sensitivity analyses to evaluate relationships
between sleep duration and abdominal obesity, not confounded
by elevated glucose, and vice-versa. In the present sample,
the cross-sectional relationship observed between short sleep
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duration and abdominal obesity was independent of elevated
glucose and use of antihypertensive medication. Relationships
between short sleep duration and the glucose component of the
metabolic syndrome were independent of abdominal obesity
and use of antihypertensive medication. Consistent with those
of the experimental sleep-restriction studies, our results sup-
port independent links between short sleep duration and both
abdominal obesity and alterations in glucose metabolism. That
these risk factors act synergistically to promote cardiometa-
bolic disease suggests that sleep duration, if causally linked to
abdominal obesity and alterations in glucose metabolism, may
play an important mechanistic role in the development of car-
diometabolic disease.

Other less-studied behavioral and physiologic pathways
linking short sleep duration to components of the metabolic
syndrome include increased opportunity for eating, increased
physiologic arousal, and increased inflammation.>*>! Although
intriguing, the behavioral hypothesis that short sleepers gain
weight and develop type 2 diabetes because they have more op-
portunities to eat has not been fully explicated. Although short
sleepers may indeed have more time to eat, they also have more
opportunities to engage in a host of health behaviors known to
increase or decrease cardiometabolic risk, including smoking,
alcohol and caffeine use, and increased physical activity, and
more opportunities to engage in social support. Although our
analyses adjusted for smoking and physical activity, relation-
ships among short sleep duration, health behaviors, and car-
diometabolic risk are undoubtedly complex and warrant further
empirical evaluation. Other physiologic pathways that may play
a role in the link between short sleep duration and cardiometa-
bolic risk include autonomic nervous system dysregulation, in-
creased activity of the hypothalamic-pituitary-adrenal axis, and
increased inflammation.’**

The evidence linking long sleep duration to cardiometabol-
ic risk is mixed. Aside from the few studies that have reported
increased incidence of type 2 diabetes in long sleepers,'®?
others have reported increased major depression and lower
socioeconomic status in long sleepers.’’**3 More recently,
Williams and colleagues reported that C-reactive protein was
a significant correlate of long sleep duration in women with
type 2 diabetes and no documented history of heart disease or
stroke.* They hypothesized that proinflammatory cytokines
actively increase sleep duration as an adaptive mechanism to
promote recovery. We found little support for a link between
long sleep duration and cardiometabolic risk. Multivariate
models revealed only two significant relationships between
long sleep duration, defined as 8 hours or more of sleep, and
the metabolic syndrome: compared to men and women who
slept 7 to 8 hours per night, long sleepers were more likely to
meet criteria for the metabolic syndrome and the elevated-glu-
cose criterion. These results were no longer significant with
adjustment for use of antihypertensive medication, which has
been shown to impact fasting blood glucose levels. Similar
to Williams et al,* we found that long sleepers who were not
taking antihypertensive medication were more likely to meet
the criteria for low HDL cholesterol. Others have hypothe-
sized that long sleep duration is a proxy for sleep disordered
breathing and that sleep apnea drives the relationship between
long sleep duration and health outcomes.’** Furthermore,
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sleep apnea is itself associated with heightened risk for the
metabolic syndrome.”® Measures of sleep apnea, including
snoring, were not available in the AHAB cohort, so we were
unable to evaluate the extent to which observed relationships
between sleep duration and cardiometabolic risk were robust
to adjustment for sleep disordered breathing. However, recent
reports from the Sleep Heart Health Study and Wisconsin
Sleep Cohort indicate that individuals with long sleep dura-
tions do not have significantly elevated symptoms of sleep
disordered breathing, as compared with individuals with short
sleep durations.**¢ Although the present sample was gener-
ally healthy, unrecognized morbidity, including sleep apnea,
or adverse health behaviors may have contributed to observed
relationships between long sleep duration and the metabolic
syndrome.

The limitations of the present study and the published lit-
erature suggest several directions for future research regarding
the relationship between sleep and the metabolic syndrome. As
already noted, the cross-sectional nature of these data precludes
causal inferences regarding the relationship between sleep du-
ration and the metabolic syndrome. Additional experimental
and prospective observational studies are needed to evaluate
the extent to which sleep duration affects, or is affected by,
the metabolic syndrome, abdominal obesity, glucose and lipid
metabolism, and blood pressure. Although the present study
evaluated a community sample of healthy adults, relationships
between sleep and the metabolic syndrome might differ in im-
portant ways in other populations. For instance, the present re-
sults cannot be generalized to adults with medical or psychiat-
ric morbidities not included in the AHAB sample (e.g., patients
with bipolar disorder or schizophrenia, who are at increased
risk for the metabolic syndrome and cardiometabolic disease).
Additionally, these results cannot be generalized to other races
and ethnic groups with different cardiometabolic risk profiles or
different sleep patterns. In terms of future research, evaluation
of relationships between sleep duration and early markers of
cardiometabolic risk in adolescents and young adults would be
especially helpful for teasing out confounds related to morbid-
ity and lifestyle factors. In future studies it will be important
to evaluate other dimensions of sleep (e.g., sleep continuity,
sleep architecture, sleep debt) beyond sleep disordered breath-
ing, sleep quality, and sleep duration that may be related to the
metabolic syndrome and its component risk factors. Finally,
identification of the proximal behavioral and biologic pathways
by which sleep affects components of the metabolic syndrome
is essential to developing treatment strategies to augment be-
havioral and pharmacologic interventions for cardiometabolic
disease.
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