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BACKGROUND: The relationship of poor sleep patterns to the increased risk of obesity has been
reported, but the results are variable. This study evaluated the association between objectively
measured sleep patterns and obesity in a representative adult population of Hispanic/Latino
subjects living in the United States.

METHODS: This cross-sectional study was an analysis of a multicenter, community-based
cohort of 2,156 participants aged 18 to 64 years from the Hispanic Community Health
Study/Study of Latinos (HCHS/SOL). Recruitment was conducted in San Diego, California;
Chicago, Illinois; Bronx, New York; and Miami, Florida. Models were controlled for age, sex,
ethnic background, site, income, education, and apnea-hypopnea index. Seven days of wrist
actigraphy data were collected. Obesity was defined as BMI = 30 kg/m? and abdominal
obesity was defined as waist circumference = 88 cm in women and = 102 c¢m in men.
Napping was defined as more than one 15-min nap per week.

RESULTS: An inverse linear relationship was found between sleep duration and prevalence of
obesity (P linear trend = 0.01). A reduction of 1 h sleep increased obesity prevalence by
4.1% (95% CI, 1.6-6.6; P = .002) and abdominal obesity prevalence by 3.6% (95% CI, 1.1-6.1;
P = .007). Daytime napping increased obesity prevalence by 10.4% (95% CI, 3.5-17.3; P =
.004) and abdominal obesity prevalence by 7.1% (95% CI, 1.0-13.2; P = .02).

CONCLUSIONS: In a population of young to older adult Hispanic/Latino subjects, we found an
inverse linear association between sleep duration and the prevalence of obesity. Daytime
napping was strongly associated with greater adiposity. Interventional and longitudinal
studies are needed to better understand how abnormal sleep patterns contribute to the
obesity epidemic. CHEST 2019; 156(2):348-356
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Sleep duration is an important health risk factor. Long
sleep may be a marker for disease and inflammation,’
whereas short sleep has been linked to cardiovascular
disease,” hypertension,™* obesity,” diabetes,” increased
pain,7 and all-cause mortality.8

Self-reported short sleep has been associated with greater
obesity prevalence in adults and children.” Others
described greater obesity with long sleep.”'" Some studies
described a U-shaped relationship between sleep duration
and obesity,»'* although others found no association, "’
and still others found an association only in men."* Such
variability led some to question the validity of self-reported
sleep duration to assess obesity risk.”

Using actigraphy to assess the association between sleep
duration and obesity has also yielded conflicting results.
In the Coronary Artery Risk Development in Young
Adults (CARDIA) study, short sleep and greater sleep
fragmentation were associated with higher BML'"> The
Osteoporotic Fractures in Men Study (MrOS) reported a
U-shaped relationship between sleep duration and
obesity in older men.'® In the Rotterdam Study, both
short and long sleepers were more likely to be obese than
those sleeping 7 to 8 h."” More recently, the Multi-
Ethnic Study of Atherosclerosis (MESA) reported an

inverse linear relationship between sleep duration and
obesity.'” Methodologic differences and differences in
the age of the study populations may account for the
variability in results.'>'>""”

It is unclear which aspect of sleep is most relevant to the
obesity risk. Most have focused on sleep duration.
However, in the MrOS and the Study of Osteoporotic
Fractures (SOF), sleep duration variability and daytime
napping were associated with obesity, suggesting that
other sleep patterns may be important.'®

Hispanic/Latino individuals are the largest minority in
the United States that is at high risk for obesity and
related diseases.'”** Compared with white subjects,
Hispanic/Latino individuals have been
understudied.”” > The Hispanic Community Health
Study/Study of Latinos (HCHS/SOL) is a partial attempt
to remedy this disparity. We evaluated the health of >
16,000 adult US Hispanic subjects. The Suefio ancillary
study used actigraphy to objectively evaluate the
association between sleep patterns and obesity. We
controlled for relevant confounders to overcome
methodological limitations in the literature and
hypothesized that poor sleep patterns, including short
sleep, would be associated with greater risk of obesity.

Subjects and Methods
The HCHS/SOL Study

The HCHS/SOL is a longitudinal, multicenter, community-based
cohort examining the prevalence and risk factors of chronic disease
among US Hispanic/Latino subjects. The protocol has been described
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elsewhere.”””"  Briefly, we recruited a representative sample

population using a two-stage probability-based sampling scheme to
randomly select households based on census block groups in the
following: Bronx, New York; Miami, Florida; Chicago, Illinois; and
San Diego, California.

Between May 2008 and June 2011, a total of 16,145 adults aged 18 to 74
years were recruited. Participants self-identified as Hispanic/Latino.
Information on demographic characteristics, socioeconomic status,
lifestyle habits, and medical history was obtained through English or
Spanish questionnaires per the participant’s preference.”® Baseline
examination included height, weight, waist circumference, and
percent body fat.”® The apnea-hypopnea index (AHI) was
determined according to results of home sleep apnea testing using
the ARES Unicorder 5.2 (B-Alert).””*°

Sueno Ancillary Study

From December 2010 to December 2013, a total of 2,189 HCHS/SOL
participants aged 18 to 64 years were recruited; this group included
Hispanic/Latino subjects from Central American, Cuban, Dominican,
Puerto Rican, Mexican, and South American backgrounds.
Participants with physician-diagnosed narcolepsy, sleep apnea, using
CPAP, or AHI = 50 events/hour (HCHS/SOL threshold for therapy)
on home sleep testing were excluded. Details of the Suefo study
protocol have been described elsewhere.”"**

Participants completed questionnaires about employment, work
schedule, use of caffeine, and hypnotic agents. Height, weight, and
bioelectric impedance percent body fat were measured. Waist
circumference from the HCHS/SOL baseline examination was used.
BMI was calculated as kilograms divided by meters squared. Obesity
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was defined as a BMI = 30 kg/m” and abdominal obesity as a waist
circumference = 102 cm for men and = 88 cm for women.
Participants wore an Actiwatch Spectrum (Philips Respironics) on
the nondominant wrist continuously for 7 days and completed daily
sleep diaries.

The study protocols for the HCHS/SOL and Suefio ancillary studies
were approved by the institutional review boards at each
participating site, and all participants provided written informed
consent. The institutional review board committee names and
approval numbers are given in e-Appendix 1.

Actigraphy

Actigraphy and ambient light data were collected in 30-s epochs. Upon
awakening, participants recorded bed and wake-up times. Records
were scored at the reading center in Boston, Massachusetts. Rest
periods and daytime napping were determined by following a
standardized protocol previously published using the Actiwatch
event marker, sleep diaries, light data, and actigraphy activity.”'
Sleep-wake status for each epoch was computed by using the
Actiware 5.59 scoring algorithm. Epochs were scored as awake if
activity counts exceeded a 40-count threshold. Sleep onset was
defined by using a threshold of 5 immobile minutes and sleep offset
by using a threshold of 0 immobile minutes. This scoring algorithm
was previously validated.”” A day was not included if there were
> 4 h of missing data or > 2 min missing during a sleep period.
Only participants with at least 5 days of valid actigraphy data were
included.

Actigraphy Measurements

Actigraphy measurements were reported as the mean of valid days;
sleep duration was defined as the time scored as sleep during the
main rest period. For shift workers, the main rest period may have
occurred partially during the day. Sleep duration was categorized
into < 55t0<6,6to <7,7to<8,and = 8 h of sleep.

Sleep quality was assessed by using the sleep fragmentation index and
sleep efficiency. The sleep fragmentation index was calculated as the
percentage of mobile epochs (ie, activity count = 2) plus the
percentage of immobile epochs (activity count < 2) that were =
1 min long during the main rest period.”"*® Sleep efficiency was
calculated as time scored as sleep from sleep onset to sleep offset
divided by the duration of the main rest period.

Naps were defined as self-reported periods of rest based on event
markers or sleep diary, outside the main rest period, containing at
least 15 min of actigraphically scored sleep. Napping was defined as
more than one nap during the 7 days of recording.

Covariates

We included age (modeled continuously), sex, education, and
household income as covariates known to affect obesity and
sleep.””””*? Education was dichotomized as less than high school or
high school and higher. Annual household income was categorized
as less than $20,000, $20,000 and higher, or missing. Study site,
ethnicity, and AHI (continuous variable) were also included.

Statistical Analyses

Dependent variables in all models included BMI, waist circumference,
percent body fat, obesity, and abdominal obesity. Predictors of obesity
included sleep duration, sleep efficiency, sleep fragmentation index,
and napping. Because of previous reports of a U-shaped association
between sleep duration and obesity, we categorized sleep duration
and assessed the relationship by using a test of linear trend. We also
modeled sleep duration continuously with both linear and quadratic
terms to assess for a nonlinear relationship. Preliminary analyses
suggested a linear relationship in models predicting obesity and
abdominal obesity prevalence. As a result, all subsequent models
used survey linear regression to assess the relationship between sleep
measures and obesity accounting for the complex study design,
including clustered sampling and sampling weights. For continuous
obesity measures, this approach resulted in estimation of a slope
(change in obesity per unit change in sleep). For dichotomous
obesity measures, this approach resulted in estimation of prevalence
difference per unit change in sleep measure.”' Initial analyses were
age- and sex-standardized to distributions of the 2010 US Census.
Subsequent analyses additionally adjusted for study site, ethnic
background, educational level, household income, and AHIL*?

Sensitivity analyses were performed excluding all participants who
reported shift work (n = 447) and those with moderate to severe
sleep apnea (AHI = 15 events/hour; n = 188). All analyses were
completed by using complex survey procedures in SAS version 9.3
(SAS Institute, Inc.).

Results

The Suefio ancillary study included 2,189 participants. Of
these, 2,156 had = 5 days of valid actigraphy data. Only

participants with complete covariate data were included in
analyses. The sample varied from 2,040 for percent body

fat, 2,099 for obesity, and 2,113 for abdominal obesity.

Tables 1 and 2 present baseline characteristics
standardized to age and sex distribution (2010 US
Census) for obesity (BMI) and abdominal obesity (waist
circumference), respectively. According to the BMI
criteria, 43% were obese, and 62% were abdominally
obese. Obesity was associated with higher AHI

(P < .0001) and higher unemployment (P = .01).

Figure 1 displays the age- and sex-adjusted prevalence of
obesity and abdominal obesity according to sleep
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duration categories. Sleeping > 8 h had the lowest
prevalence of adiposity, with an inverse linear
relationship (P = .002 and P = .01 test of linear trend
for obesity and abdominal obesity, respectively). The test
of a quadratic sleep duration effect was nonsignificant.

Table 3 presents the association between sleep measures
and the prevalence of obesity and abdominal obesity
adjusted for age, sex, ethnic background, site, education,
income, and AHI. A 1-h reduction in sleep increased the
prevalence of obesity by 4.1% (95% CI, 1.6 to 6.6; P =
.002) and abdominal obesity by 3.6% (95% CI, 1.1 to 6.1;
P =.007). Napping increased the prevalence of obesity by
10.4% (95% CI, 3.5 to 17.3; P = .004) and abdominal
obesity by 7.1% (95% CI, 1.0 to 13.2; P = .02). After
adjusting for sleep duration, napping increased the
prevalence of obesity by 9.4% (95% CI, 2.2 to 16.5;
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TABLE1 ] Age- and Sex-standardized Mean and Prevalence of Key Measures According to Obesity (BMI = 30 kg/m?)
Status, HCHS/SOL Suefio Ancillary Study (N = 2,156)

Variable Not Obese Obese P Value
AHI, events/h sleep 2.9 +£0.2 5.7+ 0.4 < .0001
Percent body fat 28.1 £ 0.2 39.5+0.3 < .0001
Average sleep duration, min/d 406.8 + 2.5 394.6 + 2.9 .001
Average sleep efficiency, % 88.5 + 0.2 87.9+0.3 .074
Average sleep fragmentation index, % 21.2+ 0.3 224+ 0.4 .025
Napping prevalence (= 2 d, > 15-min nap) 0.22 + 0.02 0.30 + 0.02 .002
Education: less than high school (prevalence) 0.29 + 0.02 0.31 + 0.02 .447
Household income: < $20,000 (prevalence) 0.45 + 0.02 0.51 + 0.03 .096
Shift work (prevalence) 0.23 + 0.02 0.24 £ 0.02 .516
Not currently employed (prevalence) 0.38 + 0.02 0.49 + 0.02 .001

Survey linear regression was performed to estimate means and prevalence with sampling weight and standardized to the age and sex distribution of the
2010 US Census. Mean + SEM are estimated for continuous variables, prevalence & SEM for dichotomized variables. AHI = apnea-hypopnea index; HCHS/

SOL = Hispanic Community Health Study/Study of Latinos.

P =.01) and abdominal obesity by 6.2% (95% CI, -0.1 to
12.6; P = .05). Sleep efficiency and sleep fragmentation
index were not associated with adiposity measures.

Table 4 presents the association between sleep
measurements and continuous adiposity
measurements. A 1-h reduction in sleep increased
BMI by 0.67 kg/m? (95% CI, 0.30-1.10; P = .001) and
waist circumference by 1.5 cm (95% CI, 0.5-2.5; P =
.002). Napping increased BMI by 1.36 kg/m” (95% CI,
0.40-2.30; P = .005) and waist circumference by

3.9 cm (95% CI, 1.7-6.1; P = .0004). After adjusting
for sleep duration, napping increase in BMI by

1.20 kg/m® (95% CI, 0.23-2.16; P = .02) and waist
circumference by 3.5 cm (95% CI, 1.3-5.6; P = .002).
None of the sleep measures was associated with

percent body fat. No relationship was found with sleep
efficiency or sleep fragmentation index.

Table 5 depicts sensitivity analyses after excluding shift
workers (n = 447) and subjects with moderate to severe
sleep apnea (n = 188). The relationships between sleep
measurements (ie, sleep duration, napping) and
adiposity (ie, BMI, waist circumference, percent body
fat) were strengthened. Napping increased percent body
fat by 1.5% (95% CI, 0.1-2.9; P = .04) only in the model
excluding shift workers.

Discussion

We found an inverse linear relationship between
objectively measured sleep duration and the prevalence
of obesity (BMI) and abdominal obesity. Lower sleep

TABLE 2 | Age- and Sex-standardized Mean and Prevalence of Key Measures According to Abdominal Obesity
Status, HCHS/SOL Suefio Ancillary Study (N = 2,156)

Variable Not Obese Obese P Value
AHI, events/h sleep 2.4+0.2 5.5+ 0.3 < .0001
Percent body fat 26.8 £ 0.3 38.0+ 0.4 < .0001
Average sleep duration, min/d 407.8 + 2.9 396.6 + 2.8 .007
Average sleep efficiency, % 88.4 + 0.2 88.1 + 0.2 438
Average sleep fragmentation index, % 21.3+0.4 22.1+0.4 .193
Napping prevalence (= 2 d, > 15-min nap) 0.22 + 0.02 0.28 + 0.02 .025
Education: less than high school (prevalence) 0.26 + 0.02 0.33 £ 0.02 .036
Household income: < $20,000 (prevalence) 0.44 + 0.03 0.50 + 0.02 .056
Shift work (prevalence) 0.24 + 0.02 0.22 + 0.02 .542
Not currently employed (prevalence) 0.37 + 0.02 0.46 + 0.02 .01

Survey linear regression were performed to estimate means and prevalence with sampling weight and standardized to the age and sex distribution of the
2010 US Census. Mean =4 SEM are estimated for continuous variables, prevalence & SEM for dichotomized variables. Abdominal obesity was defined as
waist circumference in male subjects = 102 cm and in female subjects = 88 cm. See Table 1 legend for expansion of abbreviations.
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Figure 1 - Age- and sex-standardized prevalence of obesity and
abdominal obesity according to sleep duration. There is a linear rise in
the prevalence of both obesity and abdominal obesity as average nightly
hours of sleep decreases (test of linear trend P = .002 for obesity and P =
.01 for abdominal obesity). Prevalence standardized to 2010 US census
data. Obesity was defined as BMI = 30 kg/m’. Abdominal obesity
defined as waist circumference = 102 cm for male subjects and = 88 cm
for female subjects. Mean + SEM.

duration and napping were strongly associated with
increased obesity prevalence and a rise in BMI and waist
circumference after accounting for important
confounders, including sleep apnea. No association was
found between sleep quality (ie, sleep efficiency, sleep
fragmentation index) and adiposity.

This study may be the most representative evaluation of
the association between sleep patterns and obesity using
7 days of actigraphy data concurrently with measures of
adiposity. It used a large community-based population
of young to older adults in four geographic locations
across the United States and controlled for sleep apnea,
ethnicity, and other major confounders.

Hispanic/Latino individuals are the largest minority in
the United States at high risk for obesity-related

diseases.'”*° However, compared with white and black
subjects, Hispanic/Latino subjects have been
understudied.””*” Chronic insufficient sleep is strongly
linked to higher risk of obesity in men, women, and
children.'”***” Only a few studies have focused on the
sleep patterns of Hispanic subjects,’*">* however, and
most included only self-reported data.”' >* Ours is the
first study evaluating the association of objectively
measured sleep patterns and adiposity in a large
representative US Hispanic/Latino population.

Our findings support a strong association between lower
sleep duration and obesity, confirming results of studies
using self-reported sleep duration™'*'*"'***** and
objectively measured sleep duration.
However, instead of a U-shaped relationship described
by most,"*'°
obesity only in the lowest sleep duration category,
we found an inverse linear relationship (Fig 1). The
reason for this variability may be related to
methodologic differences among studies.

13,15,16,18,55

or a dichotomous relation showing higher
16,55

Studies that evaluated elderly populations mostly report
a U-shaped relationship between objective sleep
duration and adiposity. The MrOS, SOF,'® and the
Rotterdam'” studies evaluated elderly men and women
(aged > 68 years) and described a U-shaped relationship
with percent body fat, and with BMI in the Rotterdam
study. Moraes et al”” described a U-shaped relationship
with BMI in subjects aged > 50 years and a
dichotomous relationship in younger subjects. The
MESA study described an inverse linear relationship
between sleep duration and obesity (BMI = 30 kg/m?)
in an older population (68.6 & 9.2 years)."” However,
the relationship with abdominal obesity was U-shaped.
In contrast, we report an inverse liner relationship with
both obesity (BMI = 30 kg/m?) and abdominal obesity
in a younger population (average age, 47 years; range,
18-64 years). The CARDIA study evaluated young adults

TABLE3 ] Association of Actigraphic Sleep Measures and the Prevalence of Obesity and Abdominal Obesity, HCHS/

SOL Sueno Ancillary Study (N = 2,156)

Obesity Abdominal Obesity
Actigraphy Variable Beta 95% CI P Value Beta 95% CI P Value
Sleep duration (per hour) -4.1 -6.6to -1.6 .002 -3.6 -6.1to-1.1 .007
Sleep efficiency (%) -0.1 -0.7t0 0.5 .68 0.1 -0.5t0 0.7 .85
Sleep fragmentation index (%) 0.1 -0.3to0 0.5 .58 0.0 -0.4t0 0.4 .95
Napping vs no napping 10.4 3.5t017.3 .004 7.1 1.0to 13.2 .02

All models account for sampling weights and were adjusted for age, sex, ethnic background, site, income, education, and AHI. Obesity was defined as
BMI = 30 kg/m?. Abdominal obesity was defined as waist circumference =102 cm for male subjects and = 88 cm for female subjects. Napping was

defined as more than one nap of at least 15 min over 1 week. See Table 1 legend for expansion of abbreviations.
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All models account for sampling weights and were adjusted for age, sex, ethnic background, site, income, education, and AHI. Sleep duration, sleep efficiency, and sleep fragmentation index were modeled

continuously. Napping was defined as more than one nap of at least 15 min over 1 week. See Table 1 legend for expansion of abbreviations.

(aged 18-30 years)'” and reported an inverse linear

relationship with BMI, similar to our findings. The

literature and our findings suggest that the inverse linear
relationship between sleep duration and adiposity may
weaken into a U-shaped relationship with aging.'” This
age hypothesis in the pattern of the association between
sleep duration and adiposity needs further investigation.

Sleep apnea is strongly associated with obesity™® and
potentially an important confounder of the association
between sleep duration and adiposity. In our analyses,
we excluded subjects with AHI > 15 events/h and
controlled for AHI to remove the confounding effect of
sleep apnea. The CARDIA and Rotterdam studies'”"”
did not control for sleep apnea. However, in the
CARDIA study, the association between sleep duration
and BMI was strongest in subjects who snored,'” and in
the Rotterdam study, the association with BMI was no
longer significant after adjusting for sleep
fragmentation.'” These findings suggest that sleep
disturbances, such as in sleep apnea, are important
confounders. In the MESA study, models that controlled
for sleep apnea attenuated the associations between
sleep duration and obesity,'” again underlining the
importance of controlling for sleep apnea when
evaluating the association between sleep duration and
obesity.

We found a strong association between napping and
obesity, suggesting that other sleep patterns may be
contributing to adiposity. Our findings confirm the
results of the MrOS and SOF studies that reported an
association with napping and increased obesity.'® The
mechanism for the association of napping and adiposity
is unclear. However, napping can be a marker of
insufficient sleep or poor sleep quality,”” potentially
driving the association. However, in the present study,
controlling for sleep apnea and sleep duration minimally
attenuated the association, suggesting that napping by
itself may be a risk factor for adiposity.

It is unclear why we found no relationship between
markers of sleep quality and adiposity as others have
reported. The CARDIA study and the MrOS and SOF
studies reported an association with sleep
fragmentation'” and sleep duration variability'®
respectively, and higher BMI. The MESA study reported
an association between sleep efficiency and adiposity.'”
Differences in ethnicity and age may contribute to the
variability in results. We studied a population of
younger Hispanic/Latino individuals, whereas others
evaluated a mix of racial groups, mostly elderly.'”'”'®

Racial differences in sleep quality exist,”®® potentially
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TABLE 5 | Sensitivity Analyses Evaluating the Association of Sleep Duration and Napping With Continuous
Adiposity Measures Excluding Shift Workers (n = 447) and Participants With Moderate to Severe Sleep
Apnea (n = 188), HCHS/SOL Suefio Ancillary Study (N = 2,156)

BMI (kg/m?) Waist Circumference (cm) Percent Body Fat
Actigraphy Variable Beta |  95%C | Pvalue | Beta [ os%cr | Pvale | Bet 95% CI P Value
Shift workers excluded
Sleep duration, h -0.8 -1.3to -0.3 .001 -1.8 -3.0to -0.6 .001 -0.6 -1.3t00.1 .08
Napping vs 1.7 | 0.7 to 2.7 .001 49 | 25t07.3 < .0001 1.5 | 0.1to0 2.9 .04
no napping
Moderate to severe OSA excluded
Sleep duration, h -0.8 -1.2to-0.4 .0002 -1.7 -2.7 to -0.7 .0006 -0.5 -1.1t0 0.1 12
Napping vs 1.3 0.3to 2.3 .01 3.8 1.4t06.2 .001 1.1 -0.3to 2.4 12
no napping

All models account for sampling weights and were adjusted for age, sex, ethnic background, site, income, education, and AHI. Sleep duration was modeled
continuously. Napping was defined as more than one nap of at least 15 min over 1 week. Shift worker was defined as those working afternoon, night, split,
irregular, or rotating shifts. Moderate to severe sleep apnea was defined as an AHI =15 events/hour. See Table 1 legend for expansion of abbreviations.

confounding the association between sleep quality and
adiposity. In older adult subjects, BMI underestimates
adiposity,”’ yet the elderly are more prone to increased
adiposity.®” Also, the circadian pacemaker becomes
progressively disturbed with aging, resulting in sleep
pattern changes®’
association between sleep quality and adiposity. More
research is needed to understand the effect of aging and
ethnicity in the association of sleep quality and
adiposity.

and potentially confounding the

The literature evaluating the relationship of
actigraphic sleep patterns and adiposity is limited by
wide methodologic and population differences that
restrict generalization. These include disparate

1927 wide ethnic mix,'” short duration
of actigraphy evaluation,”” and population age
extremes ranging from young adults'” to the very
elderly."'®'® A major strength in the present study is
the age-sex representative sample population of adult
Hispanic/Latino individuals living across the United
States and the careful objective evaluation of sleep
quality variables derived from actigraphy over 7 days,
which were correlated to obesity measurements (ie,
BMI, percent body fat) made during the week of data
acquisition. However, the home sleep study and waist

population size,

circumference measurements were obtained from the
baseline assessment made in the parent HCHS/SOL
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study 6 to 24 months prior to the actigraphy
recordings. The assumption that abdominal obesity
and AHI remained stable during this time represents a
significant limitation. Also, the cross-sectional nature
of this study precludes inferring causality and
represents a limitation. Further research is needed to
assess causality that could include interventional
studies to modify sleep duration and

longitudinal evaluation of sleep duration and napping
on adiposity.

Conclusions

In a large representative sample population of adult
Hispanic/Latino subjects living across the United
States, we found an inverse linear association between
objectively measured sleep duration and the
prevalence of obesity. We also found an association
between daytime napping and adiposity, highlighting
the potential contribution of other sleep patterns to
obesity. The age distribution of the population under
study may be an important determinant of the pattern
of the association between sleep duration and
adiposity. Interventional and longitudinal studies are
needed to better understand how sleep patterns
contribute to the obesity epidemic currently affecting
the United States, especially among minority
populations.”
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