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Association Between Short Sleep Duration and Childhood
Obesity in School-Going Children: A Mini Review
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Sleep is a physiological process that fulfils an important homeostatic function. Short sleep duration (SSD) is defined
as sleep that is substantially shorter than the optimal duration of 8-hours for adolescents and adults (18 years and
above), and 9-hours for children (3-17 years). Insufficient sleep is associated with adverse health outcomes such as
obesity, type 2 diabetes, stroke, hypertension, coronary heart disease, and other chronic kidney diseases. Globally,
300% of the children with obesity have been reported to experience sleep disorders. The present review has been
aimed to describe the association between SSD and weight gain during childhood using a sample of school-going
children (5-17 years). Specifically, based on a systematic meta-analysis of original research articles, it aimed to
assess the impact of SSD on school-going children. Findings showed that SSD is a risk factor for children aged 5-17
years who experience insufficient sleep (< 9 hours/day). Epidemiological studies such as case-control, observational,
follow-up, and meta-analysis studies confirm SSD as a risk factor for the development of obesity and other diseases
through various mechanisms. Thus, based on numerous studies on SSD in children, it is confirmed as a risk factor

for childhood obesity. It is therefore recommended to prevent SSD to avoid future complications.

SHORT SLEEP DURATION, OBESITY, RISK-FACTORS, CHILDHOOD OBESITY.

Sleep is defined as the resting state of expected
insentience from which any individual can be aroused,
(Ezenwanne and research, 2011). It is a multi-faceted
and vital physiological mechanism that is assessed using
regular sleep logs, actigraphy, and polysomnography. In
children, insufficient sleep has been documented to have
deleterious effects on health, and sleep duration has been
found to be associated with non-communicable diseases
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(Brazendale et al., 2019). Sleep is considered as food for
the brain, as important brain functions occur during sleep,
therefore, skipping sleep can be harmful and deadly as
well, (Roberts et al., 2020).

The present review has been aimed to describe the
association between Short Sleep Duration (SSD) and
weight gain during childhood using a sample of school-
going children (5-17 years). Specifically, based on a
systematic meta-analysis of original research articles,
it aimed to assess the impact of SSD on school-going
children. Findings showed that SSD is a risk factor for
children aged 5-17 years who experience insufficient
sleep (<9 hours/day). Epidemiological studies such as
case-control, observational, follow-up, and meta-analysis
studies confirm SSD as a risk factor for the development of
obesity and other diseases through various mechanisms.
Thus, based on numerous studies on SSD in children, it
is confirmed as a risk factor for childhood obesity. It is
therefore recommended to prevent SSD to avoid future



complications. Sufficient sleep duration contributes to
the regulation of hormonal and metabolic processes in
children (0-17 Years) (Miller et al., 2015).

According to the National Sleep Foundation (NSF) in the
US, the minimum required sleep duration is 14-17 hours
for new-borns (aged 0-3 months), 12-15 hours for infants
(aged 4-11 months), 11-14 hours for toddlers (aged 1-2
years), 10-13 hours for preschool children (aged 3-5
years), 9-11 hours for school-aged children (aged 6-13
years), 8-10 hours for adolescents (aged 14-17 years),
7-9 hours for young and middle adults (aged 18-25 years
and 26-64 years, respectively), and 7-8 hours for older
adults (aged over > 65 years) (Foundation, 2019). Similar
recommendations have been adopted in Canada (Chaput
et al., 2016). Similarly, the American Academy of Sleep
Medicine (AASM) and Sleep Research Society recommend
that adults require 7-9 hours of sleep (Watson et al.,
2015, Hirshkowitz et al., 2015, Tobaldini et al., 2019).
The sleep requirements for children recommended by
AASM have been presented in Figure 1. is defined as
a total sleep duration of less than 6 hours/day. It is
often identified using polysomnography on a single
night. Inadequate sleep is defined as sleep duration that
is lesser than age-based recommendations, and it is
commonly present in school-going children, (Tambalis
et al.,, 2018).

Figure 1: Showing suggested amount of sleep for pediatric
population

Age Recommended Sleep Hours per 24 Hour Period

Infants: 4 to 12 months 12 to 16 hours (including naps)
Toddlers: 1to 2 years 11 to 14 hours (including naps)
Preschoolers: 3 to 5 years 10 to 13 hours (including naps)
Gradeschoolers: 610 12 years 9 to 12 hours
Teens: 13 to 18 years 8 to 10 hours

*The American Academy of Pediatrics (AP) has issued a Statement of Endorsement supporting these guidelines from the
American Academy of Sleep Medicine (AASM).

Specifically, in children aged 5-16 years, the pressure of
extra-curricular activities, disturbances from electronics,
noisy environment, and home-work or academic tasks
are considered as risk factors for SSD (Glaser and Styne,
2017). In the US, the mean sleep duration for children
was 7.1 hours, with 29.2% children sleeping for less
than 6 hours. The corresponding figure from Canada
and the UK were 11.3% and 9.8% (Itani et al., 2017). The
underlying cause of SSD could be sleep disorders, which
is a large group of diseases with a nominal incidence in
the general population. Insomnia, a well-documented
and common sleep problem, is defined as a sleep disorder
that is characterized by complications in sustaining
sleep. Further, it is associated with impaired daytime
functioning. Insufficient sleep often develops into more
serious health issues such as insomnia and other sleep
disorders. Additionally, SSD is associated with increased
incidence of cardiovascular diseases (CVD), hypertension
(HTN), and arrhythmias (Tobaldini et al., 2019).

Sleep duration has been found to be associated with
innumerable health issues such as chronic diabetes,
kidney problems, CVD, and obesity (Rosinger et al., 2018).
On the other hand, obesity predicts health issues such as
diabetes, CVD, early mortality, HTN, and lower quality
of life (Buxton et al., 2010). Previous systematic reviews
have confirmed that SSD is associated with major health
issues such as mortality, HTN, CVD, stroke, diabetes,
obesity, metabolic abnormalities, and atherosclerosis
(Gallicchio and Kalesan, 2009, Wu et al., 2014, Leng et
al., 2015, Itani et al., 2017). Grandner et al defined SSD
as sleep duration of < 6 hours or 1/4th of the day of
sleep deficiency.

SSD is associated with medical complications at a later
age. Further, overweight in young children is associated
with obesity-related conditions such as asthma, HTN,
hyperlipidaemia, type 2 diabetes mellitus (T2DM), and
higher morbidity and mortality in adulthood, (Taveras
et al., 2008). SSD may also lead to psychiatric disorders
and cardiometabolic risk factors such as poor glucose
homeostasis and dyslipidaemia (Lombardero et al.,
2019). Poor sleep in children (aged 0-17 years) puts
them at a higher risk for weight gain, which could
lead to overweight or obesity. In this context, a meta-
analysis of epidemiological and cohort data revealed
an unintentional relationship between SSD and health
issues (Jike et al., 2018).

Inadequate sleep and childhood obesity: The term
overweight and obesity are defined as accumulation of
additional fat in the body. Obesity is identified using a
screening tool known as Body Mass Index (BMI), which
is calculated as weight in kilograms divided by the square
of height in meters (Khan et al., 2019). A that of 25.0 kg/
m2-29.9 kg/m2 is considered as overweight, and that
of 35 kg/m?-40 kg/m? or higher is considered as morbid
obesity (Khan et al., 2014). Weight gain in children is
connected with short and long-term adverse outcomes.
In children, the occurrence of childhood obesity has
increased due to an increase in the prevalence of SSD
(Ash and Taveras, 2017).

Presence of excess body fat in children is known as
childhood obesity. Among the common health issues
that have been observed in the 21% century, childhood
obesity is defined as proning the disease since 2016,
with more than 124 million children aged 5-19 years
being identified as obese and 213 million children being
identified as overweight. Childhood obesity is connected
with psychological problems; lower educational
attainment; and harmful co-morbidities later in life, such
as dyslipidaemia, T2DM, non-alcoholic fatty liver disease
(NAFLD), CHD, and HTN (Spinelli et al., 2019). Further,
musculoskeletal disorders are one of the undocumented
complications associated with obesity and SSD (Al Shehri
et al.,, 2013).

Childhood obesity and severe obesity put individuals
at risk of CVD, obstructive sleep apnoea, impaired
glucose tolerance, increased exposure to bullying, and
NAFLD (Carsley et al., 2019). Globally, childhood obesity
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has become a major health concern. The increase in
childhood obesity has been linked to the simultaneous
increase in the tendency to experience the metabolic
syndrome (MetS). The future complications of obesity
are T2DM, HTN, dyslipidaemia, and MetS. However,
cardiometabolic risk factors are considered to be
modifiable. Sleep plays a major role in the growth and
development of children through its control of the diurnal
rhythm that is connected with energy homeostasis, (Seo
and Shim, 2019).

The incidence of childhood obesity has tripled in
the past decades, leading it to be recognized as a
global health threat. It is associated with numerous
adverse outcomes such as poor academic performance,
psychological conditions, cardiovascular disease, and
permanent obesity. The common causes of childhood
obesity are sedentary lifestyle with high-calorie eating
habits (uncontrolled diet) (Li et al., 2017Db). Further,
preceding epidemiological studies have confirmed that
the increase in the prevalence of obesity is associated
with the decrease in sleep duration in children (Kelishadi,
2007, Li et al., 2011). Some previous studies have also
documented that SSD during childhood is connected with
cardiometabolic risk factors (Chaput et al., 2006, Li et
al., 2017a, Touchette et al., 2008). Recently, the global
prevalence rate of childhood obesity was estimated to
be 6.7%, and it is expected to reach 9.1% by 2020 (Bin-
Hasan et al., 2018).

Afshin et al., 2017) reported that 107.7 million children
were obese, with a global prevalence of 5%. The Canadian
national government prioritized the implementation of
efforts for prevent and manage weight gain (obesity)
in children (Carsley et al., 2019). Countries in the Gulf
Cooperation Council (GCC) have documented the highest
prevalence of T2DM and obesity, and surveillance of
childhood obesity is considered central to tackling this
obesity epidemic (Al Hammadi and Reilly, 2019).

Statistically, the age-based BMI classification for children
defines overweight as the 85th-95th percentile, and
obesity as the 95th percentile or above (Sahoo et al.,
2015). Based on criteria recommended by the World
Health Organization, obesity is defining according
to BMI for specific age groups, with a Z-score of >2
defined as overweight and that of >3 defined as obesity.
In a multicentric study, children with a BMI of >30 kg/
m2 were classified as obese and those with a BMI of
> 25kg/m2 were classified as overweight. However,
waist circumference was not measured as an indicator
of overweight and obesity in children (aged 3-14 years)
and adolescents (aged 15-18 years). The prevalence of
obesity is considered to be a result of the interaction
between genetic, psychological, cultural, socioeconomic,
and environmental factors. In previous studies, sleep
duration was assessed using self-reported or objective
measurements (e.g. actigraph or polysomnography)
(Reutrakul et al., 2018).

According to the National Growth Study, the occurrence
rate of obesity was 11.3% in school-going children aged

5-18 years. Further, it was 11% in female and 7.8% in
male students aged 5-12 years, and 13.8% and 12.1%,
among students aged 13-18 years, respectively. Therefore,
females were found to be more prone to obesity as
compared to males (Al Dhaifallah et al., 2015).

Obesity in school children: Female students aged 5-18
years are more prone to weight gain and obesity as
compared to their male counterparts owing to inherent
hormonal differences. Consumption of fatty food,
inconsistent exercise habits, and inactive lifestyle are
the major reasons for obesity; however, apart from these
factors, age, gender, family history, and parental lifestyle
also lead to obesity (Birch and Fisher, 1998). Lee et al
(Lee et al., 2000) confirmed that obesity is linked with
socio-economic status, which is further connected with
salary, occupation, and educational accomplishment.
Among environmental factors, viewing television while
consuming food was found to lead to obesogenic eating
behaviour and further gain in body weight (Boswell et al.,
2019). Polycystic ovarian syndrome (PCOS) was another
factor linked with weight gain in female school-going
children aged 12-16 years. The relationship between
PCOS and obesity is linked to the high production of
insulin, leading to irregular and impaired blood glucose
level management (Bremer and disorders, 2010, Koivuaho
et al., 2019, Witchel et al., 2019).

Apart from this, having a playground in school has
also been found to play a critical role in weight
management, specifically in female children. Katare et
al 2019) confirmed that BMI is strongly influenced by
environmental factors. Another previous study indicated
that the consumption of sugary beverages; snacks with
a high salt content; lower activity level; family history;
and psychological factors such as anxiety, depression,
dissatisfaction with one’s body, eating disorders, and
emotions lead to childhood obesity, specifically in
school-going girls (Sahoo et al., 2015). Excess usage
of electronic devices such as watching television for
several hours and sedentary lifestyle have been found
to contribute to obesity (Tuohino et al., 2019). However,
until now, there is no clear strategy for the treatment of
obesity [Table 1] (Cuda and Censani, 2018). It is important
to note that clinicians and nutritionists can convert
obesity from an irreversible to a reversible disease by
developing and implementing appropriate guidelines.

Association between SSD and childhood obesity:
Globally, a limited number of systematic reviews and
meta-analyses have explored the link between SSD and
childhood obesity. According to Li et al. (Li et al., 2017b),
though several epidemiological and meta-analysis studies
have been conducted to examine this relationship, most
studies were based on cross-sectional observations.
Patel et., al 2006 cconfirmed the strong association
in women because participants whose sleep duration
was between < 5-7 hours/day had gained a significant
amount of weight. Cappuccio et., al 2008) conducted a
meta-analysis on a global population of children (n =
30,002) and adults (n = 6,04,509) with SSD. They reported
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a consistent increased risk of obesity among children
and adults with SSD.

However, in their study on infants, Alamian et al 2016
reported a negative association between sleep problems
and childhood obesity. In their meta-analysis on SSD and
childhood obesity, Chen et al 2008) reported a significant
inverse association between these two variables. Hart
et al 2011) also confirmed that SSD is associated with
weight gain, which in turn tends to lead to obesity.
Matricciani et al 2012) examined data collected on 0.7

million children over the past 100 years, from 20 different
countries. They confirmed that children’s sleep duration
was a minimum of 20-25 minutes lower than that of
their parents when the latter were of their age. At night,
the average sleep duration of school-age and preschool
children was 9.4 and 9.6 hours/day, respectively, and
that of toddlers and infants was 9.8 and 9.0 hours/
day, respectively (2004., 2004). Ash and Taveras, (2017)
have confirmed that insufficient sleep is associated with
numerous adverse health outcomes in children.

Table 1. Diagnosing the BMI based on age factor (Reference: (Cuda and Censani, 2018))

Infancy Toddler Early childhood
(0-24 Months) (2-4 Years) (5-9 Years)
Weight > BMI > 95™ BMI > 95™
Length Percentile Percentile

or >85™ or >85™"

percentile with

couple or more
risk factors

e Fasting Blood

percentile with

couple or more
risk factors

e Consider sleep

Glucose/ HgAlc study
e Fasting Lipid Profile | e Consider liver
/Random Blood Sugar ultrasound
e ALT, AST and GGT e Consider

e Consider 25 OH uric acid

Vitamin D eConsider fasting

serum insulin

Miller et als (Miller et al., 2018) systemic review and
meta-analysis confirmed that SSD is a risk factor
for the development of obesity in infants, children,
and adolescents. These findings were confirmed and
corroborated by similar prior studies (Li et al., 2017b,
Marin-Oto et al., 2019, Spinelli et al., 2019, Taveras et
al., 2008, Wu et al., 2017, Zhang et al., 2019).

Recommendation: This review article recommends that
school-aged children (aged 5-17 years) should receive a
minimum of 9-12 hours of sleep per day to avoid future
health complications, mainly weight gain, which may in
turn lead to childhood obesity.

CONCLUSION

Sleep deprivation is associated with multiple hormonal
responses which lead to appetite dysregulation, and
negative effects on hunger and satiety, which in turn
lead to low leptin and high ghrelin levels. The present
review identified sleep as an important modifiable risk
factor for obesity in infants, children, adolescents, and
adults. Based on numerous studies, SSD is confirmed as a
risk factor for obesity in infants, and children. Therefore,
this review recommends the prevention of SSD to avoid
future health complications.

e Consider C-Peptide

Adult
(=19 Years)

Adolescent
(15-18 Years)

Puberty
(10-14 Years)

BMI > 95t BMI > 95" BMI > 95"

Percentile Percentile Percentile
or >85" or >85" or =85

percentile with percentile percentile

couple or more
risk factors

with couple or
more risk factors

with couple or
more risk factors
e Consider urine e Consider urine
microalbumin Ratio
e Consider C-Peptide

e Hs-CPR

microalbumin Ratio

e Hs-CPR
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