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Practice points

B Both short and long sleep durations were associated with obesity among black and

white respondents.

B |ndividuals habitually sleeping 6 h or less might be at greater risk for obesity, although

obesity risk seems greater for blacks.

B Race/ethnicity may have significantly influenced the likelihood of reporting obesity

associated with short and long sleep durations.

B Obesity risk reduction interventions should incorporate evidence-based sleep

improvement therapies.

Aims: The effect of race/ethnicity on the risk of obesity associated with short
or long sleep durations is largely unknown. This study assessed whether the sleep—obesity
link differentially affects black and whites. Methods: Analysis was based on data obtained from
29,818 adult American respondents from the 2005 National Health Interview Survey, a cross-
sectional household interview survey. Results: Multivariate-adjusted odds ratios for obesity
associated with short sleep (£6 h) among blacks and whites were 1.98 (95% Cl: 1.69-2.30) and
1.20 (95% ClI: 1.10-1.31), respectively, and with long sleep (=9 h) for blacks and whites were
1.48 (95% CI: 1.14-1.93) and 0.77 (95% CI: 0.67-0.89), respectively (all p < 0.001). Conclusion:
Race/ethnicity may have significantly influenced the likelihood of reporting obesity associated
with short and long sleep durations. Relative to white respondents, an excess of 78% of
black respondents showed increased obesity odds associated with short sleep. Black long
sleepers also showed increased odds for obesity, but white long sleepers may be at a reduced

obesity risk.
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Available data do not incontrovertibly demon-
strate the optimal sleep amount necessary for
wellness and survival. Evidence indicates that
a single night of 4-h sleep restriction evoked
significant increases in cellular and genomic
inflammatory markers among healthy adults
(1.2]. Evidence also suggests that individuals
experiencing less than the population modal
sleep duration [3.4] might be at greater risk of
becoming obese [5-7]. The literature in the last
decade provides ample epidemiologic evidence in
support of the apparent link between individu-
als” weight and habitual sleep duration. Most
studies have shown a U-shaped relationship
between these two measures, such that short and
long sleepers are at increased risk of becoming
obese (6-9]. Furthermore, longitudinal studies
document that sleep duration is also a predictor
of increased body weight [9,10].

Several investigations have examined the rela-
tive contribution of many sociodemographic and
medical comorbidities to the short sleep—obesity
link. Studies have shown significant associations
of short sleep with obesity even after adequate
statistical control for age, sex, education, physi-
cal activity, depression and alcohol consumption
8.10.11]. This is also the case when hypertension,
diabetes and arthritis were adjusted for [8.11,12].
We should also note that those associations
remained significant after multivariate adjust-
ment for sleep apnea and sleep disturbances [13].
Although previous research ascertained effects
of those confounders on relationships between
short sleep and obesity, effects of race/ethnicity
on such associations are largely unknown. It is
not yet fully elucidated whether race/ethnicity
could be a proxy for factors such as socio-
economic position or culture, which could
potentially affect health measures.

This is important given epidemiologic evi-
dence demonstrating that short sleep and black
race/ethnicity are associated and considering
the greater prevalence of obesity among blacks,
relative to whites [14.15]. Our previous analysis
revealed that, independent of several demo-
graphic and medical factors, blacks were more
likely to report both shorter and longer sleep time
than white respondents, suggesting greater varia-
tion in their habitual sleep time [15]. Extreme sleep
durations, as noted among blacks, are within the
sleep time intervals commonly associated with
early mortality and ill health [5-7]. Such data have
raised concern among public health advocates

because of the association of short and/or long
sleep with diseases that disproportionately afflict
blacks. In the present study, we investigated the
associations of short and long sleep duration with
obesity while ascertaining the independent role
of race/ethnicity on such associations.

Complete data for this analysis was provided
by American adults (n = 29,818; age range:
18-85 years) participating in the 2005 National
Healch Interview Survey (NHIS). Of the sub-
sample, 85% were whites and 15% were blacks;
44% were men and 56% were women.

The NHIS is a cross-sectional household inter-
view survey conducted annually by the National
Center for Health Statistics of the Centers for
Disease Control and Prevention. The NHIS uses
a multistage area probability design that permits
representative sampling of US households. Prob-
ability samples of the civilian adult population of
all 50 states and the District of Columbia were
obtained. Respondents were grouped according
to place of residence in the USA, referred to as
geographic residence: North East, Midwest,
South and West. It is estimated that the final
sample was characterized by a response rate of
69%. No significant differences in the demo-
graphic characteristics between responders and
nonresponders were found. Details on sample
design can be found in Design and Estimation
for the NHIS, 1995-2005 [16].

Participants provided sociodemographic data
and information about physician-diagnosed
chronic conditions during face-to-face interviews
conducted by trained interviewers from the US
Census Bureau. The chronic conditions included
hypertension, heart disease, cancer, diabetes and
arthritis. Participants also estimated habitual
sleep duration (using full hour units i.e., 5 h,
6 h, 7 h and so on) by responding to the follow-
ing question: “On average, how many hours of
sleep do you getin a 24-h period?” Sleep duration
was coded as either short sleep (<6 h/night) or
long sleep (=9 h/night), referenced to 7—8 h/night
sleepers. No information on specific sleep
disorders was elicited during the interview.

Participants also reported depressed moods
(i.e., feeling of sadness, hopelessness, worthless-
ness and poor effort) experienced in the past
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30 days. The depression severity score utilized in
our analysis represents a composite score, sum-
ming answers from the above-mentioned four
items; scores ranged from 0 to 20 with low scores
indicating greater depression.

Activity limitation was measured by asking
respondents whether they were able to walk a
quarter of a mile without assistance; respondents
were classified as ‘limited’ if they answered “very
difficult” or “unable” to perform this activity or
‘not limited” if they were able to do it.

Surveys were conducted using computer-
assisted personal interviewing, which utilizes a
computer program for data collection that guides
the interviewer through the questionnaire. The
interviewer enters survey responses directly into
the computer. The program determines through
a computer algorithm whether data entered by
the user match against all possible responses to
specific questions; the program also checks for
consistency against other data collected during
the interview, and saves the responses into a
survey data file [101].

The present analyses focused on addressing dif-
ferences between black and white Americans.
Thus, we excluded the other races from our
analyses. Futhermore, there were too few cases
in other groups to support robust statistical
analyses.

As the NHIS data set amalgamates data from
different samples using a multistage area prob-
ability sampling design, all analyses performed
in this study utilized weighted statistics based on
the final weights provided with the NHIS data
set. These weights represent a product of weights
for corresponding units computed in each of the
sampling stages.

Frequency and measures of central tendency
were used to describe the sample. Skewed dis-
tributions (i.e., BMI and sleep duration) were
log-transformed before performing preliminary
statistical analyses. In preliminary analyses,
Pearson and Spearman correlations were used
to explore relationships between variables of
interest. Analysis of variance was used for group
mean comparisons, and ’ test was employed
to assess differences in categorical variables.
For descriptive purposes, the sleep measure
classified participants into three groups: those
reporting short sleep (<6 h) or long sleep (29 h)
referenced to those who reported sleeping 7-8 h.

These cut-off points were chosen based on pre-
vious research showing obesity risk associated
with short and long sleep durations [4.17,102]. The
dependent variable was also a binary measure,
categorizing participants into two groups: obese
versus non-obese; obesity was defined as BMI
230 kg/m?[18]. Based on the K-6 scaling system,
a score 213 indicated emotional distress [17].

To test the hypothesis that short sleep (<6 h)
and long sleep (29 h) were associated with obesity
(BMI 230 kg/m?), we utilized multivariate logis-
tic regression modeling. BMI was self-reported.
In the first model, interactions of short sleep with
black and white race/ethnicity were assessed,
while adjusting effects of several covariates; black
and white race/ethnicity was dummy-coded. In
the second model, interactions of long sleep with
black and white race/ethnicity were ascertained,
while adjusting effects of covariates. Covariates
entered in the models were: age, sex, income,
geographic residence, smoking and drinking
history, depression [19], activity limitations and
a history of hypertension, diabetes, arthritis or
heart disease. Before constructing the model,
univariate logistic regressions were performed to
assess associations between hypothesized predic-
tors and the dependent variable. All analyses were
performed using SPSS 18.0 (IBM Corporation,
NY, USA), using appropriate weights to adjust
for the use of complex design [20].

As seen in Table 1, blacks were slightly younger
than their white counterparts. Fewer blacks
indicated in the interview that they completed
at least high school, and fewer blacks reported
household income of at least US$35,000 com-
pared with their white counterparts. White
Americans were more likely to report a diagnosis
of arthritis and heart disease, while black Ameri-
cans were characterized by a greater likelihood of
reporting hypertension and diabetes. The preva-
lence of obesity (BMI 230 kg/m?) was greater
among blacks than among whites (52 vs 38%;
odds ratio [OR]: 1.80; 95% CI: 1.66-1.95;
p < 0.0001).

In the multivariate-adjusted regression mod-
els, we ascertained whether there were interact-
ing effects between black or white race/ethnicity
and short sleep (Model A) and long sleep (Model
B) on obesity. As shown in Table 2, multivar-
iate-adjusted ORs for obesity associated with
short sleep among blacks and whites were 1.96
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Table 1. Comparison of sociodemographic and health data of black and white

Americans participating in the 2005 National Health Interview Survey.

Variable Black! White' F/y?
Age + SD (years) 45.56 £ 6.91 48.02 £18.02 72*%
Completed High School (%) 76 81 53*
Household income >US$35,000 (%) 16 24 140*
Hypertension (%) 36 27 133*
Diabetes (%) 12 8 62*
Heart disease (%) 6 8 29*%
Arthritis (%) 22 24 11*
*p <0.0001.

fSample included 4473 blacks (15%) and 25,345 whites (85%).

(95% CI: 1.68-2.29; p < 0.0001) and 1.23
(95% CI: 1.12-1.44; p < 0.0001), respectively.
ORs for obesity associated with long sleep for
blacks and whites were 1.45 (95% CI: 1.11-1.88;
p < 0.0001) and 0.78 (95% CI: 0.67-0.89;
p < 0.0001), respectively. Thus, while increased
risk was noted for black long sleepers, the reverse
seems to have been true for white long sleepers
(21]. Associations of each of the sociodemographic
and medical factors adjusted in the models are
also shown in Table 2.

Interest in studying short sleep as a potential
modifiable metabolic risk marker is anchored
by epidemiologic evidence indicating a gradual
decline in population sleep time [3,14,22-25]. In the

Table 2. Associations of sociodemographic, medical and sleep factors with

obesity.

Variables Model A: short sleep Model B: long sleep
OR 95% ClI OR 95% ClI
Age 0.98* 0.97-0.99 0.98* 0.98-0.99
Sex 0.64* 0.59-0.70 0.63* 0.57-0.71
Income 1.18* 1.07-1.31 1.04 0.92-1.17
Geographic residence 0.99 0.95-1.03 1.01 0.95-1.06
Smoking history 1.10% 1.06-1.14 1.06* 1.01-1.12
Drinking history 0.97* 0.95-0.98 0.96* 0.94-0.98
Hypertension 3.08* 2.77-3.43 3.03* 2.65-3.47
Heart disease 0.89 0.756-1.05 0.87 0.72-1.07
Arthritis 1.43% 1.27-1.60 1.65% 1.42-1.90
Diabetes 3.46* 2.89-4.14 2.85*% 2.31-2.52
Depression 0.98 0.97-0.99 0.98 0.96-1.00
Activity limitations 0.54* 0.48-0.62 0.57* 0.48-0.67
Sleep duration + black 1.96* 1.68-2.29 1.45% 1.11-1.88
Sleep duration + white 1.23* 1.12-1.44 0.78* 0.67-0.89
The sleep duration measure included individuals who reported short sleep (<6 h) or long sleep (29 h) versus
those sleeping 7-8 h habitually.
*p < 0.0001.
OR: Odds ratio.

same time span, there has been a commensurate
increase in the number of Americans becoming
obese [103]. In tandem with previous research,
analysis of the NHIS data has demonstrated a
U-shaped association between sleep duration
and obesity, with greater obesity risk associ-
ated with sleeping too little or too much [6-9,26].
Our analysis also demonstrated that individuals’
race/ethnicity may have a significant effect on
the short and long sleep obesity link reported in
the sleep literature.

The primary finding of the study was that an
excess of 78% of blacks in the NHIS data had
greater odds of being a short sleeper and obese,
relative to their white counterparts. The observa-
tion of race/ethnic effect was independent of indi-
viduals” sex, age, income, geographic residence,
activity limitations and depression or medical
comorbidities such as hypertension, diabetes,
heart disease or arthritis. These results demon-
strate that race/ethnicity is a factor that should be
considered in epidemiologic analysis of the link
between obesity and short sleep. Multivariate-
adjusted ORs for black and white short sleep-
ers exhibiting obesity risk were 1.98 and 1.20,
respectively. Hence, both black and white short
sleepers have relatively increased odds of being
obese. While it cannot be said that short sleep
causes obesity, since our analysis was based on
cross-sectional data, it is apparent that individu-
als of the black race/ethnicity sleeping 6 h or less
might be at greater risk of becoming obese [27].

Despite the fact that we controlled for ten
covariates in our multivariate logistic models,
interactions between short sleep and black and
white race/ethnicity on obesity remained sig-
nificant. Nonetheless, it is as yet unclear what
factors mediated excess odds of obesity noted
for black short sleepers. Both medical and life-
style factors might play a role. Conceivably,
short sleep among some of the black participants
might reflect undiagnosed sleep apnea. Unfor-
tunately, the present database did not include
data permitting such determination. Nonethe-
less, we are guided by available findings from
a study comparing 225 black and 622 white
volunteers, aged 2—86 years, showing that 31%
of blacks versus 10% of whites had sleep apnea
(28]. Emerging evidence suggests that sleep apnea
might be influenced by genes within pathways
involved with obesity, inflammatory processes
and craniofacial features, with differing risk
profile for blacks and whites [29-31).
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A previous study examining factors affecting
sleep duration over a period of 34 years has shown
that socioeconomic position is a robust determi-
nant of short sleep duration, even after adjust-
ing for health-related characteristics linked to
short sleep duration. Results of a cross-sectional
analysis of data obtained from 32,749 Ameri-
cans in 1990, ages 18 years or older, indicated
that living in an inner city, which is common
among blacks, was associated with increased
risk of short sleeping [32]. Our analyses adjusted
effects of economic status and geographic resi-
dence on short sleep. Notwithstanding, other
indices of socioeconomic position such as work
schedule might have contributed to the curtail-
ment of sleep time among blacks. Evidence from
a study assessing the impact of shift work and
race/ethnicity on the diurnal rhythm of blood
pressure shows that black shift workers experi-
enced shorter sleep relative to shift workers from
other ethnic groups [33].

When viewed in the context of health dispar-
ities research, sleep duration may be a key factor
in understanding diseases that disproportion-
ately burden blacks. Whether sleep time in this
population is curtailed by lifestyle choices or
restricted by sleep fragmentation, as is the case
in sleep apnea, blacks may be at increased risk of
developing diabetes and cardiovascular disease
due to excess obesity and short sleep. Data from
the Nurse’s Health Study suggests that curtailed
sleep duration resulting from sleep fragmenta-
tion induced by sleep apnea may lead to the
development or exacerbation of diabetes [34,35].
Evidence shows that short sleep is a precursor
for inflammatory processes, which are impor-
tant risk markers for diabetes and cardiovascu-
lar disease. Although the mechanism linking
chronic sleep restriction and obesity is not fully
delineated, targeting short sleep duration might
be a novel and effective method of preventing
and treating obesity among at-risk individuals.

The secondary finding of our analysis is that
race/ethnicity also interacted with long sleep
in predicting the odds of being obese. Com-
pared with average sleepers (7-8 h), black long
sleepers were 48% more likely to be obese,
whereas white long sleepers were 23% less
likely to be obese. Adjusting for the presence
of depressed moods and economic status — two
factors commonly linked to sleeping long
hours — did not affect those associations. The
finding of increased odds for obesity associated

with sleeping longer than 8 h among blacks is
consistent with previous data [9.36]. A recent
study showed that individuals sleeping 9-10 h
nightly were 21% more likely to become obese
over a 6-year period than were those reportedly
sleeping 7-8 h [37]. Of note, the sleep—obesity
associations were not substantially affected by
adjustment for food intake, exercise or medical
confounders. We surmise that blacks sleeping
9 h or longer are also at increased risk of being
obese, although to a lesser extent relative to
those sleeping 6 h or less.

It is not clear whether white long sleepers
were characterized by reduced odds of being
obese. Conceivably, the mechanisms underlying
potential effects of long sleep on obesity differ
between black and white ethnicities. It may be
that blacks reporting long hours of sleep spend
less time engaged in social activities that would
provide adequate, healthy life choices; hence
their propensity to become obese. Another
likely explanation may be that medical comor-
bidity associated with obesity might predispose
susceptible blacks to spending more time in
bed. Oversleeping among white respondents
might reflect greater prevalence of other fac-
tors promoting long sleep such as depression.
Evidence shows a high prevalence of depression
among individuals of the white race/ethnicity
(38.39]. While this apparent discrepancy awaits
verification by other analyses, our findings
might explain why sleep durations greater
than 7 h are not consistently associated with
either an increased or decreased obesity risk in
the extant literature [11]. Plausibly, associations
between long sleep and obesity vary based upon
sociodemographic groupings, suggesting that
stratification of epidemiologic sleep data by
race/ethnicity might be necessary in clarifying
interpretation of associations between long sleep
and obesity.

Future studies should investigate the mediators
of excess odds of obesity associated with short
sleep among blacks. They should also examine
whether short sleep has a direct effect on likeli-
hood of becoming obese through dysregulation
of neuroendocrine functioning (e.g., leptin and
ghrelin) or whether short sleepers might engage
in activities that lead to obesity (e.g., greater
opportunity for food consumption or unhealthy
eating habits). Our analyses adjusted effects of
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ten covariates, which have shown significant
associations in previous research. An important
limitation of the current findings is that both
sleep duration and medical data were based on
subjective reports obtained by a trained inter-
viewer. Future studies should examine the accu-
racy of self-reported data (e.g., sleep time and/or
weight and height) in this population. Evidence
from appraisal research suggests that recall bias
may influence the accuracy of self-reported data
among blacks [40.41]. It is of interest to examine
whether short or long sleep durations obtained
from actigraphy would also be associated with
increased risk of obesity derived from waist cir-
cumference or skinfold thickness measurement.
Our analysis did not adjust for other important
factors such as sleep apnea, insomnia, excessive
daytime sleepiness or fatigue, shift work and
dietary habits, which have adverse effects on
sleep duration; such data were not available in
the NHIS data. Our study explored the relation-
ship between race/ethnicity and obesity, and did
not establish any cause and effect relationships
among race/ethnicity, sleep durations and obe-
sity or address the possibility of reverse causal-
ity because we used a cross-sectional design.
Although estimates were based on analyses
adjusting for stratification and clustering effects

using weights provided by NHIS, further exam-
ination of data was not made using SUDAAN
(RTT International, NC, USA), which is some-
times recommended for standard error ascer-
tainment in parametric analysis. The explana-
tory models presented in this article relied on
nonparametric analyses.

Notwithstanding the study limitations, results
suggest that individuals habitually sleeping
6 h or less might be at greater risk for obesity,
although obesity risk seems greater for blacks.
Obesity-risk reduction interventions should
incorporate evidence-based sleep improvement
therapies. They might also consider the impor-
tance of physical activity, which is known to
affect both sleep amount and weight.
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