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ABSTRACT

Background: Overweight or obesity is a con-
dition of excessive accumulation of fat in the
body which is indicated by a Body Mass Index
value exceeding 25 kg/m2. WHO estimated that
in 2022 adolescents will experience more obe-
sity cases than underweight cases. One of the
behaviors that can reduce the risk of overweight
and obesity is having adequate sleep duration.
This study aimed to analyze the magnitude of
the effect of sleep duration on overweight or
obesity in female adolescents with a meta-
analysis study.

Subjects and Method: This was a systematic
review and meta-analysis study. The study was
carried out by following the PRISMA diagram.
The process of the search for articles through a
database that included: PubMed, Google
Scholar, and Springer Link. The articles were
selected in the period 2009-2020. The key-
words used include: "sleep duration" AND
adolescents, overweight AND "female adoles-
cents", obesity AND adolescent, "sleep dura-
tion" OR "overweight obesity" OR adolescents
OR "cross-sectional", "sleep duration" AND
"overweight obesity "AND adolescent," sleep
timing "AND obesity AND girls. The inclusion
criteria were full-text articles with cross-
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sectional study design, English and Indonesian
articles, and articles that used multivariate
analysis with adjusted Odds Ratio. The articles
that qualify were analyzed using the Review
Manager 5.3 application.

Results: A total of 9 primary articles from
Korea, China, and the USA had conducted a
meta-analysis with a sample of 104,726 female
adolescents. The results of the meta-analysis
showed that female adolescentswith short sleep
duration had a risk of overweight or obesity
1.44 times compared with female adolescents
with long sleep duration (aOR= 1.44, 95% CI=
1.24 t0 1.69, p<0.001).

Conclusion: Short sleep duration significantly
increases  overweight/obesity in  female
adolescents.
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BACKGROUND

Adolescent according to the World Health
Organization (WHO) is someone who is in
the age range of 10-19 years. The increasing
prevalence of overweight and obesity in
adolescents did not only occur in developed
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countries but also occurred in developing
countries. The incidence of obesity in
children and adolescents that occupied the
global level had increased from 11 million
people in 1975 to 124 million people in 2015
(Lobstein et al., 2015).
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According to WHO data, it was estimated
that in 2022 more cases of obesity will be
experienced by children and adolescents
than underweight cases (Lopez et al.,
2020). The prevalence of obesity in
children and adolescents in

America was 18.5% or about 13.7
million children and adolescents. Adoles-
cents aged 12-19 years were around 20.6%
(CDC, 2020). The results of a study per-
formed by Lobstein (2010) in Machado-
Rodrigues (2012) stated that cases of over-
weight and obesity in children and adoles-
cents in North America were>30%, the
cases in Australia were 21%-25%, and about
20% of cases occurred in Europe. Basic
Health Research data in 2013 in Indonesia
showed that adolescents aged 13-15 expe-
rience an incidence of overweight and obe-
sity by 8.3% and 2.5% (Kemenkes RI,
2013).

Adolescence should become an
important period in life to improve health
status. Various behaviors that adolescents
can do to improve their health, such as ade-
quate physical activity, optimal and quality
sleep duration, and proper food intake
(Kracht et al., 2020). The sleep duration
guidelines recommended by The National
Sleep Foundation are 9-11 hours per night
for adolescent age 10-13 years and 8-10
hours per night for ages 14-17 years
(Hirshkowitz et al., 2015).

Sufficient sleep duration can help to
start the day well and not easily get drowsy
during the day. Therefore, a person can
perform physical activity or other activities
optimally to prevent overweight and obesity
(Stefan et al., 2018). Sleep becomes some-
thing essential that can improve health. It is
due to the fulfillment of sleep duration and
good quality of sleep that can activate the
immune system, increase the balance of
metabolism and body hormones, improve
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mental and emotional health, and improve
the memory process (Bonanno et al., 2019).

Larsen et al. (2020) argued that low
sleep duration is associated with a high
Body Mass Index (BMI) numbers. Some
previous studies had also suggested similar
things regarding sleep duration and the
incidence of overweight or obesity in ado-
lescents. Longitudinal studies that had been
conducted in the past had objectively
shown that sufficient and consistent sleep
duration could be an effort to prevent over-
weight and obesity.

Based on some of the results of the
study above, it was stated that the incidence
of overweight and obesity in female adoles-
cents was caused by short sleep duration.
This study aimed to analyze the influence of
sleep duration on overweight or obesity in
female adolescents.

SUBJECTS AND METHOD

1. Study Design

This was a meta-analysis study. The search
for articles was conducted for one month
systematically and comprehensively
through databases including PubMed,
Google Scholar, and Springer Link. The
keywords used: "sleep duration" AND
adolescents, AND overweight AND "female
adolescents", obesity AND adolescents, OR
"sleep duration" OR "overweight obesity"
OR adolescents OR "cross-sectional", "sleep
duration" AND "overweight obesity "AND
adolescent, AND obesity AND girls.

2. Inclusion Criteria

The inclusion criteria in the study were
articles in English and Indonesian, articles
with a cross-sectional study design, full-text
articles with a period of 11 years, a sample
of female adolescents aged 10-19 years,
indicators of obesity in the form of BMI >
25 kg/m2, female adolescents doing
physical activity <60 minutes per day,
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andfemale adolescents with sleep duration
<7 hours per night.
3. Exclusion Criteria
The exclusion criteria in this study were
articles with experimental study design,
non-full-textarticles, cross-sectional articles
that did not include the adjusted odds ratio
(aOR), the outcome of the articles was not
overweight/obesity, and articles thatused
descriptive analysis, systematic review, and
meta-analysis study design.
4. Operational Definition of the Study
The article search was carried out by
considering the eligibility criteria defined
using the PICO model. The population in
the study were female adolescentswith the
interventions were in the form of short
sleep duration, the comparison was long
sleep duration, and the outcome was in the
form of overweight/obesity.
Overweight/obesity was overweight
and obesity was a condition of excessive
accumulation of fat in the body characte-
rized by a BMI size of >25 kg/mz2. The

instruments were in the form of a calibrated
microtoice and weight scale. The measure-
ment scale was a continuous scale.

Sleep duration was a condition of a
person who was not responsive to the
external environment which functioned to
rest the body's organs and limbs for less
than 7 hours per night in a 24 hours. The
instrument used was a self-questionnaire
with a continuous measurement scale.

5. Data Analysis

The articles were identified using the
PRISMA diagramand analyzed using the
Review Manager 5.3 application by calcu-
lating the effect size and heterogeneity to
determine which research models were
combined to form the final meta-analysis
result.

RESULTS

The process of reviewing articles can be
seen in Figure 1. The PRISMA diagram
meta-analysis analyzed 9 primary studies
conducted in America and Asia.

Articles identified by
journal database (n = 1090)

Removing duplicate articles (n = 116)

Excluded articles (n=755)

Filtered articles
(n=974)

A 4

SARAIE Sl

\ 4

1. Irrelevant title = 436

2. Articles in the form of descriptive, meta-
analysis, and systematic review = 96

Non PDF file = 46

Non full text= 2

Non Indonesian or English Article = 8

Non cross-sectional study= 167

Complete articles according
to criteria (n = 219)

Y

\ 4
Articles included in a

Complete article that excluded (n = 206)

1. Non-female adolescents sample= 59

2. Non-overweight or obesity outcome= 125
3. Cross-sectional articles with no aOR= 22

qualitative synthesis (n = 13)

Figure 1.
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PRISMA diagram
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The study quality assessment was for the cross-sectional design of the Center
carried out quantitatively. This study used an for Evidence-Based Management (CEBMa) in
assessment of the quality of research studies 2014.

Table 1. The assessment of research quality in cross-sectional studies
Primary Study Assessment Criteria Total
(Author and Year) 1 2 3 4 5 6 7 8 9 10 11 12
Kong et al. (2015) 1 1 1 0 1 1 1 1 1 1 0 1 10
Hahn et al. (2018) 1 1 1 0 1 1 1 1 1 1 0 1 10
Laurson et al. (2015) 1 1 1 0 1 1 1 1 1 1 0 1 10
Lowry et al. (2012) 1 1 1 0 1 1 1 1 1 1 0 1 10
Lee et al. (2014) 1 1 1 1 1 1 1 1 1 1 0 1 10
Grandner et al. (2015) 1 1 1 0 1 1 1 1 1 1 0 1 10
Wang et al. (2018) 1 1 1 0 1 1 1 1 1 1 0 1 10
Gong et al. (2018) 1 1 1 0 0 1 1 1 1 1 0 1 9
Seo et al. (2019) 1 1 1 0 1 0 1 1 1 1 0 1 9
1. The Effect of Short Sleep Duration a. Forest plot
on Overweight / Obesity The effect between short sleep duration and
There were 9 articles about the effect of low the incidence of overweight/obesity in
sleep duration on overweight and obesity in female adolescents is shown in the results
female adolescents as follows: of the forest plot in Figure 2.
Odds Ratio (Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 85% Cl
Gong 2018 034 01628 124% 1.40101.02,1.93] "
Grandner 2014 03983 045779 18%  1.49[048 467 N I
Hahn 2018 03365 01004 134% 1400115 1.70] -+
Kong 2014 0197 00456 230%  1A7[1.07.1.29 &
Laurzon 2015 09955 03437  42% 2600130 5.20 —
Lee 2014 07128 02837 60%  2.04[1.17 3.96) -
Loy 2012 0197 01512 134%  1A7[0.67 1.47] ™
Sen 20149 05247 01488 135% 1690126 2.27] -
Wang 2018 067 02746 63%  1.87[1.15 3.3 E—
Total (95% Cl) 1000%  144[1.24,1569] ¢
Heteragenaity, Tau®= 0.02: Chi#=18.02, df= & (P = 0.02); F= 56% | I | |
Testfor overall effect 7= 461 (P < 0.00001) 0o 0 - 10 - 100
Long Sleep Duration  Short Sleep Duration
Figure 2. Forest plot of the effect of short sleep duration
on overweight/obesity in female adolescents
b. Funnel plot obesity by 1.44 times compared to female
Figure 3 shows that there was publication adolescents who had long sleep duration
bias due to the asymmetric distribution of (aOR= 1.44, 95% CI= 1.24 to 1.69, p
the plot. Interpretation of the results from <0.001). The heterogeneity of the research
the meta-analysis process can be seen from data showed I2= 56%, so that the distribu-
the forest plot. Figure 2 shows that female tion of the data was stated to be hetero-

adolescents who had short sleep duration geneous (random effect model).
increased the incidence of overweight/
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Table 2. Primary study descriptions were included in the meta-analysis

Author Country Design Sample Population I C (0]
(year) of the Intervention Comparison Output
Study
Kong et al. Korea Cross- 53,769 Female Physical activity <60 minutes  Physical activity > 60 minutes Overweight
(2015) sectional Adolescent  per day or the average activity  per day or the average activity and Obesity
(12-18 years) <2 days, sitting time and >2 days, sitting time and leisure
leisure sitting time accumu- sitting time accumulated for a
lated for a week =6 hours and  week <6 hours and <3 hours a
>3 hours a day. Sleep duration day. Sleep durationof >7 hours
of <7 hours a day * a day *.
Hahn et al. United Cross- 4,383 Female Fruit juice intake <2 times a Fruit juice intake >2 times a Overweight
(2018 State Sectional Adolescent  day, vegetable consumption day, vegetable consumption >2  and Obesity
(class 9-12) <2 times a day, physical times a day, physical activity
activity <60 minutes per day >60 minutes per day or less
or less than 5 days, not having than 5 days, not having
breakfast every day, and breakfast every day, and
sleeping duration <7 hours *.  sleeping duration >7 hours *.
Laurson et al. United Cross- 4,874  Female Physical activity <60 minutes  Physical activity >60 minutes Overweight
2015 State Sectional Adolescent  per day and 7 days a week, per day and 77 days a week, and Obesity
(15-18 years) watching TV for >2 hours and  watching TV for <2 hours and
sleep duration of <7 hours * sleep duration of >7 hours *.
Lowry et al. United Cross- 23,579 Female Sleep duration less than 7 Sleep duration more than 7 Overweight
2012 State Sectional Adolescent  hours * hours * and Obesity
(class 9-12)
Park et al. 2014 Korea Cross- 1,187  Female Sleep duration of < 7 hours *,  Sleep duration of >7 hours *, a Overweight
Sectional Adolescent  a metabolic syndrome metabolic syndrome consisting  and Obesity
(12-18 years) consisting of high cholesterol  of high cholesterol and
and triglycerides. triglycerides
Grandner et al. United Cross- 272 Female Sleep duration of < 7 hours * Sleep duration of =7 hours Overweight
2015 State Sectional Adolescent and Obesity
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(16-17 years)
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Author Country Design Sample Population I C (0)
(year) of the Intervention Comparison Output
Study
Wang et al. China Cross- 9,259 Female Sleep duration of < 7 hours * Sleep duration of >7 hours Overweight
2018 Sectional Adolescent and Obesity
(rata-rata 15
years
Gong et al. China Cross- 1,355 Female Sleep duration of < 7 hours per Sleep duration of >7 hours Overweight
2018 Sectional Adolescent  day* and Obesity
(12-13 years)
Seo et al. 2019  Korea Cross- 6,048 Female The duration of sleep aged 10-  Sleep duration aged 10-13 Overweight
Sectional Adolescent 13 years <7 hours and ages 14- years> 7 hours and ages 14-18 and Obesity
(10-18 years) 18 years <6 hours a day *, years>6 hours a day *,
cholesterol, blood sugar, and cholesterol, blood sugar, and
HDL values increased from HDL values were within normal
normal limits. limits

*Variables included in the meta-analysis
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The funnel plot in Figure 3. shows
that there was a publication bias due to the
distribution of the plot was not symme-
trical. The left side of the diagram con-

tained 4 plots with standard errors between
0.0 and 0.2. On the right side, there were 4
plots with standard errors between 0.2 and
0.4. There was 1 plot located in the middle.
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Figure 3. Funnel plot of the effect of short sleep duration
on overweight/obesity in female adolescents

DISCUSSION

This Systematic review and meta-analysis
study took the topic of factors that cause
overweight and obesity in the 10-19 year old
adolescent group. The factors used as
independent variables in this study were
low physical activity and short sleep dura-
tion. The outcome that became the depen-
dent variable in this study was overweight
or obesity. The study aimedto understand
the magnitude of the effect of female ado-
lescents who did the low physical activity
and short sleep duration by using a meta-
analysis study design.

The results of primary studies used
for meta-data analysis were collected from
various countries and in a large sample size
so it could increase the heterogeneity of the
results of the study. Besides, the meta-
analysis study process had gone through
the PRISMA stage which was a series of

www.theijmed.com

processes for identifying articles using
database searches, filtering articles by
determining inclusion and exclusion cri-
teria, assessing the feasibility of primary
studies, and selecting articles used for
meta-analysis.

The articles that had been compiled
through database searches were then
entered into Mendeley's program to make
the identification easier. This study
collected 1,090 articles in the early stages of
the PRISMA process. Furthermore, the
duplicate data was deleted as many as 116
articles.There were 974 articles had been
filtered then selected using the -criteria
determined by the researcher. The exclu-
sion criteria determined by the researcher
were descriptive/ systematic review/ meta-
analysis articles, articles with no PDF files,
irrelevant research titles, non-full text
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articles, and articles with no cross-sectional
study designs.

The exclusion of articles at this stage
was 755 files. Furthermore, the articles that
had complete data were 219 articles, the
exclusion process was carried out again
with the sample criteria of non-female
adolescents, the cross-sectional studies did
not include aOR values,and the research
outcome was not overweight/obesity. The
results of the second exclusion were 206
articles, so the articles to be used for the
meta-analysis were 13 articles. The quality
of 13 articles was assessed using the CEBMa
Critical Appraisal Checklist 2014 specifi-
cally for cross-sectional studies.

The Primary articles that had met the
requirements then were analyzed using the
Review Manager 5.3 program.The Data
analysis was carried out one by one to find
the influence of sleep duration on over-
weight/obesity in female adolescents.

The Effect of Short Sleep Duration on
Overweight/ Obesity in Female
Adolescents

The primary study used in the meta-ana-
lysis was 9 articles from Korea, the USA,
and China. The study design was an obser-
vational cross-sectional. The results of the
meta-analysis showed that there was a sig-
nificant effect on femaleadolescents who
had short sleep duration on increasing
overweight/obesity by 1.44 times compared
to femaleadolescents who had long sleep
duration (aOR= 1.44, 95% CI= 1.24-1.69,
P<0.001).

This was supported by the important
role of sleep for health and fitness. A recent
study showed that sleep quality, sleep time
could change a person's health condition.
Sleep time that was not appropriate with
the NSF's recommendations could lead to
cardiovascular disease and death. Based on
the results of a survey conducted by the
National Health and Nutrition Examination
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from 2001 to 2005, the risk of obesity could
increase by 24% if the sleep duration less
than 5 hours (Kim, 2017).

A person who had a short sleep dura-
tion could disrupt the secretion system of
the hormones ghrelin and leptin. Short
sleep duration could increase ghrelin secre-
tion and inhibit leptin secretion. It could
increase hunger and food intake at night
(Knutson et al., 2008). This study is in line
with the study performed by Vgontazas et
al. (2008) that conducted on a large com-
munity sample, there was an association
between a decrease in the hormone leptin
and an increase in the hormone ghrelin
when a person's sleep duration was not
optimal and had a higher risk of increasing
overweight and obesity.

The imbalance between the hor-
mones leptin and ghrelin which is located
in the hypothalamus when a person lacks
sleep can affect hunger and increase energy
intake (Ferranti et al. 2016). A cross-sectio-
nal study conducted on Australian adoles-
cents showed that adolescents who had
short sleep duration were at risk of being
overweight or obese 1.47 times compared to
adolescents who had normal sleep duration
(Golley et al. 2013).

Short sleep duration caused sleep
quality to be disturbed. This indirectly
impacts decreased daily physical activity
because the heart rhythm cycle is disrupted.
Melatonin hormone decreases and anabolic
hormone increases (Satriani et al, 2018).

Overweight in adolescents was influ-
enced by efficacy. It was due to the percep-
tion of adolescents in self-control. Besides,
self-control in adolescents was influenced
by peers. If individuals have peers who
support them to carry out activities, they
can reduce the risk of obesity (Widiyanto et
al. 2018).
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