AMERICAN JOURNAL OF HUMAN BIOLOGY 00:00-00 (2014)
Original Research Article

Sleep Duration, Sleep Quality, and Obesity Risk Among Older Adults From Six
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Objectives: Changes in sleep patterns often occur in older adults. Previous studies have documented associations
between sleep duration, sleep quality, and obesity risk in older individuals, yet few studies have examined these trends
in lower-income countries. The present cross-sectional study uses nationally representative datasets from six countries
to examine these relationships.

Methods: Two hypotheses related to obesity risk and sleep patterns were tested using data from the first wave of the
World Health Organization’s Study on global AGEing and adult health (SAGE). This longitudinal study draws on sam-
ples of older adults (>50 years old) in six middle-income countries (China, Ghana, India, Mexico, Russian Federation,
and South Africa). Self-report data were used to measure sleep duration, sleep quality, lifestyle and sociodemographic
information, while anthropometric measurements were collected to assess body mass index (BMI) and waist circumfer-
ence (WC). Multiple linear regressions were used to examine the relationship between sleep patterns and obesity risk
while controlling for lifestyle factors.

Results: Shorter sleep durations in both men and women were significantly associated with higher BMI and WC
measures (P < 0.05). Low sleep quality did not significantly contribute to increased obesity risk. Surprisingly, high sleep
quality was significantly associated with increased male BMI and WC in China and India (P < 0.01).

Conclusions: This study documented an association between short sleep duration and increased obesity risk, which
is important given the global increase of obesity-related diseases. Am. J. Hum. Biol. 00:000-000, 2014. © 2014 Wiley

Periodicals, Inc.

Global obesity rates have risen significantly in all age
groups over the past decade, increasing the associated dis-
ease prevalence and strains on health care systems (Chen
et al., 2012; Hossain et al., 2007; Lakdawalla et al., 2005).
Interventions designed to mitigate the prevalence of obe-
sity are urgently needed to reduce this burden and its
associated economic cost (Lopez-Garcia et al., 2008). Pre-
vious studies have demonstrated a link between sleep pat-
terns, physiological processes, and obesity risk (Knutson
and Van Cauter, 2008; Spiegel et al., 2004; Taheri et al.,
2004; Tsou, 2011). Recent findings among children and
younger adults suggest that improving sleep patterns rep-
resent a promising obesity prevention strategy; however,
this is poorly tested among older adults, with available
studies producing rather mixed results (Gangwisch et al.,
2005; Lopez-Garcia et al., 2008; Patel and Hu, 2008; Spie-
gel et al., 2009; Van den Berg et al., 2008). This is particu-
larly important for older adults in whom alterations in
sleep duration and quality are more common, including
an increased occurrence of reported sleep disorders associ-
ated with disrupted and fragmented sleep patterns
(Bombois et al., 2010; Descamps and Cespuglio, 2010).
These changes may contribute to obesity among older
individuals; yet the majority of research on this topic has
taken place in wealthy nations, and these patterns
remain poorly understood in developing countries.

Short sleep durations have been linked with increased
obesity risk, likely due to changes in the secretion of hor-
mones known to regulate hunger and satiety (Patel et al.,
2008; Tsou, 2011; Van den Berg et al., 2008). Sleep-
restricted individuals exhibit elevated levels of serum
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ghrelin (an appetite stimulant) and reduced levels of
serum leptin (a satiety factor) (Gangwisch et al., 2005;
Knutson and Van Cauter, 2008; Patel and Hu, 2008;
Spiegel et al., 2004, 2009; Taheri et al., 2004). These
changes increase perceived hunger, especially for calorie-
dense foods with high carbohydrate content (Spiegel et al.,
2004). Thus, short sleep durations appear to alter endo-
crine function in a manner that facilitates weight gain.

Reduced sleep has likewise been linked with decreased
physical activity, also thought to contribute to increased
weight gain (Knutson and Van Cauter, 2008). Specifically,
sleep deprivation has been shown to decrease the time to
exhaustion during prolonged treadmill walking (Martin,
1981; Van Helder and Radomski, 1989) and increase rat-
ings of perceived exercise exertion although physiological
parameters do not significantly change (Martin and Gad-
dis, 1981; Myles, 1985; Van Helder and Radomski, 1989).
Some researchers have further posited that individuals
who sleep less have more time to eat, resulting in further
increases in body weight (Magee et al., 2010).
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Fragmented sleep and lower subjective sleep quality
scores have also been linked with higher BMI and obesity
rates (Spiegel et al., 2009; Van den Berg et al., 2008;
Vogontzas et al., 1997). Obesity may predispose individu-
als to sleep disruptions, such as sleep apnea through the
narrowing of the upper airway (Wolkove et al., 2007). In
addition, disrupted sleep cycles often reduce the amount
of restorative slow-wave sleep (SWS) (Spiegel et al., 2009).
SWS appears to influence endocrine activity. For instance,
growth hormone (GH) secretion is stimulated during sleep
(Van Cauter et al.,, 1998, 2000). Conversely, the
hypothalamic-pituitary-adrenal (HPA) axis, which regu-
lates the release of cortisol, is inhibited during early SWS
(Gronfier et al., 1997; Spath-Schwalbe et al., 1993, 1994,
Weitzman et al., 1983). Sleep patterns therefore strongly
impact the production of these hormones, and abnormal
sleep cycles have been shown to diminish the characteris-
tic circadian rhythms of cortisol release and decrease noc-
turnal GH pulses (Van Cauter et al., 1991). Furthermore,
both cortisol and growth hormone typically counteract the
effects of insulin by inhibiting the removal of glucose from
circulation; it is therefore likely that decreased sleep qual-
ity and disrupted sleep cycles can modify energy mobiliza-
tion patterns (e.g., alter glucose regulation), thereby
increasing obesity risk.

Cross-cultural studies are urgently needed to distin-
guish which obesity risk factors represent biological deter-
minants shared between populations and which are
strongly influenced by behavioral and environmental fac-
tors. This information is critical, since the development of
effective obesity prevention strategies relies upon under-
standing how culturally influenced factors (e.g., activity
levels, sleep patterns, etc.) are related to increasing obe-
sity rates. To date, most sleep-obesity research has relied
upon data drawn from high-income nations, highlighting
patterns that may differ from less economically developed
countries. Assessing the association between sleep varia-
bles and obesity levels among lower income populations is
therefore essential.

The present study addresses this need by using cross-
cultural data from the first wave of the World Health
Organization’s Study on global AGEing and adult health
(SAGE) to examine links between sleep and obesity pat-
terns. Data from six middle-income countries (China,
Ghana, India, Mexico, Russian Federation, and South
Africa) are used to construct a comprehensive picture of
how sleep patterns and obesity among older adults vary
across lower income countries. Two hypotheses are tested:
1) Short sleep durations will be positively associated with
obesity; and, 2) Higher subjective sleep quality ratings
will be inversely related to obesity risk.

METHODS
Ethical approval

SAGE was approved by the World Health Organiza-
tion’s Ethical Review Committee. Additionally, partner
organizations in each country implementing SAGE
obtained ethical clearance through their respective insti-
tutional review bodies. Informed consent was obtained
from all study participants.

Study design and participants

Nationally representative samples of older adults (>50
years old) were drawn from each participating SAGE

country (Kowal et al., 2012). Sampling in each country
was based on a stratified multistage cluster sample
design. Strata were uniquely defined for each country to
ensure the full range of living conditions in that nation
were represented in the study (Naidoo, 2012). Face-to-
face interviews were used to collect household and indi-
vidual level data.

Sleep variables

During the face-to-face interview, participants were
asked how many hours they slept on each of the preceding
two nights. In accordance with other sleep studies, the
duration values across two nights were averaged together
to create a summary measure of sleep length (Faubel
et al., 2009; Patel et al., 2006). Participants were then
asked to rate their sleep quality for each night based on a
whole number scale of 1 to 5 (1=very good quality,
5 = very poor quality); these results were reverse coded so
that a higher rating corresponded with good quality sleep
and a lower rating represented poor quality sleep. The
quality values were then averaged to compute the typical
sleep quality for each individual. The sleep duration and
quality measures did not include daytime sleep.

Obesity risk measures

Obesity levels were assessed with two measurements.
Height (cm) and weight (kg) of each participant were
measured during the interview process; these values were
then used to calculate body mass index (BMI; kg/m?).
WHO (2000) classifications were used for BMI categories:
underweight (<18.5 kg/m?), normal (18.5-24.9 kg/m?),
overweight (25.0-29.9 kg/m?), and obese (>30 kg/m?).
Since the relationships among BMI, body fat percentage,
and health risk are different in Asian populations com-
pared to other groups, modified BMI cut-offs for China
and India were used: underweight (<18.5 kg/m?), normal
(18.5-22.9 kg/m?), increased risk (23.0-27.5 kg/m?), and
higher high risk (>27.5 kg/m?) (WHO, 2004).

WHO (2011) recommendations were used for categoriz-
ing health risk from waist circumference measurements
(WC): normal (<94 cm) and increased risk of cardiovascu-
lar disease and diabetes (>94 cm) for males, and normal
(<80 cm) and increased risk (>80 cm) for females. Modified
WC cut-offs were used for China and India; however, these
revised categories only adjust the risk classifications for
males: normal (<90 e¢m) and increased risk (>90 cm) (IDF,
2006). These BMI and WC categories were used to assess
obesity prevalence in each participant country.

Extreme outliers were identified with interquartile
ranges (IQRs) by sex, age, and country following Larson
(2006; if x < Q1 — 3 X IQR or x>Q3 + 3 X IQR). All analy-
ses were conducted separately for BMI and WC, and out-
liers were removed before statistical tests. These outliers
were most likely a result of measurement or data entry
errors and account for less than one percent of the total
sample. Given the total sample size, the overall impact of
removing the outliers is minimal and provides a more
accurate population estimate.

Lifestyle factors

To control for potential confounding lifestyle factors, a
variety of health measures were considered. Smoking and
drinking frequency were reported during the face-to-face
interview, and individuals were sorted into categories
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based on these responses. Smoking categories were
defined as “not at all,” “occasionally,” and “daily,” while
drinking categories included “not at all,” “occasionally”
(<8 days per month), and “moderate/heavy drinker” (>1
days per week). These variables were dummy coded using
the “not at all” category as the reference group. In addi-
tion, average participant blood pressure was included in
the analyses. Systolic (SBP) and diastolic blood pressure
(DBP) were each measured three times. The three SBP
values were averaged together to create a composite SBP
measure; similarly, the three DBP values were combined
to create an average DBP measure. High blood pressure is
associated with higher body weight (Mokdad et al., 2003;
Must et al., 1999), increased sleep disturbances (Ekstedt
et al., 2004), and elevated risk of sleep apnea (Lauderdale
et al., 2006). Thus, to control for the potential association
between blood pressure and obesity risk, systolic and dia-
stolic blood pressure were included as potential
confounders.

Total physical activity level (PAL) was also calculated
from interview data and included as a covariate to account
for the influence of activity patterns on obesity risk. Specifi-
cally, questions from the Global Physical Activity Question-
naire (GPAQ) were utilized in SAGE to determine self-
report physical activity patterns. This questionnaire is
designed to collect information about physical activity pat-
terns in different daily activities (Armstrong and Bull, 2006;
Bull et al., 2009). For example, participants were asked to
report the number of hours during a typical day they spent
in vigorous-intensity activities as part of their work, in
moderate-intensity activities as part of their work, in
vigorous-intensity activities during leisure time, and in
moderate-intensity activities during leisure time. Vigorous-
intensity activities were defined as those that caused large
increases in breathing or heart rate (e.g., heavy lifting, dig-
ging, or chopping wood), while moderate-intensity activities
were defined as those that caused small increases in breath-
ing or heart rate. Self-reported time spent in vigorous or
moderate exercise for both work and leisure were averaged
together to create a composite PAL measure (hours/day).
Finally, clinically depressed individuals were excluded from
all analyses. Disturbed sleep is a hallmark of depression
(Patel et al., 2006; Roberts et al., 2000; van den Burg et al.,
1975). Therefore, to clarify how sleep patterns influence obe-
sity risk in healthy individuals, 8,971 participants who
reported depression diagnosis by a medical professional or
who were missing responses were excluded from the present
study.

Statistical analyses

Tests for normality were performed, and no violations
were observed. Parametric tests were subsequently con-
ducted using SPSS version 20 to test the hypotheses, and
results were regarded as significant at P < 0.05.

Descriptive statistics. Weighted prevalence measures for
the categorical BMI and WC variables were calculated by
age category and sex for each country using the Complex
Samples module in SPSS. For each participant country,
individual weights were calculated at the person-level
based on the selection probability at each stage of selection
(Naidoo, 2012). For China, individual weights were post-
stratified by province, sex and age groups (18-49, 50-59,

60-69, 70+) according to the 2008 population projections
provided by China CDC and weight up to the total number
of persons aged 18+. In Ghana, individual weights were
post-stratified by region, locality, sex and age-groups (18—
49, 50-59, 60-69, 70+) according to the 2009 projected pop-
ulation estimates provided by Stats Ghana. Individual
weights in India were post-stratified by the six states,
locality, sex and age-groups (18—49, 50-59, 60-69, 70+)
according to the 2006 projected population estimates. For
Mexico, individual weights were post-stratified by sex and
age-groups (18-34, 35-49, 50-59, 60-105) according to the
2009 population census projections. Individual weights for
the Russian Federation were poststratified by federal dis-
trict, locality, sex and age-groups (18—49, 50-59, 60-69,
70+) according to the 2011 mean predictive population
estimates provided by Russian Federal State Statistics
Service. In South Africa, individual weights were post-
stratified by province, sex and age-groups (1849, 50-59,
60-69, 70+) according to the 2009 Medium Mid-Year popu-
lation estimates from Statistics South Africa.

Examination of the relative contribution of sleep duration
and sleep quality to BMI and WC variation. A series of lin-
ear regressions were conducted to test the hypotheses and
evaluate the relative contribution of country and sleep
patterns to obesity risk variation, while controlling for
lifestyle factors. Preliminary ;2 analyses indicated that
sex differences in BMI and WC prevalence were apparent
in all countries. In addition, significant sex differences in
sleep patterns have been observed in each country (Gild-
ner et al., 2014). Thus, following a standard approach
(Lovejoy and Sainsbury, 2009), all analyses were run sep-
arately by sex.

Smoking and drinking frequency dummy codes, aver-
age SBP and DBP, and total PAL were included in the first
step of all linear regression analyses to control for the con-
tribution of these measures to variation in obesity risk.
The six country categories were dummy coded using India
as the reference group (because this country had the low-
est BMI and WC averages). The country dummy codes
were entered in the second step of the regressions to
determine if participant country significantly contributed
to variation in BMI and WC levels, and to control for these
associations.

Hypothesis 1—Short sleep durations will be associated
with greater obesity risk. Linear regressions were used
to examine if average sleep duration contributed to varia-
tion in BMI or WC among older adults. BMI and WC as
continuous variables were used in all models. Sleep dura-
tion was entered in the third step of these models.
Hypothesis 2—Higher subjective sleep quality ratings will
be related to lower obesity risk. A second set of regres-
sions were conducted to estimate the relative contribution
of sleep quality to BMI or WC (as continuous variables).
Sleep quality was entered in the third step of these
models.

RESULTS
Descriptive statistics
BMI and WC measures by sex and country. Among men,
major differences existed between countries in prevalence

of underweight (from 0.5% in Mexican men to 39.3% in
Indian men) and obesity/high-risk (from 4.0% in Indian
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TABLE 1. Body mass index (BMI; kg/m?) category prevalence data for men, women, and sexes combined in each country with sample size (n)

Overweight/increased risk,
as % (n = 9,654)

Obese/higher risk,
as % (n = 5,273)

Underweight, Normal,
as % (n = 3,082) as % (n = 10,971)
China total 4.2 (541) 38.0 (4,680)
Men 4.2(247) 42.0(2,397)
Women 4.3 (294) 34.1(2,283)
Ghana total 14.8 (562) 55.7(2,139)
Men 14.8 (300) 60.5 (1,261)
Women 14.8 (262) 50.2 (878)
India total 38.4 (1,800) 39.3 (2,140)
Men 39.3 (951) 41.6 (1,179)
Women 37.4 (849) 36.9 (961)
Mexico total 0.6 (18) 21.6 (477)
Men 0.5 (6) 20.7 (220)
Women 0.8 (12) 22.6 (227)
Russia total 1.1(26) 23.9 (692)
Men 109 27.6 (313)
Women 1.2(17) 21.3 (379)
South Africa total 3.3(135) 22.8 (843)
Men 4.1(73) 28.0 (443)
Women 2.6 (62) 18.6 (400)

42.7 (5,049) 15.1(1,601)
42.4(2,348) 11.4 (570)
42.9(2,701) 18.6 (1,031)
19.8 (725) 9.7(343)
18.6 (352) 6.1(102)
21.2(373) 13.9 (241)
15.7 (933) 6.6 (376)
15.1 (465) 4.0 (116)
16.4 (468) 9.3 (260)
48.7(709) 29.0 (544)
57.2 (336) 21.6 (161)
39.7 (373) 36.9 (383)
40.6(1,288) 34.3 (1,016)
46.2 (564) 25.1 (226)
36.5 (724) 40.9 (790)
26.9 (950) 47.1(1,393)
28.5 (429) 39.4 (476)
25.6 (521) 53.1(917)

BMI categories are defined as: underweight (<18.5 kg/m?), normal (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese (>30 kg/m?) in non-Asian populations
and underweight (<18.5 kg/ m?), normal (18.5-22.9 kg/ m?), increased risk (23.0-27.5 kg/ m?), and higher high risk (>27.5 kg/ m?) in Asian populations.

men to 39.4% in South African men) (see Table 1). There
was also substantial variation between countries in the
prevalence of individuals in the increased risk WC cate-
gory (17.1% in men from Ghana to 62.2% in Mexican men)
(see Table 2). Women also exhibited major differences
between countries in prevalence of underweight (from
0.8% in Mexican women to 37.4% in Indian women) and
obesity/high risk (from 8.8% in India to 51.0% in South
Africa) (see Table 1). Furthermore, women displayed vari-
ability in prevalence of individuals in the increased risk
WC category (53.1% in India to 89.7% in Mexico) (see
Table 2).

Association between sleep duration and obesity risk
measures by sex

Linear regressions were used to assess the contribution
of sleep duration to BMI variation while controlling for
lifestyle factors and country (see Table 3). In men pooled
from all countries, lifestyle measures explained a signifi-
cant amount of the variance in BMI (R?=0.107,
P <0.001). Adding the country dummy codes explained a
significant amount of additional BMI variation (R?
change = 0.197, P<0.001), indicating that participant
country significantly contributed to BMI variation. Com-
pared to India, men in the other countries had signifi-
cantly higher BMI (P <0.001). Adding sleep duration
explained a moderate yet significant amount of additional
variance (R? change = 0.003, P < 0.001). Specifically, lon-
ger sleep durations were significantly associated with
lower BMI measures (= —0.058; P<0.001); although
this effect is small, the relationship was statistically sig-
nificant in part because of the large sample size.

Linear regressions were also conducted for women
pooled from all countries (see Table 3). Again, lifestyle
measures explained a significant amount of the variance
in BMI (R“=0.111, P<0.001). Adding the country
dummy codes explained a significant amount of additional
variation in BMI (R? change = 0.144, P <0.001), with
women in all countries exhibiting significantly higher
BMI values compared to India (P <0.05). Adding sleep
duration explained a moderate yet significant amount of
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additional variance (R? change = 0.005, P = 0.039); specif-
ically, longer sleep durations were significantly associated
with lower BMI measures (= —0.076; P = 0.039).

The linear regression examining the contribution of
sleep duration to variation in WC for men indicated that
lifestyle factors explained a significant amount of the var-
iance in WC (R%=0.090, P <0.001) (see Table 4). Adding
the country dummy codes explained a significant amount
of additional variation in WC (R? change=0.133,
P <0.001); men in all the countries except Ghana dis-
played significantly higher WC measures compared to
India (P < 0.01). Adding average sleep duration explained
a significant amount of additional variance (R% change-
=0.004, P <0.001), in which WC decreased significantly
as sleep duration increased (= —0.063; P <0.001).
Again, this very small but statistically significant result is
in part a result of the large sample size.

The results of the linear regression examining the con-
tribution of sleep duration to variation in WC for women
indicated that lifestyle factors explained a significant
amount of the variance in WC (R2 = 0.064, P < 0.001) (see
Table 4). Adding the country dummy codes explained a
significant amount of additional variation in WC (R?
change = 0.091, P <0.001); women in all the countries
exhibited significantly higher WC measures when com-
pared to India (P <0.05). Finally, adding average sleep
duration explained a significant amount of additional var-
iance in WC (R? change = 0.006, P = 0.030). Longer sleep
durations were significantly associated with lower meas-
ures of WC (= —0.086; P = 0.030).

Associations between sleep quality and obesity risk
measures by sex

Linear regressions were conducted to assess the contri-
bution of self-reported sleep quality to BMI variation
while controlling for lifestyle factors and country. In men
pooled from all countries, lifestyle measures exglained a
significant amount of the variance in BMI (R”=0.111,
P <0.001) (see Table 3). Adding the country dummy codes
explained a significant amount of additional variation in
BMI (R? change = 0.198, P <0.001): compared to India,
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TABLE 2. Waist circumference (WC; cm) category prevalence data for
men, women, and sexes combined in each country with sample size (n)

Normal, as % Increased risk, as %

(n = 13,862) (n = 14,855)
China total 51.2(6,081) 48.8 (5,886)
Men 70.7 (3,963) 29.8 (1,651)
Women 31.9(2,118) 68.1 (4,235)
Ghana total 59.7 (2,297) 40.3 (1,480)
Men 82.9 (1,721) 17.1(299)
Women 32.6 (576) 67.4(1,181)
India total 63.8 (3,308) 36.2(1,976)
Men 79.5 (2,128) 20.5 (595)
Women 46.9 (1,180) 53.1(1,381)
Mexico total 24.4 (342) 75.6 (1,395)
Men 37.8 (248) 62.2 (480)
Women 10.3 (94) 89.7 (915)
Russia total 31.9 (694) 68.1(1,983)
Men 46.9 (436) 53.1(491)
Women 21.9 (258) 78.1(1,492)
South Africa total 34.9 (1,140) 65.1(2,135)
Men 53.9 (776) 46.1(624)
Women 20.0 (364) 80.0(1,511)

In non-Asian countries WC categories are defined as: normal (<94 c¢m) and
increased risk (>94 cm) for males, and normal (<80 cm) and increased risk
(>80 cm) for females. In Asian countries WC categories are defined as: normal
(<90 em) and increased risk (>90 ¢m) for males, and normal (<80 c¢cm) and
increased risk (>80 cm) for females.

men in the other countries had significantly higher BMI
(P <0.01). Adding average sleep quality explained a sig-
nificant amount of additional variance (R? change-
=0.002, P=0.001); specifically, higher sleep quality
ratings were significantly associated with higher BMI
measures (f = 0.042; P = 0.001). However, when examined
by country, this significant positive relationship between
sleep quality and BMI was only apparent in men from
India (P <0.001) and China (P =0.001), indicating that
cultural factors may account for this unexpected trend.

Similarly, lifestyle measures explained a significant
amount of the variance in the BMI measures of women
(R%2=0.121, P <0.001) (see Table 3). Adding the country
dummy codes explained a significant amount of additional
variation in BMI (R? change = 0.156, P < 0.001); women
in all countries had significantly higher BMI values when
compared to India (P < 0.05). Adding sleep quality did not
explain a significant amount of additional variance in the
model (R2 change = 0.000, P = 0.804).

Linear regressions were also used to examine the con-
tribution of sleep quality to WC variation for men (see
Table 4). This analysis indicated that lifestyle factors
explained a significant amount of the variance in male
WC (R%=0.094, P<0.001). Adding the country dummy
codes explained a significant amount of additional varia-
tion in WC (R? change = 0.136, P < 0.001); men in all the
countries except Ghana displayed significantly higher WC
measures compared to India (P <0.01). Adding average
sleep quality explained a significant amount of additional
variance (R? change =0.002, P=0.001); WC increased
significantly as sleep quality ratings increased
(f=-0.044; P=0.001). However, when examined by
country, only men in India (P=0.001) and China
(P<0.001) displayed this significant association; this
again suggests that cultural factors may account for this
surprising pattern.

The results of the linear regression examining the con-
tribution of average sleep quality ratings to WC variation
in women indicated that lifestyle factors explained a

significant amount of the variance in WC (R%=0.077,
P <0.001) (see Table 4). Adding the country dummy codes
explained a significant amount of additional variation in
WC (R? change = 0.095, P < 0.001); women in all the coun-
tries except Ghana exhibited significantly higher WC
measures compared to women in India (P < 0.05). Adding
average sleep quality did not explain a significant amount
of additional WC variance in the model (R? change-
=0.001, P =0.439).

DISCUSSION

This study provides a unique examination of the inter-
actions between sleep quality, duration, and obesity risk
in older individuals. Previous research investigating
these variables have been restricted to high-income coun-
tries, and several large cross-sectional studies in the US
have documented a U-shaped relationship (Kripke et al.,
2002; Singh et al., 2005; Taheri et al., 2004) or negative
linear relationship (Gangwisch et al., 2005) between sleep
duration and BMI. This suggests that sleep patterns and
obesity levels may influence each other. The SAGE study
offers a distinctive opportunity to further test these asso-
ciations using a large sample drawn from several diverse
nations; further, this sample is representative of the
range of living conditions in each country.

The present study found support for one of the two
hypotheses. As expected, shorter sleep durations were sig-
nificantly associated with higher BMI and WC measures
for both men and women. Both BMI and WC measures
were lower at longer sleep durations. However, the results
did not support the hypotheses that poor sleep quality
would significantly contribute to patterns in obesity risk.

Sleep duration and obesity risk. The relative contribution
of sleep duration to obesity risk was rather low compared
to several other factors included in the linear regression
models (e.g., participant country, blood pressure meas-
ures, and smoking level) (see Tables 3 and 4). Still, the
present study did document a significant inverse relation-
ship between sleep duration and obesity risk that is con-
sistent with research examining smaller samples from
high-income countries. These previous studies indicate
that sleep deprivation alters hormone secretion levels,
thus affecting obesity risk. These changes result in appe-
tite stimulation and satiation repression, increasing the
frequency and portion size of food consumed (Knutson
and Van Cauter, 2008; Patel and Hu, 2008). However, the
directionality of the relationship between short sleep
duration and increased obesity rates is unclear. Previous
findings indicate that obese individuals are more likely to
be diagnosed with sleep apnea, a condition characterized
by the repeated cessation of breathing during sleep
(Vgontzas et al., 2000). This condition is caused by a col-
lapse of the throat, a process often exacerbated by excess
weight (Dement, 1999). Thus, obesity-induced sleep apnea
may result in short sleep durations, daytime fatigue, and
reduced activity levels. Therefore, while short sleep dura-
tions may increase obesity risk, excess weight can also
impair sleep patterns. This may result in a circular pat-
tern in which sleep patterns and body composition contin-
ually affect one another and further deteriorate.
Longitudinal studies are needed to further elucidate the
directionality of these complex interactions.
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TABLE 3. Multiple regression models for prediction of BMI (populations combined)®®

Variable Coefficients (SE) B P Model r? and P
Sleep duration (hr/night)
Men
BMI (kg/m?) 0.31/<0.001 %%
Constant 18.246 (0.445) <0.001
Average systolic blood pressure 0.029 (0.003) 0.158 <0.001
Average diastolic blood pressure 0.003 (0.005) 0.010 =0.573
Total physical activity level —0.018 (0.014) —0.016 =0.190
Smoking
Occasionally —0.362 (0.215) —0.022 =0.092
Daily —1.031(0.132) -0.113 <0.001
Drinking
Occasionally 0.065 (0.150) 0.007 =0.667
Moderate/heavy drinker —0.385 (0.158) —0.043 =0.014
Country
Mexico 6.190 (0.252) 0.377 <0.001
Ghana 0.926 (0.226) 0.067 <0.001
China 2.819 (0.169) 0.323 <0.001
South Africa 4.504 (0.261) 0.258 <0.001
Russia 6.396 (0.208) 0.497 <0.001
Average sleep duration —0.165 (0.035) —0.058 <0.001
Women
BMI (kg/m?) 0.24/=0.039*
Constant 16.025 (2.141) <0.001
Average systolic blood pressure 0.014 (0.013) 0.052 =0.293
Average diastolic blood pressure 0.057 (0.022) 0.136 =0.012
Total physical activity level 0.005 (0.076) 0.002 =0.952
Smoking
Occasionally —1.491(0.777) —0.072 =0.055
Daily —1.578(0.559) -0.115 =0.005
Drinking
Occasionally 0.822 (0.664) 0.060 =0.216
Moderate/heavy drinker —0.572 (0.783) -0.035 =0.465
Country
Mexico 9.604 (1.195) 0.491 <0.001
Ghana 2.926 (1.190) 0.123 =0.014
China 4.550 (1.088) 0.238 <0.001
South Africa 7.437(1.002) 0.504 <0.001
Russia 8.752(1.011) 0.542 <0.001
Average sleep duration —0.324 (0.157) -0.076 =0.039
Sleep quality (average rating of two previous nights on scale 1-5)
Men
BMI (kg/m?) 0.31/=0.001%*
Constant 16.293(0.454) <0.001
Average systolic blood pressure 0.028 (0.003) 0.149 <0.001
Average diastolic blood pressure 0.004 (0.005) 0.013 =0.422
Total physical activity level —0.020 (0.014) —0.017 =0.149
Smoking
Occasionally —0.361(0.210) —0.022 =0.085
Daily —1.073(0.128) —-0.118 <0.001
Drinking
Occasionally 0.061 (0.147) 0.007 =0.679
Moderate/heavy drinker —0.412 (0.154) —0.046 =0.008
Country
Mexico 6.023 (0.250) 0.363 <0.001
Ghana 0.735(0.212) 0.056 =0.001
China 2.778 (0.167) 0.318 <0.001
South Africa 4.187(0.251) 0.238 <0.001
Russia 6.312 (0.203) 0.501 <0.001
Average sleep quality 0.250 (0.072) 0.042 =0.001
Women 0.26/=0.804
BMI (kg/m?)
Constant 14.588 (2.078) <0.001
Average systolic blood pressure 0.013(0.013) 0.048 =0.316
Average diastolic blood pressure 0.051 (0.022) 0.121 =0.018
Total physical activity level 0.028 (0.072) 0.014 =0.693
Smoking
Occasionally —1.675(0.746) —0.080 =0.025
Daily —1.958 (0.533) —0.142 <0.001
Drinking
Occasionally 0.785 (0.632) 0.057 =0.214
Moderate/heavy drinker —0.372(0.737) —0.023 =0.614
Country
Mexico 9.673(1.172) 0.475 <0.001
Ghana 2.183 (1.039) 0.110 =0.036
China 4.578 (1.065) 0.232 <0.001
South Africa 7.189 (0.972) 0.476 <0.001
Russia 8.662 (0.993) 0.524 <0.001
Average sleep quality —0.074 (0.298) —0.008 =0.804

2Comparisons are statistically significant at: *P < 0.05, **P < 0.01, ***P < 0.001.
PReference groups used in the creation of dummy codes for each categorical variable:
i. Smoking levels = not at all.
ii. Drinking levels = not at all.
iii. Country = India.
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TABLE 4. Multiple regression models for prediction of WC (populations combined)®®

Variable Coefficients (SE) B P Model 72 and p
Sleep duration (hr/night)
Men
WC (cm) 0.23/<0.001%**
Constant 79.393 (1.359) <0.001
Average systolic blood pressure 0.075 (0.010) 0.141 <0.001
Average diastolic blood pressure —0.008 (0.015) -0.009 =0.603
Total physical activity level —0.194 (0.043) —0.059 <0.001
Smoking
Occasionally —1.635 (0.664) —0.034 =0.014
Daily —3.385 (0.405) —0.129 <0.001
Drinking
Occasionally 0.658 (0.460) 0.026 =0.152
Moderate/heavy drinker —0.529 (0.482) -0.021 =0.272
Country
Mexico 15.173 (0.769) 0.322 <0.001
Ghana —1.794 (0.690) —0.045 =0.009
China 1.620 (0.513) 0.064 =0.002
South Africa 3.684 (0.792) 0.074 <0.001
Russia 11.102 (0.659) 0.282 <0.001
Average sleep duration —0.512(0.107) —0.063 <0.001
Women
WC (cm) 0.16/=0.030*
Constant 74.034 (5.347) <0.001
Average systolic blood pressure 0.076 (0.033) 0.121 =0.022
Average diastolic blood pressure —0.002 (0.056) —0.002 =0.967
Total physical activity level 0.076 (0.191) 0.016 =0.690
Smoking
Occasionally —1.708 (1.942) —0.036 =0.379
Daily —1.444 (1.403) —0.045 =0.304
Drinking
Occasionally 1.743 (1.662) 0.054 =0.294
Moderate/heavy drinker —0.738 (1.965) —0.019 =0.707
Country
Mexico 19.240 (2.961) 0.423 <0.001
Ghana 9.782 (2.957) 0.178 =0.001
China 5.464 (2.695) 0.122 =0.043
South Africa 12.324 (2.490) 0.356 <0.001
Russia 15.426 (2.533) 0.400 <0.001
Average sleep duration —0.848 (0.390) -0.086 =0.030
Sleep quality (average rating of two previous nights on scale 1-5)
Men
WC (cm) 0.23/=0.001%*
Constant 73.264 (1.388) <0.001
Average systolic blood pressure 0.071 (0.009) 0.132 <0.001
Average diastolic blood pressure —0.004 (0.015) —0.004 =0.821
Total physical activity level —0.205 (0.042) —0.062 <0.001
Smoking
Occasionally —1.546 (0.651) —0.032 =0.018
Daily —3.485 (0.394) —0.132 <0.001
Drinking
Occasionally 0.679 (0.452) 0.026 =0.133
Moderate/heavy drinker —0.630 (0.473) -0.025 =0.183
Country
Mexico 14.662 (0.763) 0.308 <0.001
Ghana —2.655 (0.646) -0.071 <0.001
China 1.493 (0.507) 0.059 =0.003
South Africa 2.699 (0.764) 0.053 <0.001
Russia 10.916 (0.642) 0.283 <0.001
Average sleep quality 0.759 (0.220) —0.044 =0.001
Women
WC (cm) 0.16/=0.439
Constant 67.438 (5.207) <0.001
Average systolic blood pressure 0.075 (0.032) 0.119 =0.020
Average diastolic blood pressure —0.005 (0.054) —0.005 =0.923
Total physical activity level 0.121 (0.182) 0.025 =0.508
Smoking
Occasionally —2.617 (1.864) —0.054 =0.161
Daily —2.862 (1.334) —0.089 =0.032
Drinking
Occasionally 1.271(1.578) 0.039 =0.421
Moderate/heavy drinker —0.823 (1.847) —0.022 =0.656
Country
Mexico 18.175 (2.903) 0.388 <0.001
Ghana 4.654 (2.578) 0.102 =0.071
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TABLE 4. Continued

Variable Coefficients (SE) B p Model 72 and p
China 5.458 (2.637) 0.119 =0.039
South Africa 10.644 (2.415) 0.302 <0.001
Russia 14.973 (2.485) 0.382 <0.001
Average sleep quality 0.581 (0.750) 0.028 =0.439

2Comparisons are statistically significant at: *P < 0.05, **P < 0.01, ***P < 0.001.

PReference groups used in the creation of dummy codes for each categorical variable:

i. Smoking levels = not at all.
ii. Drinking levels = not at all.
iii. Country = India.

Sleep quality and obesity risk. Interestingly, the analyses
did not demonstrate a significant association between low
sleep quality and obesity risk; instead, it appears that
increased sleep quality significantly contributed to higher
BMI and WC values in men from certain countries. How-
ever, the contribution of sleep quality to obesity risk was
small relative to many other factors included in the linear
regression models (e.g., participant country, blood pres-
sure measures, and smoking level) (see Tables 3 and 4).
Furthermore, when examined by country, this significant
positive relationship was only apparent in men from India
and China. This unexpected pattern may therefore be the
result of socioeconomic differences and living conditions
in these two countries. Social factors like financial stress,
health concerns, and an unfavorable work schedule (e.g.,
working the night shift) have been shown to negatively
affect sleep quality (Lallukka et al., 2012; Mezick et al.,
2008; Stamatakis et al., 2007). Economic infrastructure
and occupation status therefore play an important role in
shaping sleep patterns. It is possible that individuals of
higher socioeconomic status (SES) are less exposed to
these adverse social stressors and subsequently report
higher sleep quality scores. However, wealthier individu-
als in these countries may also have increased access to
market economy goods such as processed foods, and there-
fore demonstrate higher BMI and WC scores. Thus, it is
possible that individuals of higher SES in India and
China may report improved sleep quality while simulta-
neously exhibiting increased obesity rates; however, this
remains to be tested.

Limitations

The present study has several important limitations.
The sleep data used relied on self-report responses con-
cerning sleep duration, yet it is often difficult for individu-
als to discern between time in bed and time asleep.
Studies indicate that participants often report time in bed
when asked how long they slept, thus overestimating time
spent asleep (Stenholm et al., 2011). Objective measures
based on polysomnography or actigraphy are recom-
mended to more precisely record individual sleep patterns
(e.g., sleep duration, transitions between sleep states, and
duration of night awakenings) (Lockley et al., 2002).
Thus, these objective sleep measures may further illumi-
nate the relationship between sleep patterns and obesity
risk. For example, a recent study by Mezick and col-
leagues found that actigraphy assessments of sleep were
more strongly associated with body weight and WC than
self-report. Both self-reported and actigraphy-assessed
total sleep time in that study were more strongly associ-
ated with higher BMI in a combined sample of men and
women (Mezick et al., 2014). Yet, when the analyses were
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stratified by gender, shorter actigraphy-assessed sleep
was significantly associated with higher BMI and WC in
women but not men. Actigraphy-assessed sleep efficiency
also exhibited a significant inverse relationship with both
BMI and WC in women but not men (Mezick et al., 2014).
It is therefore possible that objective sleep measures may
better capture the association between sleep quality and
obesity risk, and may demonstrate that significant rela-
tionships between sleep patterns and obesity risk are
more pronounced in women. However, objective sleep
measures are typically more invasive and expensive, mak-
ing it difficult to recruit the large nationally-
representative samples required for cross-cultural com-
parisons. A second limitation is the dependence on data
from only two nights of sleep; these values may not accu-
rately characterize usual sleep patterns.

Further, it is possible that sleep apnea may underlie the
observed associations between sleep and obesity. How-
ever, information on sleep apnea and other sleep disorders
was not included in the SAGE participant questionnaire;
it was therefore not possible to include sleep apnea as a
possible confounder in this study. Still, a positive correla-
tion has been documented between high blood pressure
and risk of sleep apnea (Caples et al., 2007; Lauderdale
et al., 2006). Sleep apnea appears to trigger an exagger-
ated peripheral chemoreflex response; this chemoreflex
activation subsequently increases peripheral vasculariza-
tion and elevates arterial blood pressure (Narkiewicz
et al., 1999; Somers et al., 1995). Thus, inclusion of blood
pressure as a confounder in the present analyses may
have captured some of the contribution of cardiorespira-
tory conditions to variation in BMI and WC.

Finally, due to the cross-sectional nature of the data used
in the present study, it is not possible to establish causality
between variables. It is possible that the differences in obe-
sity levels observed may not be due to deficient sleep pat-
terns; instead, high BMI and WC levels in older individuals
could result in short sleep duration. Longitudinal data fol-
lowing the progression of these trends over time is required
to further parse out these interactions. SAGE is currently
collecting a second wave of data on study participants,
which will help address this issue. These data will also facil-
itate the examination of other issues such as undiagnosed
illness, which could affect sleep and obesity risk, but would
only be detected over long periods of time. These data could
also be used to examine how cultural differences, individual
SES, and living conditions (e.g., urban vs. rural) influence
long-term health patterns. However, given the association
between short sleep duration and increased obesity risk,
the diagnosis of sleep disorders in older adults is an impor-
tant consideration for the design and implementation of
effective obesity prevention programs.



SLEEP PATTERNS, BMI, AND WC IN OLDER ADULTS 9

CONCLUSION

This study documented significant but modest relation-
ships between sleep quantity and obesity risk among
older individuals from six middle-income countries. These
results support previous findings in high-income popula-
tions and suggest that longer sleep durations are associ-
ated with reduced obesity levels cross-culturally in
diverse societies. Thus, increasing sleep duration in sleep-
deprived individuals is an important consideration in
future clinical studies aimed at decreasing obesity preva-
lence among older individuals.

This connection is especially relevant given the growing
global rate of obesity and subsequent health conditions
linked with excess weight (e.g., diabetes and cardiovascu-
lar disease). High obesity and overweight prevalence val-
ues have been documented in older adults over the age of
60 in several populations, including the US (33.8%) and
Spain (31.5% of men and 40.8% of women); these values
are expected to increase in coming years as populations
continue to age (Flegal et al., 2010; Gutiérrez-Fisac et al.,
2004). Diseases associated with excess weight gain have
likewise demonstrated substantial increases in preva-
lence, a trend that is projected to continue in the future.
The global prevalence of diabetes is expected to rise from
285 million to 439 million individuals by 2030, a 54%
increase (Chen et al., 2012). Furthermore, substantial
percentage increases in the number of diabetes cases have
been projected in South Africa (98-162%), India (72—
150%), and China (47-104%) by the year 2030 (Chen
et al., 2012; Hossain et al., 2007). The largest increase in
frequency of diabetes diagnoses is predicted to occur in
individuals >65 years of age as a result of aging popula-
tions (Wild et al., 2004).

Furthermore, the global obesity pandemic is associated
with considerable healthcare costs, especially among
older individuals. In 2004, it was estimated that an obese
70-year-old member of the Medicare population accumu-
lates $39,000 in additional medical costs compared to a
non-obese peer (Lakdawalla et al., 2005). These costs will
continue to rise in coming years as obesity prevalence
increases. The implementation of effective programs to
prevent obesity should therefore be prioritized; these
interventions have the potential to reduce the global bur-
den of chronic disease and save millions of dollars in
healthcare spending. Thus, the modest yet significant con-
tribution of sleep duration to variation in obesity risk
documented in the present study suggests that interven-
tions improving sleep patterns could potentially offer such
an intervention. These interactions therefore deserve
careful consideration in the design of future clinical
interventions.
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