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Abstract
Aim: To determine the relationship between sleep duration and obesity in Turkish children and

adolescents.

Methods: This study was conducted in Turkey with 5358 children aged 6 to 17 years. Height, weight,

waist circumference (WC), mid-upper arm circumference (MUAC), triceps skinfold thickness were

measured. Body mass index (BMI), arm fat area were calculated. Self-reported sleep duration by

parents were obtained.

Results: As sleep duration increased, BMI, which was significantly higher in girls sleeping ≤8 h,

decreased (p < 0.05). WC, MUAC, BMI were significantly higher in boys sleeping ≤8 h versus males

sleeping ≥10 h. Boys sleeping ≤10 h in 6.0–17.0-years had significantly higher risk of

overweight/obesity. In 6.0 to 17.0 years, the risk of overweight/obesity in boys sleeping 9–10 h,

8–9 h and ≤8 h were 1.86-, 1.74- and 2.06-times higher respectively, versus children sleeping

≥10 h (p < 0.05).

Conclusion: Sleep duration may be an important factor for obesity and providing ≥10 h of sleep is

recommended as a prevention strategy for obesity.

INTRODUCTION
Obesity during childhood is associated with numerous ad-
verse health outcomes and, as well as psychological effects
such as stigmatization, discrimination, depression and emo-
tional trauma (1). There are several anthropometric indices
to predict obesity. Among them, body mass index (BMI),
although widely used, is a crude index of obesity because
it fails to consider body composition. In contrast, skinfold
thickness and waist circumference (WC) can provide addi-
tional information on body fatness (2). Management of obe-
sity requires adequate criteria to describe the excess body
fat. Anthropometric indices, commonly BMI is used to de-
termine obesity. Other anthropometric indices like, WC,
mid-upper arm circumference (MUAC), triceps skinfold
thickness (TSF), arm fat area (AFA) and fat percentage (%)
also determine the distribution of body fat. AFA, and WC
indicate the effect of fat distribution, as additional indices
with BMI (3).

The association of short sleep duration with higher adi-
posity has been previously described for children and adoles-
cents (4,5). Children who habitually sleep ≥11.5 h/day have
less than half the risk of high adiposity than those sleep-
ing ≤10 h/day (4). For adolescents, each additional hour of
sleep has been found to decrease the odds of obesity by 80%,
where fat% and BMI were considered together, to identify
obesity (5).

Currently, there is an interest in the possible association
between sleep duration and obesity (6). One possible con-
sequence of sleep deprivation may be an increased risk of
weight gain (7).

In the current study, we aimed to investigate the interac-
tion of sleep duration and obesity in a sample of Turkish
children and adolescents. Additionally, new indices, which
describe the fat distribution were included in determining
the relationship between sleep duration and obesity.

METHODS
Study design
This cross-sectional study was conducted on 5358 (2737
girls, 2621 boys) Turkish children aged 6–17 years. The
age of each child was verified from the school records. The
chronological age was calculated as the decimal age by sub-
tracting the observation date from the birth date. To calcu-
late the age in days, the birthday date was used. Each year
elapsed from the birth date noted as one age (e.g. 7 indi-
cates 7.00–7.99 years, etc.). Data were collected after ob-
taining the necessary approval from children, parents and
school authorities. Child suffering from any systemic dis-
ease or with major surgical operations was excluded. The
protocol and procedure employed was in accordance with
the human ethical guidelines of Helsinki Declaration.
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Data collection
Anthropometric indices
Height, weight, WC, MUAC and TSF of each child were
measured twice, using standard techniques and the mean
was recorded (8,9). AFA, which is proposed as the best in-
dicator of body fat in school-aged children, was calculated
as described elsewhere (10,11). For each child, the BMI was
calculated according to the formula weight (kg)/height (m)2.
The prevalence of overweight was calculated according to
International Obesity Task Force (IOTF) cut-offs (12).

Demographics
A questionnaire was sent to the parents and the question
pertaining to sleep asked, ‘how many hours (h) of sleep do
your child usually get?’ which would represent their habitual
sleep duration. Sleep duration was categorized as follows:
≤8 h, 8–9 h, 9–10 h and ≥10 h (6,13–15).

Statistical analysis
In comparisons, the dependent variable was the sum of over-
weight/obese for each age and gender. The Mann–Whitney
U test was used to compare each variable among gender for
each age. The chi-square test was used to compare the per-
centage of overweight/obesity for gender within each age.
Anthropometric indices were compared with sleep duration
by analysis of covariance (adjustment for multiple compar-
isons: Bonferroni), where age was the covariate. In order
to analyze the difference between sleep duration categories
for both gender, Kruskal–Wallis one-way analysis of vari-
ance on ranks, was performed. For the entire sample (6.0-
to 17.0-year group), the mean duration of computer use and
television (TV) viewing (h) according to sleep duration cat-
egories were performed with one-way analysis of variance.

Simple linear regression models (adjusted for age), were
used to examine the relationship between sleep dura-
tion and BMI, WC and AFA. Binary logistic regression
analysis (adjusted for age), were used to examine the

Table 1 Comparison of sleep duration with antropometric indices for both gender

Sleep duration (h)

≤8 8.1–8.9 9.0–9.9 ≥10
Gender Anthropometric indices n = 1125 n = 741 n = 561 n = 194 P

AFA (cm2) 9.5 (0.20) 9.4 (0.20) 8.9 (0.20) 8.7 (0.40) 0.091
WC (cm) 65.7 (0.23)a 65.2 (0.28)ab 65.5 (0.30)ab 63.9 (0.60)b 0.028

Boys TSF (mm) 9.6 (0.14) 9.6 (0.16) 9.2 (0.19) 9.0 (0.32) 0.113
MUAC (cm) 20.8 (0.08)a 20.5 (0.10)b 20.5 (0.12)ab 20.4 (0.19)ab 0.013
BMI (kg/m2) 19.5 (0.09)a 19.2 (0.10)ab 19.1 (0.12)ab 18.7 (0.20)b 0.004

n = 1275 n = 704 n = 562 n = 196

AFA (cm2) 12.8 (0.17) 12.5 (0.22) 12.7 (0.26) 11.9 (0.43) 0.247
WC (cm) 62.4 (0.19) 62.3 (0.24) 62.2 (0.27) 61.4 (0.46) 0.202

Girls TSF (mm) 13.3 (0.16) 12.9 (0.20) 13.1 (0.23) 12.5 (0.38) 0.270
MUAC (cm) 20.9 (0.07) 20.9 (0.09) 20.9 (0.11) 20.6 (0.18) 0.289
BMI (kg/m2) 19.6 (0.08)a 19.4 (0.11)ab 19.4 (0.12)ab 18.9 (0.20)b 0.019

Values were expressed as age-adjusted means (SE)
Statistically significant (P < 0.05) different anthropometric indices between sleep duration were labeled with different letters

relationship between sleep duration and being over-
weight/obese. All statistical analyses were performed by
the Statistical Package for the Social Sciences version 13.0
(SPSS Inc., Chicago, IL, USA). Two-tailed p-values of <0.05
were considered to be significant.

RESULTS
The prevalence of overweight for both gender, for 6.0 to 17.0
ages were 15.8%, while the prevalence of obesity was signif-
icantly higher in boys (3.9%) compared with girls (2.8%)
(p < 0.05). The anthropometric indices according to ages
were shown in Table S1. For all ages within both gender,
the difference of median TSF was found to be statistically
significant. For WC, all ages except 6 and 7, were signifi-
cant. For BMI; 8, 9, 14 and 16 years were significant. For
sleep duration, only 17 year was significant (Table S1).

For both gender within age, statistically significant differ-
ences were detected between TV viewing, computer use and
sleep duration (p < 0.05).

BMI decreased through sleep duration categories. BMI
was significantly higher in girls sleeping ≤8 h versus ≥10 h
(p < 0.05, Table 1). WC, and BMI were significantly higher
in boys sleeping ≤8 h versus boys sleeping ≥10 h (p < 0.05,
Table 1).

For both gender, significant and poor (r = 0.20–0.40) neg-
ative correlations were detected between sleep duration and
anthropometric indices. Thus, BMI, WC and AFA decreased
with the increase in sleep duration (p < 0.05, Table 2).

Children sleeping ≥10 h had the lowest rate of over-
weight/obesity (13.8%) than other groups (p < 0.05,
Table 3).

According to the results of binary logistic regression anal-
ysis; for boys sleeping ≥10 h versus 9.0–9.9 h the odds ratios
(OR) and 95% confidence intervals (CI) were 1.86 (1.17–
2.97), for those sleeping 8.1–8.9 h 1.74 (1.10–2.75) and ≤8
h 2.06 (1.31–3.24), respectively. The decrease in the sleep
duration had significantly increased the overweight/obesity
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Table 2 Simple linear regression analyses between sleep duration and BMI,
WC, AFA

Gender

Variables Boys Girls
n = 2621 n = 2737

BMI† r = −0.35 r = −0.40
R2 = 0.12 R2 = 0.16

Sleep duration‡ −2.085a (−2.299, −1.872) −2.360a (−2.565, −2.155)
WC† r = −0.35 r = −0.40

R2 = 0.12 R2 = 0.16
Sleep duration‡ −7.138a (−7.868, −6.408) −6.825a (−7.413, −6.236)
AFA† r = −0.20 r = −0.29

R2 = 0.04 R2 = 0.08
Sleep duration‡ −1.097a (−1.302, −0.891) −2.031 (−2.284, −1.779)

† Dependent variable, ‡ Independent variable, a indicates p < 0.05
Values were expressed as beta-coefficient and 95% confidence intervals.
Gender-specific models were adjusted for age.
R2 was used to assess the strength of the relationship between the global
rating and chance in BMI, WC, and AFA.

Table 3 The percentages of overweight/obese children according to sleep
duration

Sleep duration (h) BMI (kg/m2)

Normal weight Overweight/obese
Total

n % n % n

≥10.0 336 86.2 54 13.8 390
9.0–9.9 899 80.1 224 19.9 1123
8.1–8.9 1158 80.1 287 19.9 1445
≤8.0 1940 80.8 460 19.2 2400
Total 4333 80.9 1025 19.1 5358

χ2 = 8.0 P < 0.05

risk (p < 0.05); while no significant relationship was de-
tected for girls.

According to sleep duration categories for boys and girls;
the mean duration for computer use was 0.7 h in ≤8 h sleep-
ers, 0.6 h in 8–9 h sleepers, 0.5 h in 9–10 h sleepers and 0.4
h in ≥10 h sleepers (p < 0.001). The mean duration for TV
viewing was 2.8 h in ≤8 h sleepers, 3 h in 8–9 h sleepers,
3.2 h in 9–10 h sleepers and 3.1 h in ≥10 h sleepers (p <

0.001). With post-hoc test (Tukey test), the duration of com-
puter use was significantly different for ≤8 h sleepers than
other groups, whereas, the duration of TV viewing was sig-
nificantly different for ≤8 h and 9–10 h sleepers than other
groups.

DISCUSSION
The major contributions of this study to the current liter-
ature were both providing the relationship of obesity and
decreased sleep duration, and describing the interactions
between obesity, sleep duration and anthropometric indices;
like WC, MUAC, TSF and AFA.

At the present time, childhood obesity is a major pub-
lic health problem and its prevalence has been increasing

worldwide over the last decades. Both genetic and lifestyle
factors may be causes of childhood obesity (16). The most
important lifestyle factors contributing to childhood obesity
are sedentary behaviours, such as increased TV viewing or
playing videogames and inappropriate nutrition (17).

Still, the causal relationship between sleep and weight re-
mains unclear. Pathophysiologically, sleep deprivation may
influence the development of obesity by several possible
ways, including increased sympathetic activity, elevated cor-
tisol and ghrelin levels, decreased leptin and/or impaired
glucose tolerance (6).

Population-based observational studies from around the
world show a consistent association between short sleep
duration and obesity in children (4,6,13,18–21), and ado-
lescents (5,14,22). It is suggested that short sleep duration
results in metabolic changes that may contribute to the de-
velopment of obesity. There are a few potential mechanisms
leading to obesity in children sleeping short time. Short
sleep duration can affect both energy intake and energy
expenditure and may decrease physical activity because of
tiredness, and alters metabolic hormones to increase ap-
petite and may affect food selection. Furthermore, extra time
awake provides increased opportunity for energy dense food
intake (23). Recently, epidemiological evidence has pointed
to obesity being linked to habitual sleep length, with both
short and long sleepers more likely to be obese.

The results of this study supported the previous epidemi-
ological investigations examining the relationship between
sleep duration and obesity (4–6,14,18–21,24).

The decrease in amount of sleep observed in adolescence
is partly a result of social factors, such as waking up early
for school and late night activities such as TV, computer
games and the internet. Conversely, in the current study the
highest mean duration for computer use was 0.7 h and it was
found in ≤8 h sleeping boys and girls. Therefore, the children
and adolescents should be encouraged to spend their awake
hours for physical activity rather than sedentary activities,
such as computer use.

In the current study, the relationship between sleep du-
ration and anthropometric indices related to obesity were
investigated. Mean WC, MUAC and BMI were significantly
higher in boys sleeping ≤8 h versus the boys sleeping ≥10 h,
whereas mean BMI was significantly higher in sleeping ≤8
h versus the girls sleeping ≥10 h. Significant negative corre-
lations were found between sleep duration and WC, AFA in
addition to BMI, in both gender. BMI or weights were com-
monly used in previous studies investigating the association
between sleep duration and overweight/obesity and other
anthropometric indices such as; WC, MUAC, AFA and TSF
were rarely used. Eisenmann et al. (6), and Chaput et al.
(21), reported negative correlations between sleep duration
and WC in boys. In the current study, we also found the
same negative correlations between sleep duration and WC
in boys.

Limitations and alternative explanations
The limitation of this study may be self-reports of parents,
which may interact the accuracy of reported sleep durations.
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As reported in a previous study, the correlation between
self-reported and time-diary sleep duration was weak and
the use of a sleep diary was recommended, especially in
adolescents (22). Secondly, the presence of other risk factors
for obesity; such as physical inactivity, nutritional habits or
parental obesity were not investigated.

Summary and conclusions
In conclusion, our results indicate that short sleep duration,
especially ≤8 h, may be a risk factor of overweight or obe-
sity. In addition to BMI; WC, MUAC and AFA, reflects the
body fat distribution, which provides additional information
about obesity and the relationship between obesity and sleep
duration in children. Finally, sleep duration may be an im-
portant indicator for the development of overweight and/or
obesity and providing ≥10 h of sleep may be recommended
as a part of interventions to prevent obesity, especially for
children and adolescents.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the on-
line version of this article:

Table S1 Anthropometric indices of Turkish children and
adolescents according to ages

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing mate-
rial) should be directed to the corresponding author for the
article.
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