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Study Objectives: We evaluated associations among subjective and objective measures of sleep and the metabolic syndrome in a multi-ethnic
sample of midlife women.

Design: Cross-sectional study.

Setting: Participants’ homes.

Participants: Caucasian (n = 158), African American (n = 125), and Chinese women (n = 57); mean age = 51 years. Age range = 46-57 years.
Interventions: None.

Measurements and Results: Metabolic syndrome was measured in the clinic and sleep quality was assessed by self-report. Indices of sleep
duration, continuity/fragmentation, depth, and sleep disordered breathing were assessed by in-home polysomnography (PSG). Covariates included
sociodemographics, menopausal status, use of medications that affect sleep, and self-reported health complaints and health behaviors known to
influence metabolic syndrome risk. Logistic regression was used to test the hypothesis that the metabolic syndrome would be associated with
increased subjective sleep complaints and PSG-assessed sleep disturbances. In univariate analyses, the metabolic syndrome was associated with
decreased sleep duration and efficiency and increased NREM beta power and apnea-hypopnea index (AHI). After covariate adjustment, sleep ef-
ficiency (odds ratio [OR] = 2.06, 95% confidence interval [CI]: 1.08-3.93), NREM beta power (OR = 2.09, 95% ClI: 1.09-3.98), and AHI (OR = 1.86,
95% Cl: 1.40-2.48) remained significantly associated with the metabolic syndrome (odds ratio values are expressed in standard deviation units).
These relationships did not differ by race.

Conclusions: Objective indices of sleep continuity, depth, and sleep disordered breathing are significant correlates of the metabolic syndrome in

midlife women, independent of race, menopausal status and other factors that might otherwise account for these relationships.

Keywords: Sleep, metabolic syndrome, midlife women, race, obesity

Citation: Hall MH; Okun ML; Sowers M; Matthews KA, Kravitz HM; Hardin K; Buysse DJ; Bromberger JT; Owens JF; Karpov I; Sanders MH. Sleep
is associated with the metabolic syndrome in a multi-ethnic cohort of midlife women: the SWAN Sleep Study. SLEEP 2012;35(6):783-790.

INTRODUCTION

The menopausal transition represents a period of increased
risk for the metabolic syndrome, a cluster of interrelated risk
factors for incident cardiovascular disease, type 2 diabetes,
and mortality."* Identification of the biobehavioral pathways
through which the menopausal transition increases risk for the
metabolic syndrome is critical to primary and secondary pre-
vention of cardiovascular disease and type 2 diabetes, which
are leading causes of morbidity and mortality in mid- and late-
life women.*”

Sleep represents a biologically plausible, modifiable, and
underexplored pathway through which the menopausal tran-
sition may increase risk for the metabolic syndrome and its
consequences to cardiometabolic disease. Subjective sleep
complaints, including reports of insomnia, difficulty initiating
and maintaining sleep, and dissatisfaction with sleep quality,
increase during the menopausal transition.'™!" Similarly, in-
creases in sleep disordered breathing have been strongly linked
to the menopausal transition.'** While some studies have
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failed to show significant differences in objective measures
of sleep based on menopausal status,'*!* others have reported
increased sleep fragmentation in peri- or postmenopausal
women.'*!'” Based on a single night of laboratory PSG studies
in the predominantly Caucasian Wisconsin Sleep Cohort (n =
589), Young and colleagues reported that, despite greater dis-
satisfaction with their sleep, peri- and postmenopausal women
had more slow wave sleep than premenopausal women.'® This
paradoxical finding may reflect a re-equilibration of hormones
and their influence on sleep duration, continuity/fragmentation,
and depth following the menopausal transition."

Emerging evidence suggests that the dimensions of sleep
that change during the menopausal transition are linked with
the metabolic syndrome. For instance, two recent cross-sec-
tional studies observed that individuals who reported sleeping
less than 6 hours or more than 8 hours per night were more
likely to meet metabolic syndrome criteria than individuals
who reported between 7 and 8 hours of sleep per night.?*!
These analyses were based on retrospective, self-report ques-
tions about sleep duration, which may or may not reflect physi-
ological processes that underlie sleep. More recently, Nock and
colleagues used structural equation modeling to evaluate rela-
tionships among laboratory-assessed sleep and components of
the metabolic syndrome in 533 adults (mean age ~ 40 years)
with mild to moderate sleep apnea.” Their results suggest that
sleep fragmentation, decreased slow wave sleep and sleep dis-
ordered breathing co-aggregate with features of the metabolic
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syndrome, including obesity, insulin resistance, elevated blood
pressure, and dyslipidemia. Although causal inferences cannot
be drawn from these cross-sectional studies, mounting evidence
from longitudinal and experimental studies suggests that sleep
deprivation or curtailment, sleep fragmentation, selective re-
striction of slow wave sleep, and sleep disordered breathing
are causally linked to key components of the metabolic syn-
drome including increased blood pressure, glucose dysregula-
tion, and changes in metabolism that favor weight gain.»* We
have also shown that self-reported difficulty falling asleep and
loud snoring were prospectively associated with the develop-
ment of the metabolic syndrome.*® The present study evaluated
cross-sectional associations among the sleep and the metabolic
syndrome in a community-based cohort of Caucasian, Chinese,
and African American women transitioning into the menopause.
We hypothesized that subjective sleep quality complaints and
PSG-assessed indices of sleep duration, continuity/fragmenta-
tion, depth, and sleep disordered breathing would be significant
correlates of the metabolic syndrome, after adjusting for race,
menopausal status and other factors that might otherwise ac-
count for these relationships. In light of marked racial/ethnic
differences in sleep and cardiometabolic disease risk, we also
evaluated whether relationships among sleep and the metabolic
syndrome differed by race/ethnicity.**'2

METHODS

Study Participants

Participants were drawn from the SWAN Sleep Study (n
= 368), a cross-sectional study of sleep in midlife women. It
is an ancillary study of the Study of Women’s Health Across
the Nation (SWAN), which is a community-based study of
the menopausal transition and its consequences to health and
functioning, as previously described. The SWAN Sleep Study
enrolled a cohort of 370 Caucasian, African-American and
Chinese participants from 4 study sites in the United States:
Chicago, IL; Detroit area, MI; Oakland, CA; and Pittsburgh,
PA. Exclusions for the SWAN Sleep Study were: current meno-
pausal hormone replacement therapy (MHT) use; current che-
motherapy or radiation; current oral corticosteroid use; regular
night shiftwork; regular consumption of > 4 alcoholic drinks/
day; and noncompliance with Core SWAN procedures. Meta-
bolic syndrome data were not available in 28 Sleep Study par-
ticipants; these participants did not differ from participants for
whom metabolic syndrome data were available with regard to
age, race, menopausal status, body mass index, subjective sleep
quality or PSG-assessed indices of sleep duration, continuity/
fragmentation, depth or sleep disordered breathing. Informed
consent was obtained in accordance with approved protocols
and guidelines of the institutional review board at each partici-
pating institution. Participants received monetary compensa-
tion for their participation.

Study Protocol

Unattended PSG sleep studies were conducted in partici-
pants’ homes on the first 3 nights of the SWAN Sleep Study.?!
Women who were regularly cycling were studied within 1 week
of the start of their menstrual cycle. Participants whose cycles
were irregular or who were postmenopausal were studied at

SLEEP, Vol. 35, No. 6, 2012

their convenience. Study staff visited participants in their homes
on each night of sleep studies to apply electrodes and calibrate
monitors. Participants slept in their own beds, under their usual
circumstances, at their habitual sleep and wake times, as deter-
mined by self-report. Participants turned off the PSG recorder
and removed study equipment upon awakening in the morning.
Self-report data were collected concurrently with sleep studies.

Sleep

Measures of sleep included subjective sleep quality and
PSG-assessed indices of sleep duration, continuity/fragmen-
tation, depth, and sleep disordered breathing. The referent for
the 19-item self-report Pittsburgh Sleep Quality Index (PSQI)*
was the month prior to sleep studies. The range of scores on the
PSQI was 0-21, with higher scores reflecting greater subjective
sleep quality complaints.

Polysomnographic sleep data were collected with Vitaport-3
(TEMEC VP3) ambulatory recorders. Signals collected on each
study night included bilateral central referential EEG channels
(C, and C,, referenced to A,-A,), electro-oculogram (EOG),
submentalis electromyogram (EMG), and electrocardiogram
(EKG). Additional signals were collected on the first night of
sleep studies for the assessment of sleep disordered breath-
ing (SDB; nasal pressure and oral-nasal thermistors, fingertip
oximeter, and abdominal and thoracic excursion, as measured
by inductance plethysmography to reflect ventilatory effort).
Quality assurance assessments, scoring, and processing of all
sleep study records was performed at the University of Pitts-
burgh Neuroscience - Clinical and Translational Research Cen-
ter (N-CTRC). Visual sleep stage scoring in 20-sec epochs was
conducted by trained PSG technologists with established reli-
ability, using standard scoring criteria** and American Academy
of Sleep Medicine recommendations.*

Measures of sleep duration and continuity/fragmentation
were averaged across Nights 2 and 3 due to within-subject vari-
ability in these parameters.* Total sleep time ([TST] sleep dura-
tion) was calculated as total minutes of any stage of sleep from
sleep onset to morning awakening. Although extremes of sleep
duration are often associated with adverse health outcomes,
including mortality and the metabolic syndrome,?*” TST was
evaluated as a continuous variable given the extremely low
prevalence of long sleepers in the SWAN Sleep Study sample
(only 10 participants had sleep duration > 480 min). Sleep ef-
ficiency (TST / time spent in bed x 100) and arousal index (Arl;
defined as an abrupt increase in EEG frequency lasting between
3 and 10 sec per hour of sleep) were used to quantify sleep
continuity/fragmentation. We used 2 measures derived from
power spectral analysis of the EEG to characterize sleep depth:
(1) increased relative NREM EEG power in the low-frequency
delta band (0.05-4.0 Hz/0.05-32.0 Hz) and (2) decreased rela-
tive NREM EEG power in the high-frequency beta band (16-32
Hz/0.05-32.0 Hz), which is an index of cortical arousal during
NREM sleep.’®* Delta and beta power were inversely corre-
lated with one another (r = -0.27, P < 0.001), and each was
significantly correlated with visually scored percent slow wave
sleep (r’s 0.53 and -0.26, respectively, P values < 0.001). These
data were derived from power spectral analysis of the EEG dur-
ing NREM sleep (Night 2 or 3 only, due to the within-subject
stability of quantitative EEG during NREM sleep).*® The 4p-
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nea-Hypopnea Index (|AHI] number of apneas + number of hy-
popneas/hours of sleep) was used to quantify sleep disordered
breathing.*

Metabolic Syndrome

The metabolic syndrome was assessed during annual Core
SWAN Study assessments.* Fasting blood draws were collected
during the morning hours; samples were assayed for glucose,
total cholesterol, high-density lipoprotein (HDL) cholesterol,
and triglycerides. Standardized protocols were used to measure
blood pressure and waist circumference. Briefly, blood pressure
was recorded using standard mercury sphygmomanometers
following a 5-min rest in the seated position. Two sequential
readings were taken on the right arm, with a 2-min intervening
rest; these measures were averaged for each participant. Waist
circumference at the umbilicus was measured with participants
in nonrestrictive undergarments. Based on National Cholesterol
Education Program (NCEP) Adult Treatment Panel 111 (ATP III)
guidelines for women,*' the metabolic syndrome was defined as
the presence of > 3 of the following criteria: (1) waist circum-
ference > 88 cm for Caucasian and African American partici-
pants and > 80 cm for Chinese participants; (2) blood pressure
> 130 mm Hg systolic, > 85 mm Hg diastolic, or use of antihy-
pertensive medication; (3) fasting serum glucose > 100 mg/dL
(or having ever been classified as diabetic); (4) serum triglycer-
ides > 150 mg/dL or medication for hypertriglyceridemia; and
(5) HDL cholesterol < 50 mg/dL or use of medication for low
HDL cholesterol. The present analyses used each participant’s
metabolic syndrome status from the annual Core SWAN Study
assessment immediately preceding their sleep study (median
number of months between Core SWAN and Sleep Study as-
sessments = 3.6 months).

Covariates

Potential covariates included sociodemographics, menopaus-
al status, and indices of health and health behaviors previously
associated with the metabolic syndrome in midlife women.
Age and race/ethnicity (non-Hispanic Caucasian, Chinese, or
African American) were established by self-report. Menstrual
bleeding patterns were used to characterize menopausal status,
according to World Health Organization criteria.*> Educational
attainment, rather than income, was used as an indicator of so-
cioeconomic status (SES) due to geographic disparities in earn-
ings and cost of living across study sites.*' Marital status at
the time of sleep studies was coded as “married or living as
married” or “unmarried,” including participants who were sin-
gle, separated, divorced, or widowed. Self-reported symptoms
of depression were measured concurrently with in-home sleep
studies using the 16-item Inventory of Depressive Symptom-
atology (IDS).* The IDS, minus sleep items, was calculated as
a continuous variable. Health complaints were dichotomized as
“fair” or “poor” versus “good” or “excellent” based on the dis-
tribution of responses to the single-item general health rating of
the SF-36.* Health behaviors were assessed by daily diary re-
ports of smoking (any nicotine use was coded as “yes”), alcohol
use (any alcohol use was coded as “yes”), and regular exercise
(reports of exercising > 3 times a week were coded as “regu-
lar exercise”). Medication use, recorded at the time of sleep
studies, was coded according to the World Health Organization
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ATC classification (http://www.whocc.no/atcddd). For the pres-
ent report “medications that affect sleep” were considered to be
those products associated with the following ATC classification
codes: NO2A (opioids), NO3A (antiepileptics), NO5B (anxiolyt-
ics), NO5SC (hypnotics and sedatives), NO6A (antidepressants),
and RO6A (antihistamines). Use of medications that affect sleep
was dichotomized as “present” or “absent.”

Statistical Analyses

Descriptive statistics were used to characterize the study
sample based on presence or absence of the metabolic syn-
drome. Differences were evaluated by y* tests for categori-
cal variables or analysis of variance for continuous variables.
Skewed variables were successfully transformed prior to test-
ing study hypotheses (see Table footnotes). One-way analysis
of variance was used to evaluate univariate associations be-
tween sleep and the metabolic syndrome. To reduce the num-
ber of statistical comparisons, only those sleep measures that
were significant in univariate analyses were further tested in
multivariate analyses. In this subset of measures, multivariate
logistic regression was used to test the hypothesis that sleep is
a significant correlate of the metabolic syndrome, after adjust-
ing for race, menopausal status, educational attainment, marital
status, health complaints, use of medications that affect sleep,
smoking, alcohol use, and regular exercise. Age and symptoms
of depression were not included as covariates as they were un-
related to metabolic syndrome status (P values > 0.20). Sepa-
rate models were used for each sleep measure given modest
correlations among measures (r values < 0.20). Because obesity
is strongly associated with sleep and individual components of
the metabolic syndrome, BMI > 30 was included as an addi-
tional covariate in a second set of logistic regression models to
evaluate whether obesity attenuated relationships between sleep
and the metabolic syndrome. A final set of models included an
interaction term for race, with a level set at P < 0.01 due to the
number of comparisons; these analyses were conducted in Afri-
can Americans and Caucasians only, due to the limited number
of Chinese participants with the metabolic syndrome (n = 11).

RESULTS

As shown in Table 1, prevalence of the metabolic syndrome
in this sample of midlife women was 30.9%. Among those with
the metabolic syndrome, 94% met the waist circumference cri-
terion, 77% met the blood pressure criterion, 77% met the HDL
criterion, 58% met the triglycerides criterion, and 54% met
the glucose criterion. Prevalence of the metabolic syndrome
differed by race, with the highest and lowest rates in African
American and Chinese participants, respectively. The meta-
bolic syndrome was more prevalent in participants who were
heavier, did not exercise regularly, and who reported “fair” or
“poor” health. In contrast, the metabolic syndrome was less
prevalent in participants who were married or living as married
and reported some alcohol use.

In univariate analyses (see Table 2), participants with the
metabolic syndrome spent less time asleep (15 min, on aver-
age) and had poorer sleep efficiency and greater relative EEG
beta power during NREM sleep than those without the meta-
bolic syndrome. Moreover, the mean AHI in participants with
the metabolic syndrome was double that observed in partici-
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Table 1—Sample characteristics according to the absence or presence of the metabolic syndrome

Metabolic Syndrome

Absent (69.1%) Present (30.9%)
Percent (N) Percent (N) P-value
Race (n = 340) 0.01
Caucasian 48.5% (114) 41.9% (44)
African American 31.9% (75) 47.6% (50)
Chinese 19.6% (46) 10.5% (11)
Menopausal Status (n = 340) 0.15
Pre or Early Perimenopausal 63.8% (150) 55.2% (58)
Late Perimenopausal or Postmenopausal 36.2% (85) 44.8% (47)
Education (n = 335) 0.08
College Graduate or More 54.5% (126) 44.2% (46)
Some College or Less 45.5% (105) 55.8% (58)
Married/Partnered (n = 332) 0.03
Yes 65.9% (151) 53.4% (55)
No 34.1% (78) 46.6% (48)
Perceived health (n = 333) 0.001
Good to Excellent 90.9% (210) 76.5% (78)
Fair to Poor 0.9% (21) 23.5% (24)
Medications that affect sleep 0.94
No 73.0% (170) 72.3% (74)
Yes 27.0% (63) 27.5% (28)
Smoker (n = 335) 0.15
No or Not Current 91.4% (213) 86.3% (88)
Current 8.6% (20) 13.7% (14)
Alcohol Use 0.01
None 43.6% (102) 59.8% (61)
> 1 Alcoholic Drink/Week 56.4% (132) 40.2% (41)
Regular Exercise 0.01
Yes 42.3% (99) 25.5% (26)
No 57.7% (135) 74.5% (76)
Mean (SD) Mean (SD)
Age (years) 512 (2.1) 51.3(2.1) 0.66
Body Mass Index (BMI) 27.3(6.3) 35.4 (7.3) 0.001
Symptoms of Depression (IDS)’ 47(29) 5.34 (3.3) 0.95

Square-root transformed for analyses.

Table 2—Sleep characteristics according to the absence or presence of the metabolic syndrome

Metabolic Syndrome

Absent (69.1%) Present (30.9%)
Mean (SD) Mean (SD) P-value

Self-Report Sleep

Sleep Quality Complaints (PSQI) 5.8(3.3) 6.2 (3.3) 0.25
Polysomnography

Total Sleep Time (TST: hours) 6.3(0.9) 6.2 (1.1) 0.03

Sleep Efficiency (SE; percent)' 85.5(7.0) 81.9(9.9) 0.001

Arousal Index (events/TST)' 8.7(5.1) 9.4 (7.0) 0.72

Relative NREM Delta (0.5-4Hz/0.5-32 Hz) 0.77 (0.06) 0.77 (0.08) 0.84

Relative NREM Beta (16-32Hz/0.5-32 Hz)' 0.01(0.01) 0.02 (0.01) 0.01

Apnea-Hypopnea Index (AHI events/hour)' 8.0 (13.0) 16.3 (18.7) 0.001

'Log transformed (natural log) for analyses.
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PSG-Assessed Sleep
Sleep Duration (hours)
Poor Sleep Efficiency (percent)®
Relative QEEG NREM Beta (16-32 Hz/0.5-32 Hz)?
Apnea-Hypopnea Index (AHI events/hour)®

variable, while adjusting for covariates.

Table 3—Multivariate associations among sleep characteristics and the metabolic syndrome

Odds Ratio (95% Confidence Interval)

0.89 (0.69 - 1.15) 0.93(0.71-1.22)
1.38 (1.05 - 1.83) 1.40 (1.04 - 1.89)
1.45 (110 - 1.91) 1.45 (1.08 - 1.95)
1.87 (1.40 - 2.51) 1.73(1.26 - 2.37)

Model 1 covariates were: race, menopausal status, education, marital status, health complaints, use of medications that affect sleep, smoking, alcohol use,
and exercise; 2Model 2 included Model 1 covariates plus obesity (BMI = 30); *Variables were log-transformed (natural log) prior to analyses, odds ratio values
for transformed variables represent the odds of meeting the metabolic syndrome criterion associated with a variation of 1 standard deviation in the predictor

Model 1! Model 22

Odds Ratio (95% Confidence Interval)

pants without the metabolic syndrome. This relationship was
also evaluated using an AHI cutoff score > 15 for clinically
significant sleep apnea. The metabolic syndrome was present
in 56.7% of participants with clinically significant sleep apnea,
compared to 23.5% of participants whose AHI was < 15 (> =
28.05, P < 0.001). Subjective sleep quality, arousal index, and
relative EEG delta power during NREM sleep were unrelated to
the metabolic syndrome.

Results for multivariate logistic regression models, which
adjusted for race, menopausal status, educational attainment,
marital status, health complaints, medications that affect sleep,
smoking, alcohol use and regular exercise, are shown in Table 3
(Model 1). Decreased sleep efficiency, increased NREM beta
power, and increased AHI were each associated with increased
odds for having the metabolic syndrome. To enhance inter-
pretability of effects for these transformed variables, units of
change for odds ratios and confidence intervals are standard
deviation units. Thus, the AHI power estimate of 1.87 suggests
that metabolic syndrome odds in midlife women nearly dou-
bled for each one standard deviation increase in AHI. Similarly,
a midlife woman was 1.38 and 1.45 times more likely to meet
criteria for the metabolic syndrome for every standard devia-
tion decrease in sleep efficiency and every standard deviation
increase in relative beta power, respectively. Sleep efficiency,
NREM beta power, and AHI were then entered simultaneously
in a multivariate model to evaluate their independent associa-
tion with the metabolic syndrome. Both sleep efficiency and
AHI were independent correlates of the metabolic syndrome
(sleep efficiency OR in SD units = 1.38, 95% CI: 1.02 — 1.89;
AHI OR in SD units = 1.85, 95% CI: 1.36 — 2.52). In contrast,
the relationship between NREM beta power and the metabolic
syndrome was no longer significant (OR in SD units = 1.31,
95% CI: 0.98 — 1.76) when all 3 sleep measures were included
in a single model. None of the interactions for race were statisti-
cally significant (results not shown).

A final set of models evaluated whether associations among
sleep and the metabolic syndrome were independent of obesity.
As shown in Model 2 of Table 3, the inclusion of obesity (BMI
>30) as an additional covariate in a second set of multivariate
logistic regression models did not attenuate significant associa-
tions among sleep efficiency, NREM beta power, or AHI with
the metabolic syndrome. Results for sleep disordered breath-
ing were similar when a clinical cutoff score of AHI > 15 was
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used (OR in SD units = 2.87, 95% CI 1.43 — 5.76). When BMI
was considered as a continuous variable, sleep efficiency and
NREM beta power remained significantly associated with the
metabolic syndrome (sleep efficiency OR in SD units = 1.47,
95% CI: 1.06 — 2.04; NREM beta power OR in SD units =
1.54, 95% CI: 1.11 — 2.12). The effects of AHI in this model
approached, but did not reach, statistical significance (OR in
SD units = 1.36, 95% CI: 0.97 — 1.92).

DISCUSSION

We are not aware of any published study that has evaluated
relationships among subjective and objective measures of sleep
with the metabolic syndrome in midlife women, who are at in-
creased risk for developing the metabolic syndrome and inci-
dent cardiometabolic disease.'* As hypothesized, the metabolic
syndrome was more prevalent in women whose sleep was light-
er and more fragmented, as measured by increased NREM beta
power and decreased sleep efficiency. Sleep disordered breath-
ing, as measured by the continuous apnea-hypopnea index or
a clinical cutoff score of AHI > 15, was also robustly associ-
ated with the metabolic syndrome. Moreover, when evaluated
simultaneously, both sleep efficiency and AHI emerged as
significant, independent correlates of the metabolic syndrome.
The richness of the SWAN database allowed us to establish that
these associations were independent of other known metabolic
syndrome risk factors, including race, menopausal status, edu-
cation and marital status, use of medications that affect sleep,
self-reported health complaints and health behaviors, and obe-
sity. These associations were similar in African American and
Caucasian participants; the limited number of Chinese partici-
pants with the metabolic syndrome precluded evaluation of this
group separately.

Despite differences in sample characteristics, measures and
methods, these results are consistent with Nock and colleagues’
hierarchical model of the metabolic syndrome.?* Brief arousals
from sleep, as measured by the arousal index, were a significant
component of the metabolic syndrome in Nock et al.’s Cleve-
land Family Sleep Study sample. Brief arousals were less com-
mon in our sample (mean arousal index = 8.89 + 6.69 versus
14.20 + 8.03 in the female subsample of the Cleveland Family
Sleep Study) and were unrelated to the metabolic syndrome.
However, our sample of midlife women did experience marked
and sustained wakefulness after sleep onset and poor sleep ef-
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ficiency.®! The significant association between sleep efficiency
and the metabolic syndrome in our sample is consistent with
other studies that have reported an inverse association between
actigraphy-assessed sleep efficiency and the metabolic syn-
drome or its components (e.g., increased blood pressure, drug-
resistant hypertension, type 2 diabetes).**

Both studies found significant associations among the
metabolic syndrome and indices of sleep depth. Although
decreased slow wave sleep percent emerged as a significant
component of the metabolic syndrome in the Cleveland Fam-
ily Sleep Study sample, it was unrelated to the metabolic
syndrome in our sample of midlife women.'**' One pos-
sible explanation for these discrepant results is that midlife
women generate proportionally less slow wave sleep than that
observed in female participants the Cleveland Family Sleep
Study sample who were, on average, ten years younger than
the SWAN Sleep Study sample. In contrast to our null findings
for EEG delta power, we did find a reliable and robust result
for its inverse, relative EEG beta power, which is a measure of
cortical arousal during NREM sleep.*” Specifically, each stan-
dard deviation increase in relative EEG beta power was asso-
ciated with a nearly 50% increase in the metabolic syndrome
in our sample of midlife women. This relationship was ob-
served independent of total EEG power, the majority of which
is attributed to slow wave activity.* That relative beta power
emerged as a significant correlate of the metabolic syndrome
suggests that increased cortical arousal during NREM sleep
is a more significant correlate of the metabolic syndrome in
midlife women than are EEG slow waves.

Sleep disordered breathing, as measured by AHI, was a
significant component or correlate of the metabolic syndrome
in both studies. In both studies, the link between sleep disor-
dered breathing and the metabolic syndrome was independent
of obesity as defined by a BMI > 30. Independence from this
confounder is critical to the hypothesis that sleep disordered
breathing is associated with and may contribute to the develop-
ment of the metabolic syndrome, as obesity is a major risk factor
for sleep apnea as well as dyslipidemia, insulin resistance, and
hypertension (see reviews by Franssen et al., Kurukulasuriya et
al., Pi-Sunyer, and Reaven®*?). Indeed, animal models of sleep
disordered breathing have experimentally shown that intermit-
tent hypoxia produces insulin resistance, dyslipidemia, and
elevated blood pressure independently of obesity (see reviews
by Dematteis et al., Drager et al., Kanagy, and O’Donnell3*7).
The independent association between AHI and the metabolic
syndrome was attenuated when BMI was considered as a con-
tinuous covariate in the present sample. However, this is likely
related to overcontrol in the model, since BMI and AHI were
highly co-linear. Similar findings regarding the association
between BMI, sleep apnea, and the metabolic syndrome have
been reported in the Wisconsin Sleep Cohort.*

Although cross-sectional, these results are consistent with
experimental studies that have documented increased blood
pressure, glucose dysregulation, dyslipidemia, upregulation of
lipid biosynthesis, and changes in metabolism that favor weight
gain in response to sleep deprivation, curtailment, fragmenta-
tion, intermittent hypoxia, and selective restriction of deep
sleep.26-2*5%60 Potential physiological pathways linking the
metabolic syndrome with sleep that is fragmented, light, and/or
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occurs in the context of sleep disordered breathing include HPA
axis and/or sympathetic nervous system activation, inflamma-
tion, and oxidative stress, which have been implicated in the
regulation of blood pressure, glucose and lipid metabolism,
and selective accumulation of visceral fat.®"-®* Although less
often considered, disturbed sleep may also increase metabolic
syndrome risk through psychological and behavioral pathways
such as mood dysregulation, fatigue, and poor health behaviors
including a diet high in fat and carbohydrates, physical inactiv-
ity, and smoking 286467

The extent to which this relationship is causal and the path-
ways by which sleep disturbance contributes to the metabolic
syndrome are relevant to the etiology and prevention of cardio-
metabolic disease and represent an important direction for sys-
tematic research. We have recently reported that self-reported
difficulty falling asleep and loud snoring were prospectively as-
sociated with the development of the metabolic syndrome.* Yet
self-reports do not reliably assess specific objectively assessed
dimensions of sleep shown in this and previous cross-sectional
studies to be associated with the metabolic syndrome.? Pro-
spective studies using objective measures of sleep continuity,
depth, and sleep disordered breathing are needed to identify
specific dimensions of sleep associated with the metabolic syn-
drome. If prospective studies demonstrate a linear relationship
between sleep apnea and incident metabolic syndrome, even
modest decreases in symptoms of sleep apnea might positively
influence cardiovascular and metabolic disease risk. Interven-
tions that consolidate deep, restorative sleep might similarly
prove to be cardioprotective.

These results cannot be generalized to men, other racial/eth-
nic groups or younger/older populations whose sleep and car-
diovascular disease risk profiles differ significantly from midlife
Caucasian, Chinese, and African American women. Moreover,
although state-of-science measures were used to quantify sleep,
2 or 3 nights of PSG data may not represent habitual sleep pat-
terns or chronicity of sleep disturbances. These issues are im-
portant given that the metabolic syndrome and cardiometabolic
disease develop over years and decades. Certainly, large, pro-
spective studies in generalizable samples across the lifespan are
needed to characterize the temporal relationships among sleep
and the metabolic syndrome. Finally, the cross-sectional nature
of this study precludes attributions of causality.

The present study has several notable strengths. Data were
drawn from a large, community-based sample of African
American, Chinese, and Caucasian women at high risk for the
metabolic syndrome due to changes in sex hormones and ac-
cumulation of visceral fat which characterize the menopausal
transition. The size and rich nature of the SWAN dataset pro-
vided the opportunity to evaluate relationships among sleep
and the metabolic syndrome independent of sociodemographic,
health, and health behaviors previously associated with risk
for the metabolic syndrome. We were, similarly, able to evalu-
ate the possibility that the sleep-metabolic syndrome relation-
ship differed by race. The use of polysomnography provided
objective measures of sleep disordered breathing, sleep dura-
tion, sleep continuity/fragmentation, and quantitative indices of
sleep depth. Finally, the use of in-home PSG provided more
ecologically valid indices of sleep in contrast to the more artifi-
cial context of laboratory-based sleep studies.
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In summary, our data extend previous studies of sleep and
the metabolic syndrome by demonstrating that PSG-assessed
indices of sleep are significant correlates of the metabolic syn-
drome in African American, Chinese, and Caucasian women
transitioning through the menopause. Components of sleep
associated with the metabolic syndrome included sleep disor-
dered breathing, poor sleep continuity, and “lighter” sleep as
measured by fast frequency EEG power. At a practical level,
individuals and their physicians should be aware that sleep dis-
turbances beyond sleep disordered breathing might confer in-
creased risk for the metabolic syndrome and vice versa. Future
studies are needed to evaluate causal pathways linking sleep
to the metabolic syndrome, including the physiological, psy-
chological, and behavioral mechanisms that underlie these rela-
tionships. Also needed are prospective studies and randomized
clinical trials that examine whether objectively assessed sleep
disturbances are associated with incident metabolic syndrome
and its cardiovascular and metabolic consequences and whether
interventions to improve sleep in at-risk individuals have meta-
bolic and cardioprotective effects.
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