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Objectives: Self-reported sleep duration has been linked to body mass index (BMI) and waist circumfer-
ence in previous work; however, data regarding if these associations are stronger in men or women have
been mixed, and few studies have objectively measured sleep. We investigated self-reported and
actigraphy-assessed sleep characteristics in relation to BMI and waist circumference and examined the
extent to which these associations differ by gender.

Design: Archived cross-sectional data collected from 2004 to 2006 from the National Survey of Midlife

I;‘lwo;isr"ation Development in the United States (MIDUS) Biomarkers Study were used. Participants included 1248
Actigpraphy adults (43% men) who reported their habitual sleep duration, and a subset of participants (N =441;

40% men) who underwent seven nights of wrist actigraphy.

Results: Self-reported total sleep time (TST), actigraphy-assessed TST, and actigraphy-assessed sleep
efficiency (SE) were inversely associated with BMI in the full sample of both men and women. Gender
moderated associations between actigraphy assessments of sleep and anthropometric variables;
however, TST and SE were related to BMI and waist circumference in women only. Associations between
sleep and waist circumference were independent of BMI.

Conclusions: Sleep duration and sleep continuity are associated with body weight and distribution of

Body mass index
Waist circumference
Gender

Women

body fat, but these associations were stronger or were only present in women.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

A cross-sectional association between reported sleep duration
and body mass index (BMI) has been well-established over the past
decade. A 2008 meta-analysis of 17 studies demonstrated that
adults reporting five or fewer hours of sleep per night were at
higher odds of being obese, and that every additional hour of sleep
was associated with a .35 kg/m? decrease in BMI [1]. A smaller
literature suggested that shorter sleep also may be related to
higher waist circumference, which correlates with cardiovascular
risk factors more closely than BMI, and that it is an independent
predictor of diabetes mellitus (DM), cardiovascular morbidity,
and mortality [2-11]. Approximately half of the studies that have
investigated sleep and waist circumference suggest that the two
are related and are independent of BMI [2,7,9].

* Corresponding author. Address: Psychiatry and Human Behavior (Research),
The Miriam Hospital Weight Control and Diabetes Research Center, 196 Richmond
Street, Providence, RI 02904, United States. Tel.: +1 (401) 793 8010; fax: +1 (401)
793 8944.

E-mail addresses: JMccaffery@lifespan.org, jeanne_mccaffery@brown.edu
(J.M. McCaffery).

1389-9457/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.sleep.2013.08.784

There are gender differences in sleep, such that men have short-
er less efficient sleep yet report fewer sleep problems than women
[12]. However, it is unclear if sleep duration is differentially related
to anthropometric measures by gender. Several of the studies that
have examined gender-specific links in adult samples report that
associations of sleep with BMI and waist circumference are stron-
ger or exist only in women [13-15], while others report that the
links are stronger or only present in men [6,16-18]. Still others
have failed to observe differences by gender [19-21].

The bulk of the literature examining sleep in relation to BMI is
based on self-reported sleep, typically assessed by questionnaires
that inquire about habitual sleep duration. The correlation
between self-reported sleep and objectively measured sleep
duration is moderate [22,23], and inclusion of wrist actigraphy in
addition to subjective data may help identify the specific sleep
characteristics that are most closely related to obesity. For exam-
ple, several studies have shown that aspects of sleep continuity
that can be assessed with actigraphy such as sleep efficiency (SE)
also may correlate with BMI [20,24-27]. We are not aware of any
studies that have examined actigraphy-assessed SE in relation to
body fat distribution. Actigraphy assessment may be especially
informative when investigating gender differences in the links
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between sleep and body weight. The degree of agreement between
self-reported and actigraphy-assessed sleep duration has been
shown to vary by demographic and physical health factors, includ-
ing gender and obesity [28]. For instance, in the Coronary Artery
Risk Development in Young Adults study, individuals with a lower
BMI were more likely to overestimate their sleep duration relative
to actigraphy than individuals with a higher BMI [22]. Thus, it is
possible that individuals who weigh less are characterized as long-
er sleepers independent of actual sleep time, which could influence
the covariation of BMI and sleep duration based on self-report.

In our study, we investigated associations between sleep and
anthropometric variables using both subjective and objective mea-
sures of sleep. Specifically, we examined self-reported sleep duration,
actigraphy-assessed sleep duration, and actigraphy-assessed SE for
their associations with measured BMI and waist circumference in
a large sample of adults. We hypothesized that shorter less effi-
cient sleep would be associated with higher BMI and with higher
waist circumference. We then explored the extent to which these
associations differed between men and women.

2. Methods
2.1. Participants and design

Participants were from the Midlife in the United States (MIDUS)
I study, a longitudinal follow-up of the original MIDUS I study
(N=7108). The MIDUS I study began in 1994 and was designed
to investigate the role of psychosocial and behavioral factors in
physical and mental health differences in adults. From 2004-
2006, the Biomarker Project of MIDUS II was conducted to obtain
comprehensive biologic assessments in a subsample of MIDUS I
respondents. Participants were considered eligible for the Bio-
marker Project if they took part in the original MIDUS I study
and were able to travel to the clinical research site. Biomarker data
collection was performed at three General Clinical Research Cen-
ters (University of California Los Angeles, University of Wisconsin,
and Georgetown University). All analyses in our study used ar-
chived data from the MIDUS Il Biomarker Project subsample, which
included 1255 participants ages 34-84 years who provided in-
formed consent (as approved by The University of Wisconsin Mad-
ison Health Sciences Institutional Review Board). Fifty-seven
percent of participants were women and 93% reported their pri-
mary race group as white. Participants at all three sites provided
self-reported sleep duration data. Seven participants had missing
or incomplete self-reported sleep duration data and were excluded
from analyses, yielding a total sample size of 1248. Objective sleep
assessments, obtained with an Actiwatch wrist activity monitor,
were collected at one research site only (University of Wisconsin).
Thus analyses examining actigraphy assessments of sleep were
based on 441 participants.

2.2. Measures

2.2.1. Anthropometrics

Height, weight, and waist circumference were measured using a
standardized procedure. BMI was calculated by dividing body
weight in kilograms by height in meters squared. Waist circumfer-
ence was measured around the narrowest point between the ribs
and iliac crest and recorded to the nearest millimeter.

2.2.2. Sleep

Self-reported sleep duration was assessed using item 4 on the
Pittsburgh Sleep Quality Index (PSQI), a self-report instrument
developed to assess sleep quality over the past month [29]. The
PSQI item 4 asks: “During the past month, how many hours of

actual sleep did you get at night (This may be different than the
number of hours you spend in bed)?” Participants completed the
PSQI during or just before the clinic visit. In addition to completing
the PSQI, participants at University of Madison, WI, underwent an
actigraphy protocol, which included wearing a Mini Mitter Acti-
watch®-64 wrist monitor continuously for 7 consecutive days fol-
lowing the clinic visit, along with completing a daily sleep diary
over the same period. The Actiwatch was configured to collect
activity data in 30-s epochs. Data were downloaded and stored
in a database for processing with Actiware software. Sleep diary
data were used to identify the time that participants first tried to
fall asleep and the time that they finally woke. Actigraphy-assessed
total sleep time (TST) was defined as the total amount of minutes
scored as sleep in a given diary-defined interval. Actigraphy-as-
sessed SE was defined as the percentage of the interval that was
spent sleeping. Actigraphy-assessed TST and SE were averaged
across the seven nights of the study for use in analysis.

2.2.3. Gender and covariates

Gender was self-reported. Current smoking status and engage-
ment in regular physical activity (“Do you engage in regular exer-
cise, or activity, of any type for 20 min or more at least 3 times per
week?”) were determined by self-report and were dichotomously
coded. Archived data for sleep apnea were not available; therefore,
self-reports of sleep disturbance over the past month due to cough-
ing or snoring as assessed by PSQI item 11e was used as a proxy for
sleep-disordered breathing. Those who reported that coughing/
snoring disrupted their sleep one or more times per week were
compared to those that reported a disturbance less than once per
week or never. Depressive symptoms were continuously measured
with the Center for Epidemiological Studies Depression Scale [30].
Self-reported medical conditions were dichotomously coded and
included current or previous heart disease, transient ischemic at-
tack (TIA) or stroke, and DM. Use of sleep medication was assessed
using the PSQI item #7, which asks about prescription or over-the-
counter sleep medication use over the past month. Those who re-
ported using sleep medication less than once a week or not at all
were compared to those who reported using sleep medication once
a week or more. Data on self-reported menopausal status were
only available for a subset of women (N =508, 71%). Women were
considered postmenopausal if they reported that they had not had
a menstrual period in the past 3 months due to menopause or
hysterectomy.

2.3. Statistical analysis

Linear regression models were used to examine the associations
between sleep and anthropometric variables. Covariates were se-
lected a priori and all models were adjusted for age, gender, smok-
ing status, physical activity, sleep disturbance due to coughing/
snoring, sleep medication use, disease status (heart disease, TIA
or stroke and DM), and depressive symptoms. Models examining
waist circumference as an outcome were additionally adjusted
for BMI. Data on menopausal status were available for a subset
of participants. Because inclusion of menopausal status as a covar-
iate would have resulted in a loss of over 200 women, we did not
include this variable as a standard covariate. Rather, we reported
results of exploratory analyses testing the associations of sleep
with BMI and waist circumference after adjusting for menopausal
status in addition to the covariates listed above and results from
models testing for interactions between sleep and menopausal sta-
tus. We also reported results from models that explored interac-
tions between sleep and age.

Self-reported TST, actigraphy-assessed total sleep time, and
actigraphy-assessed SE were initially examined in three separate
models. In the first step of analyses, we tested for main
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associations of sleep characteristics with BMI in the full sample
(the term full sample was used to indicate that both men and wo-
men were included in analyses). A genderxsleep interaction term
was entered in the second step of the model, using the relevant
sleep variable. If an interaction was observed at P < .10, the sample
was stratified by gender and the association between the sleep var-
iable and BMI was separately examined in men and women using
linear regression. The second set of analyses used an identical pro-
cess to examine the associations among sleep parameters, gender,
and waist circumference. We also conducted a set of analyses with
both actigraphy-assessed TST and actigraphy-assessed SE in the
same model to determine which was more strongly associated
with outcomes. Finally, as both short and long sleep duration have
been related to BMI in previous reports, we investigated if curvilin-
ear relationships between sleep duration and BMI or waist circum-
ference existed in the full, mixed gender sample and in men and
women separately. No curvilinear relationships were observed;
thus we reported results for linear tests only.

3. Results
3.1. Sample characteristics

Sample characteristics are displayed in Table 1. Age of partici-
pants ranged from 34 to 84 years. Men had shorter actigraphy-as-
sessed TST and decreased actigraphy-assessed SE than women;
men and women did not differ in self-reports of TST.

3.2. Sleep measures

In the full sample of both men and women, self-reported and
actigraphy-assessed TST were correlated at r=.34, P < 0.001; self-
reports were about 40 min longer than actigraphy assessments,
on average. Correlations were similar in men and women (r=.36
and .34, respectively). Actigraphy-assessed TST and SE were corre-
lated at r=.61, P < 0.001.

Analysis of variance and t tests were used to determine if dis-
crepancies between measures of TST differed by gender or BMI.
Discrepancies between self-reported and actigraphy-measured
TST differed by gender; whereas men overestimated their sleep
time relative to actigraphy by 54 min, women overestimated by

32 min on average (t [434] = —-2.63; P=.009). Discrepancies be-
tween self-reported and actigraphy-measured TST did not differ
by BMI group (normal weight vs overweight vs obese) in the full
sample of men and women (F [2, 433]=.62; P=.80), or within
men and women separately (men: F (2, 169) =.09; P=.91 and wo-
men: F [2, 261] =.85; P=.43). When examining Pearson product
moment correlations, BMI did not correlate with self-report/actig-
raphy discrepancies (r=.01, P=.80). Waist circumference was
marginally correlated with self-report/actigraphy discrepancies
(r=.09, P=.06). When the sample was stratified by gender, waist
circumference was not correlated with discrepancies in either
men (r=.03, P=.70) or women (r=.07, P=.22).

3.3. Associations of covariates with BMI and waist circumference

In models that included covariates only, lack of regular physical
activity (§=.17, P<.001), non-smoking (f$ = —.10, P = .03), frequent
nighttime coughing/snoring ($=.17, P<0.001), and DM (8 = —.16,
P <.001) were associated with higher BMI In models adjusted for
all covariates and for BMI, male gender (3 = .29, P < 0.001), frequent
nighttime coughing/snoring (/S = .07, P= 0.01), TIA/stroke (8 = —.06,
P=.04), and higher BMI ($=.79, P<.001) were associated with
higher waist circumference.

3.4. Sleep characteristics, BMI, and waist circumference

Associations between sleep parameters and anthropometric
outcomes in the full sample of both men and women, and among
men and women separately are displayed in Table 2 for BMI and
in Table 3 for waist circumference.

3.4.1. Self-reported TST

In the sample including both men and women, shorter
self-reported sleep was associated with higher BMI after adjusting
for all covariates. The interaction between gender and self-
reported TST was not related to BMI (f§ = .04, P =.17). Self-reported
sleep time was not associated with waist circumference in the
sample of both men and women. There was a significant interac-
tion between gender and self-reported TST in relation to waist cir-
cumference (f$ =.03, P =.05). However, after stratifying the sample

Table 1
Sample characteristics of participants with self-reported sleep duration data (N =1248) and participants with actigraphy data (N = 441).

Self-reported sleep duration Actigraphy

Full sample Men Women Full sample Men Women

(N =1248) (N=538) (N=710) (N =441) (N=175) (N =266)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (y) 54.5 (11.7) 55.2 (11.9) 54.1 (11.5) 54.1 (11.6) 55.4 (11.7) 53.2 (11.5)
Body mass index (kg/m?) 29.8 (6.6) 29.7 (5.4) 29.9 (7.4) 30.6 (7.3) 30.0 (5.7) 31.0 (8.2)
Waist circumference (cm) 97.6 (17.0) 103.9 (15.8) 92.9 (16.4) 98.7 (17.5) 104.0 (15.8) 95.2 (17.7)
PSQI total sleep time (h) 6.9 (1.2) 6.9 (1.2) 6.9 (1.3) 6.8 (1.3) 6.8 (1.3) 6.9 (1.4)
Actigraphy total sleep time (h) 6.2 (1.1) 59 (1.2) 6.3 (1.1)
Actigraphy sleep efficiency (%) 79.2 (10.6) 76.6 (11.9) 80.9 (9.2)
CES-D depressive symptoms 8.7 (8.2) 8.2 (7.8) 9.0 (8.4) 9.1 (8.3) 8.9 (8.4) 9.2 (8.3)

No (% No (¥ No (% No (% No (%) No (%
Regular physical activity 954 (76.4) 418 (77.7) 536 (75.5) 316 (71.7) 129 (73.7) 187 (70.3)
Current smoker 186 (14.9) 89 (16.5) 97 (13.7) 69 (15.6) 33 (18.9) 36 (13.5)
Regular sleep medication use (> 1/week) 227 (18.2) 81 (15.1) 146 (20.6) 74 (16.8) 23 (13.1) 51 (19.2)
Heart disease 142 (11.4) 84 (15.6)* 58 (8.2) 45 (10.2) 29 (16.6)* 19 (7.1)
Transient ischemic attack/stroke 53 (4.2) 24 (4.5) 29 (4.1) 22 (5.0) 7 (4.0) 15 (5.6)
Diabetes mellitus 155 (12.4) 70 (13.0) 85 (12.0) 72 (16.3) 30(17.1) 42 (15.8)
Sleep trouble due to cough/snore (>1/week) 266 (21.3) 121 (22.5) 145 (20.5) 92 (21.3) 42 (24.0) 50 (18.8)

Abbreviations: SD, standard deviation; y, years; h, hour; CES-D, Center for Epidemiological Studies-Depression Scale.

# P<.05, represent difference between men and women in t tests or y2 tests.
" P<.01, represent difference between men and women in t tests or 2 tests.
" P <.001, represent difference between men and women in t tests or 2 tests.
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Table 2
Standardized regression coefficients from linear regression models of sleep and body
mass index in the full sample and by gender.

Full sample B Men B Women B
PSQI total sleep time —.06 -.03 -.07
Actigraphy total sleep time —.16 —.06 —-.20
Actigraphy sleep efficiency -.12 —.04 -17

Abbreviation: PSQI, Pittsburgh Sleep Quality Index.

aStandardized regression coefficient indicates the change in one standard deviation
of body mass index given a one standard deviation increase in the independent
variable.

bCovariates include age, regular physical activity, smoking status, sleep disruption
due to coughing/snoring, disease status, sleep medication use, and depressive
symptoms.

Each independent variable was entered in a separate linear regression model.

" P<.05.

" P< 0L

" P<.001.

Table 3
Regression coefficients from linear regression models of sleep and waist circumfer-
ence in the full sample and by gender.

Full sample B Men B Women B
PSQI total sleep time .02 .04 —-.001
Actigraphy total sleep time -.03 .03 -.07
Actigraphy sleep efficiency -.05 .05 -.13

Abbreviation: PSQI, Pittsburgh Sleep Quality Index.

2Standardized regression coefficient indicates the change in one standard deviation
of waist circumference given a one standard deviation increase in the independent
variable.

bCovariates include age, physical activity, smoking status, sleep disruption due to
coughing/snoring, disease status, sleep medication use, and depressive symptoms.
“Each independent variable was entered in a separate linear regression model.

" P<.05.

" P<.001.

by gender, self-reported sleep time was not related to waist cir-
cumference in men or women.

3.4.2. Actigraphy-assessed TST

Shorter actigraphy-assessed sleep time was associated with
higher BMI in the full sample of men and women. Gender and
actigraphy-assessed sleep time interacted in predicting BMI
(8=.10, P=.03). In analyses stratified by gender, shorter actigra-
phy-assessed sleep was related to higher BMI in women, though
there was no relationship in men (Fig. 1). In the full sample, shorter
actigraphy-assessed sleep was not related to higher waist circum-
ference. However, there was a marginally significant interaction
between gender and actigraphy-assessed TST in predicting waist
circumference (8 = .05, P =.06). After stratifying by gender, shorter
actigraphy-assessed sleep was associated with greater waist
circumference in women, but there was no association in men.

3.4.3. Actigraphy-assessed SE

Decreased SE was associated with higher BMI in the mixed gen-
der sample, and gender interacted with actigraphy-assessed SE in
predicting BMI (8=.11, P=.03). Stratifying the sample by gender
showed that poorer SE was related to higher BMI in women only.
In a subsequent model that included actigraphy-assessed TST in
addition to SE, the beta for SE was attenuated (f$= —.09, P =.26),
while TST remained inversely associated with BMI (f$=-.17,
P =.02) in women. In men, neither sleep parameter was associated
with BMI (SE: 8= —.07, P=.51; TST: §=.02, P=.89).

In the mixed gender sample, SE was not associated with waist
circumference. However, the interaction between gender and
actigraphy-assessed SE was related to waist circumference
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Fig. 1. (a) Unadjusted means of body mass index by categories of actigraphy-
assessed total sleep time (TST) averaged across 7 nights in women and men. (b)
Unadjusted means of waist circumference by categories of actigraphy-assessed TST
averaged across 7 nights in women and men.

(8=.09, P<0.001). After stratifying by gender, lower SE was asso-
ciated with higher waist circumference in women, with no associ-
ation in men (Fig. 2). A subsequent model included both
actigraphy-assessed TST and SE. In women, SE (§=—.12, P=.004)
but not total sleep time (f$=-.02, P=.56), remained related to
waist circumference. In men, neither sleep parameter was associ-
ated with waist circumference (SE: $=.05, P=.45; TST: 5=.01,
P=.94).

3.5. Exploratory analysis of menopausal status and age

After adjusting for covariates, menopausal status was not asso-
ciated with BMI (8 =.08, P=.17) or waist circumference (f$=—.01,
P =.94). Adjustment for menopausal status did not alter the associ-
ations between sleep and BMI or between sleep and waist circum-
ference reported above. Menopausal status did not interact with
self-reported TST, actigraphy TST, or actigraphy SE in predicting
BMI or waist circumference (all Ps >.20). Age did not interact with
self-reported TST, actigraphy TST, or actigraphy SE in predicting
BMI or waist circumference (P=.25 for all). When participants
aged > 65 years (n =232, 18.6%) were excluded, results remained
similar to those reported above.

4. Discussion

Reports of habitual sleep duration have been linked to BMI in
multiple studies [1], and there is mounting evidence that actigra-
phy assessments of sleep duration also covary with BMI [20,25].
Prior data regarding whether or not these relationships differ by
gender are mixed [6,13-18]. Among all participants in our study,
increased BMI was associated with shorter and less efficient sleep;
however, further examination by gender showed that these associ-
ations were only present in women. Links between sleep and waist
circumference also were moderated by gender, with actigraphy-
assessed sleep duration and SE relating to waist circumference in
women only. Thus although our results generally replicate associ-
ations between sleep and anthropometric characteristics found in
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Fig. 2. Unadjusted means of waist circumference by tertiles of actigraphy-assessed
sleep efficiency averaged across 7 nights in men and women.

previous samples combining both genders, follow-up analysis
revealed that these associations were primarily limited to women.

Several physiologic and behavioral mechanisms linking shorter
sleep to higher BMI have been suggested. In cross-sectional studies
short sleep was associated with increased appetite and altered
eating patterns [31-34], and experimental sleep restriction had
an impact on appetite-regulating hormones, including leptin and
ghrelin [35,36]. A handful of studies have suggested that the rela-
tionships among sleep loss and several of these mechanisms may
be stronger in women than in men [37-39]. For instance, a study
in which participants were restricted to 4 h in bed for 5 nights
demonstrated increases in morning plasma leptin levels, especially
among women [37], and Charles et al. reported a U-shaped rela-
tionship between hours of self-reported sleep and plasma leptin
among women only in a cross-sectional study of 443 male and fe-
male police officers [38]. A recent experiment demonstrated that
five nights of partial sleep deprivation (five hours of sleep per
night) resulted in increased caloric intake, especially at night, dur-
ing ad libitum food availability in both men and women, compared
to sufficient sleep (nine hours per night) [39]. Interestingly, men
gained weight regardless of the sleep condition, while women gained
weight only when their sleep was restricted to five hours. They main-
tained weight during sufficient sleep, leading the authors to suggest
that sleep loss may lead to reduced dietary restraint among women
[39]. Short and poor quality sleep have been more strongly related to
other cardiovascular risk factors including hypertension and periph-
eral inflammatory markers in women relative to men [40-43].
Because women often report needing more sleep and feeling less
rested than men [44,45], it is possible that the physiologic conse-
quences of sleep loss may be more pronounced in women.

Among women in our study, actigraphy-assessed shorter sleep
time and decreased SE were related to higher waist circumference,
independent of BMI. Disrupted or short sleep may affect the distri-
bution of body fat through activating effects on the hypothalamic-
pituitary-adrenal axis, which releases cortisol and contributes to
the development of abdominal fat deposition [46-49]. Short or
inefficient sleep also may be markers for reduced slow-wave sleep,
which was linked to increased waist circumference in a 2010 study
of 400 women in Sweden [9]. The fact that actigraphy assessments
of sleep were related to waist circumference independent of over-
all body weight may have important implications for cardiometa-
bolic disease, as increased abdominal adiposity is more closely
linked to a heightened cardiac risk profile than is BMI [11]. Indeed,
a growing literature shows that the incidence of cardiovascular
disease and DM may be elevated among individuals with short
or inefficient sleep [50].

Habitual TST as reported on the PSQI was moderately correlated
with actigraphy TST. However, participants overestimated their

habitual sleep duration relative to actigraphy by about 40 min,
and discrepancies between subjective and objective sleep duration
measures were larger among men than women. Overall, these data
suggest that self-reported and actigraphy-assessed sleep duration
are related but not synonymous constructs, and that the degree
of agreement between the two measures may vary depending on
tertiary factors. Discrepancies between reported and actigraphy-
measured sleep did not differ by BMI, and therefore it is unlikely
that weight-related differences in perceptions of sleep influenced
results. Actigraphy assessments of sleep were more strongly asso-
ciated with body weight and waist circumference than self-report.
It is possible that aspects of sleep duration captured by actigraphy
(i.e., movement throughout the night) are more closely associated
with the physiologic mechanisms implicated in regulation of
weight than perceptions of duration. It also may be that use of
an objective measure across 7 nights reduces some of the error var-
iance associated with a retrospective report of habitual sleep.

Finally, decreased SE was related to higher BMI and waist cir-
cumference in women. A small number of studies have reported
similar relationships between sleep continuity and BMI [20,24-
27]. Actigraphy TST and SE were highly correlated in our study,
making their independent contributions difficult to disentangle.
However, when both variables were included in statistical models,
TST was more strongly linked to BMI, whereas actigraphy SE was
more strongly linked to waist circumference. A 2010 study demon-
strated that experimental sleep fragmentation across two nights
caused alterations in insulin sensitivity, glucose effectiveness,
and morning cortisol levels, despite the preservation of TST [51].
Similar metabolic changes have been implicated in overall weight
gain and in changes in deep abdominal adipose tissue, among wo-
men [52]. In addition, Corbalan-Tutau and Garaulet [53] recently
reported that number of awakenings throughout the night, as mea-
sured by self-report, co-varied with visceral fat in women with
normal weight. Because deficits in sleep duration and efficiency
may have different origins, as well as different physiological corre-
lates and consequences, it is important for future studies to exam-
ine both variables for their independent links with health.

Our study has a number of important limitations. Prior evidence
of sleep as a predictor of weight gain or increases in waist circum-
ference has been inconsistent [54]. For instance, Lauderdale et al.
[25] reported that shorter actigraphy sleep time was related to
higher BMI in a cross-sectional study, but did not predict weight
gain over a 5-year period. Our study could not determine causality,
and it is possible that higher BMI caused shorter sleep in women.
Because data were drawn from a large epidemiological sample, a
number of confounding factors may have influenced the observed
associations. One possibility is common genetic variation; a recent
study showed that a polymorphism in the circadian locomotor out-
put cycles kaput gene, CLOCK, may associate with shorter sleep
duration and resistance to weight loss and higher plasma ghrelin
concentrations [55]. It also is possible that the observed associa-
tions between sleep and anthropometric characteristics partially
reflect the influence of sleep-disordered breathing. The prevalence
of obstructive sleep apnea is higher among those with higher body
weight and central adiposity, both of which contribute to struc-
tural defects that compromise airway expansion [56]. We were un-
able to assess sleep apnea in our study, and instead adjusted for a
measure of frequent sleep disruption due to snoring or coughing,
which may over-estimate true cases of apnea [57]. Other potential
confounding factors include unmeasured medical morbidity and
night or shift work, which has been linked to overweight and obes-
ity [58]. We did not adjust for dietary habits, which may mediate
the links between sleep disruption and obesity.

There were fewer men than women in the MIDUS cohort, and it
is possible that we were unable to observe a relationship between
sleep and anthropometric characteristics in men due to a lack of
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power. However, all gender-stratified analyses were performed
after an interactive effect was detected in the full mixed gender
sample, and post hoc power analysis suggests that the sample of
men was adequate to detect a small- to medium-sized effects
(2 =.08).

Associations between sleep and BMI or waist circumference
were not moderated by menopausal status; however, these analy-
ses were performed on a subset of women due to limited data. As
hormonal changes associated with the menopausal transition may
contribute to sleep disruption [59] and increases in weight and
deposition of abdominal fat [60], further work investigating if the
links between sleep and weight are moderated by menopausal sta-
tus is warranted. Other limitations of our study include use of a
self-report measure of physical activity, which likely captured only
gross differences in activity level. Use of an activity log or an accel-
erometer would have provided more valid data. Finally, our sample
was predominantly White. Racial/ethnic minorities are dispropor-
tionately affected by overweight and obesity [61], and black
individuals in particular have shorter and less efficient sleep than
white individuals [62]. It will be important to determine if our re-
sults generalize to other racial and ethnic groups.

In sum, shorter self-reported sleep was associated with higher
BMI in a large sample of adult men and women. Gender moderated
associations between actigraphy-assessed sleep and anthropomet-
ric characteristics, such that shorter and less efficient sleep were
related to higher BMI and waist circumference in women only.
Future research on physiologic and behavioral mechanisms linking
sleep and body weight may elucidate gender differences in vulner-
ability to sleep loss and reveal if certain pathways are more
relevant in men vs women.
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