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Introduction: Obesity is worldwide health concern, with its prevalence rising steeply specially in low and middle-
income countries in the past decade. World Obesity Federation estimates that one in five women and one in seven
men - will be obese by 2030.0besity numbers are expected to double during same year in South and South Asian
countries, with obesity in children over age of five estimated to be at forty-five million.

Methods: Relevant articles, full text and abstract pertaining to childhood obesity, pediatric obesity, technology in
childhood obesity and specifically articles on obesity in children in South Asian countries were obtained from
search engines like PUBMED, Google Scholar and Cochrane data base. The full text relevant articles and abstracts
and the cross references after verification suitable to the topic were used to draft this review.

Results: The double burden of undernutrition and obesity poses a unique public health challenge in Southeast
Asia. In recent decades, South and Southeast Asia have experienced a period of rapid nutrition and lifestyle
transition, leading to a proportional rise in the burden of obesity and Type 2 diabetes. The traditional diets of
whole grains and vegetables in this region are being replaced by highly processed fast food due to rapid ur-
banization and westernisation in this region.There is growing and unrelenting burden of health risks in adult-
hood like diabetes, heart disease, hypertension, dyslipidaemia and mental health issues due to childhood obesity.
Therapy mainly focuses on lifestyle changes underpinned by underlying behaviour changes, addressing
emotional stress and sleep issues, pharmacotherapy and metabolic surgery in certain situations. Personalisation
of therapy remains corner stone of therapeutics in childhood obesity.

Conclusion: This comprehensive review aims at addressing the risk factors, complications, treatment and high-
lights effective preventive strategies for childhood obesity in South Asia.

1. Introduction traditional diets of whole grains, fruits, cereals and pulses to energy

dense packed foods, processed and polished grains, and decrease time of

Obesity is a now a global phenomenon with almost one billion people
estimated to have obesity world-wide by year 2030 as per World Obesity
Federation [1]. Obesity is caused by excess body fat and is chronic
progressive and relapsing disease. Obesity is a complex multifactorial
disease that often is promoted by reduced physical activity and
increased consumption of calorie dense diet [2].

The bio socioecological model is proposed to explain the increase in
obesity numbers [2].

The regions particularly affected are low and middle-income coun-
tries. South and Southeast countries are estimated to double their
obesity numbers by 2030 [3]. The obesity in children is cause of concern
in these regions which were traditionally thought to be facing the issue
of under-nutrition. 45 million children of age above five will have
obesity in these countries by 2030 [4,5]. The reasons for this surge in
obesity numbers in children is this region is due to change from

playing and engaging in physical activity [4]. The rising obesity in
children will translate into increase in adult obesity and metabolic dis-
orders in adults which can threaten the health structure and economies
of South and South Asian countries (SA) [5,6]. The other factors like
screen time increase, non-availability of play grounds, rigorous school
curriculum are also responsible.

The treatment and management of childhood obesity is aimed to
restoring the maladapted behaviour of unhealthy lifestyle by counsel-
ling and education [6]. Pharmacotherapy is now available for select ages
and metabolic surgery can be considered in select cases where primary
treatments have failed and obesity poses threat to longevity and quality
of life [7]. The mainstay of the child hood obesity prevention is edu-
cation with sensitisation of both parents and children with schools
playing a major role alongside. Policies which can foster conducive
environment for accessibility to healthy and nutritious food and
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engaging children in activities which can promote physical and mental
growth is the need of the hour. Strategy shift is needed now to control
this burgeoning problem of obesity in children and technology and
artificial intelligence use can come to rescue in this endeavour [8].

2. Definition and epidemiology
2.1. Definition

Obesity is defined as excessive fat mass having a negative impact on
health [9]. It is a chronic progressive and relapsing disease with multi-
factorial aetiologies and results from gene-environment-behaviour
interaction [1].

2.2. Measurement of obesity in South Asian children

For children and adolescents aged 2-20 years, body mass index(BMI)
percentiles based on age and sex are typically used for assessment.
Generally, a BMI between the 85th and 95th percentile is considered
overweight, while a BMI at or above the 95th percentile indicates
obesity. Another method uses standard deviations (SDs) above the
World Health Organization (WHO) Growth Reference median; for ages
5-19 years, a BMI-for-age greater than 1 SD is classified as overweight,
and greater than 2 SDs is classified as obesity [9].

These assessments rely on standard growth data from specific
countries but can be influenced by ethnic diversity within the popula-
tion. BMI tends to underestimate body fat in South Asian children due to
their lower lean body mass compared to Europeans [10].Thus,
country-specific growth charts are preferred when available. Interna-
tional Obesity Task Force charts, when country specific charts are not
available, are used, which include data partially derived from Asian
populations [11].

Abdominal or central obesity is linked to a higher cardio-metabolic
risk in children and adolescents. Waist circumference can be adjusted
for age and sex using regional and international growth references [12,
13]. A waist-to-height ratio greater than 0.5 is commonly used to indi-
cate abdominal adiposity in clinical and research contexts, without the
need for a comparison reference [14].

Other measurements besides BMI, such as waist circumference,
upper arm circumference, waist-to-height ratio, and skin-fold thickness,
can also be considered. However, there is no universal tool that corre-
lates these anthropometric measurements with biophysical measure-
ments or the risk of metabolic disease in children.

3. Prevalence

In 2019, the World Obesity Federation projected that by 2025, there
would be 206 million children and adolescents aged 5-19 years living
with obesity, and this number would rise to 254 million by 2030. Among
the 42 countries estimated to have over 1 million children with obesity
in 2030, the highest numbers are expected in China, followed by India,
the USA, Indonesia, and Brazil. Notably, only seven of these 42 countries
are high-income nations [1,3,9].

Children of SA ethnicity shows a higher likelihood of overweight and
obesity and a more precipitous increase in its severity when compared to
Caucasian children. Prevalence of obesity amongst children in native SA
countries varies between 2 and 9% [15]. The recent study published by
Bansal D et al. [16] looking at trend estimates for prevalence of obesity
in South Asian population from the year 1994-2023 showed that the
prevalence estimates for obesity (OB), overweight (OW), and the com-
bined categories (OB + OW) were 6.6 %, 12.4 %, and 19.3 % respec-
tively. The findings regarding obesity prevalence among South Asian
children align with a meta-analysis by Biswas et al. [17], which reported
a pooled obesity prevalence of 6 % in this population. Additionally, a
2014 national epidemiological survey of Bangladeshi children aged
6-15 years found that 3.5 % were obese, 9.5 % were overweight, and
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17.6 % were underweight [18]. In Bangladesh, the prevalence of OW
was higher at 13.6 %, compared to 7.1 % in Bhutan. Similarly, obesity
rates were also higher among Bangladeshi children. However, recent
epidemiological data on OW and OB prevalence in Bangladesh remain
sparse. Bangladesh, a densely populated emerging nation in South Asia,
has undergone significant epidemiological and demographic shifts over
the past few decades [17].

4. Risk factors

Obesity in the children is seen due to complex interaction between
the biological self, and the environment and influenced by behaviours
they adapt through their life journey. The bio-socioecological frame-
work explains this complex interaction. The interplay of energy ho-
meostasis, genetic and epigenetic factors, appetite and satiety regulation
determine the body composition of an individual, coupled with bio-
behaviours like sleep, medications, stress etc [2,19].

Table 1 summarises the risk factors of childhood obesity.

4.1. Nutrition and diet

Nutrition and diet are significant risk factors for childhood obesity.
High consumption of sugar-containing soft drinks and fast food increases
the risk due to their high energy content, leading to a positive energy
balance [20]. The quality of the diet is also crucial, as evidenced by the
Healthy Eating Index (HEI) study, which correlated diet quality with
obesity in adolescents [21]. Earlier studies suggested skipping breakfast
was linked to increased adiposity, however recent studies show that
there is no clear relationship between skipping breakfast and obesity
[22,23]. The availability of energy-dense and ultra-processed foods,
designed to stimulate the brain’s reward response, contributes to the
challenge of excessive calorie intake. Large portion sizes, especially
when eating out, exacerbate this issue [24]. Consuming vegetables at
least twice daily can help protect against overweight and obesity [25]. In
infants’ excessive protein content in formula milk has been recognized
as a negative factor, and doubling the risk of becoming obese compared
to infants with low-protein formula. Higher protein intake in infancy
and early childhood is associated with higher BMI in childhood [26,27].

4.2. Socioeconomic factors

Socioeconomic factors, such as low socio economic status (SES), low
parental education, non-parental caregivers, infrequent fruit consump-
tion, short sleep duration, and parental obesity, also influence childhood
obesity [28]. Adverse childhood experiences, lack of nutrition assistance
programs, and inadequate areas for active transportation and exercise
increase the risk of obesity [29]. Food Insecurity (FI) creates a paradox
where children may experience both malnutrition and obesity due to
unhealthy eating patterns and stress. The concept of Food Insecurity and
Obesity seems contradictory but studies have shown that FI is linked to

Table 1
Risk factors for childhood obesity [20-41].
Risk Factor Specific Factors Description
Category
Nutrition and Diet ~ High-calorie foods, Sugary Increased energy intake
drinks leading to obesity
Socioeconomic Low SES", Low parental Links to higher obesity
Factors education rates in children

Influences childhood
weight from birth
Direct correlation with
obesity rates in children
Associated with appetite
regulation issues

Higher pre-pregnancy BMI”,
short breastfeeding duration
Sedentary lifestyle, limited
outdoor play

Inadequate sleep, Poor sleep
quality

Maternal Factors
Physical Activity

Sleep Duration

# SES: Socio Economic Status.
b BMI: Body Mass Index.
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non communicable diseases such as Obesity, Diabetes etc. FI is prevalent
in half of all children in Southern Asia and one in five children in Eastern
Asia and the Pacific (which includes South-eastern Asia). They suffer
from triple malnutrition - stunting, wasting and overweight. However,
more data needs to be generated to pin down FI to obesity [30].

4.3. Comorbidities and healthcare facilities related factors

Children with comorbidities like autism spectrum disorders, sleep
issues, and affective problems are more likely to have unhealthy weight
[31]. The absence of strategies to prevent weight stigma and a shortage
of trained healthcare professionals for managing eating disorders are
significant risk factors. Despite the recognized clinical consequences of
obesity, it is often not prioritized in health insurance plans, making
treatment less affordable and accessible [32].

4.4. Maternal-related factors

Higher pre-pregnancy BMI is directly linked to childhood obesity
[25]. Parental BMI significantly affects children’s body weight, with
fetal growth during pregnancy contributing to lean body mass devel-
opment later in life [21]. Small-for-gestational-age children tend to
accumulate fat mass, especially in the abdominal area, due to the obe-
sogenic environment they are raised in Refs. [33,34]. This environment
can lead to a lifestyle that promotes obesity. Abdominal obesity is
associated with metabolic syndrome, including dyslipidemia, hyper-
tension, and abnormal glucose and insulin regulation. Parental BMI
above normal is strongly correlated with an increased risk of metabolic
syndrome in children [35,36]. Higher birth weight is also associated
with an increased risk of overweight and obesity in early school age,
suggesting a linear relationship between birth weight and BMI in later
life. Promoting a healthy lifestyle during pregnancy can prevent exces-
sive fetal weight and reduce the risk of childhood obesity [21]. There is
evidence, particularly in high-income country settings, that shorter
breastfeeding duration causes higher weight gain during infancy [37].
Environmental and dietary factors can affect the epigenetic factors and
thus it can become the gene regulator for life course. Reviews have
shown the relationship between epigenetic factors and obesity. Epige-
netics mediates how environmental factors (like diet, physical activity,
and socioeconomic status) interact with genetic predispositions for
obesity. For example, children with a genetic tendency toward obesity
might experience enhanced or suppressed expression of those genes
based on their lifestyle and environment [38].

4.5. Physical activity

Physical activity frequency is another crucial factor. Lack of physical
activity and a sedentary lifestyle contribute to a positive energy balance,
which is a significant cause of obesity. Increased physical activity can
lower obesity risk by 10 % for each hour per day of moderate to vigorous
exercise. Conversely, high media viewing and screen time are associated
with lower physical activity levels and higher obesity rates [39].

4.6. Sleep duration and quality

Sleep duration and quality are significant risk factors for childhood
obesity. A meta-analysis by Han et al. found that short sleep durations,
particularly in children under 10, are linked to increased obesity risk
[40]. Short sleep duration is also associated with poor dietary intake,
such as reduced fruit consumption [41].

5. Consequences of childhood obesity
Many medical conditions which were previously affecting the obese

adults are seen in childhood obesity. Many organ systems are impacted
by childhood obesity with multitudes of disease process.
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Fig. 1 summarises the various systems which can be affected by
obesity.

5.1. Cardiovascular disease

Childhood obesity adversely impacts the cardiovascular system
similarly to adult cases. Common cardiovascular risks associated with
childhood obesity include hyperinsulinemia or insulin resistance, dys-
lipidemia, hypertension, ventricular defects, and abnormalities in
endothelial function. Children with obesity also, are about three times
more likely to develop hypertension compared to their non-obese peers
[42,43].

5.2. Respiratory disease

Obstructive sleep apnea (OSA) in children can lead to failure to
thrive, behavioural issues, reduced intellectual performance, and an
elevated risk of cardiovascular problems, insulin resistance, and weight
gain. OSA in children earlier was mainly attributed to adeno-tonsillar
hypertrophy, but the prevalence of childhood obesity has changed this
understanding [44]. Risk of asthma also increases, though the mecha-
nism is not well defined. Nonetheless, obesity is more prevalent among
children with asthma, and research has shown a connection between
high body mass index (BMI) and asthma in both adults and children
[45].

5.3. Endocrine disease

The surge in childhood obesity rates has paralleled an increase in
type 2 diabetes mellitus (T2DM) among young people. Early onset of
T2DM accelerates beta cell deterioration, predisposing youths to early
development of metabolic conditions similar to those in adults. The link
between diabetes, impaired glucose tolerance, and obesity is believed to
be mediated by oxidized low-density lipoprotein antibodies [46]. Cen-
tral precocious puberty (CPP) occurs when puberty starts before age 8 in
girls and age 9 in boys, due to early release of gonadotrophin-releasing
hormone [47]. Obesity is a major factor, with a Chinese study showing

Cardiovascular
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( Consequences
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Fig. 1. Organ systems impacted by childhood obesity [42-57].
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that overweight and children with obesity, especially girls, have higher
odds of developing CPP [48]. The risk increases if the weight issue
persists for over a year in girls and two years in boys.

For girls with precocious adrenarche (PA) born at an appropriate
gestational age (AGA), initial evaluations show favourable lipid profiles
but increased BMI and waist circumference correlate with a higher
atherogenic index [49].

Obesity is also linked to polycystic ovary syndrome (PCOS) through
insulin resistance and hyperinsulinemia, which raise androgen produc-
tion and decrease sex hormone-binding globulin (SHBG), enhancing
androgen bioavailability. This highlights the connection between
obesity during puberty and the increased prevalence and severity of
adolescent PCOS [50].

5.4. Mental health and psychosocial complications

Individuals with obesity often face public stigma and body shaming
with women experiencing more discrimination. In children, obesity can
lead to significant psychosocial issues, as it is perceived as a major
handicap [51]. A Swedish study found that children with obesity have
higher odds of developing anxiety and depression compared to their
non-obese peers, with girls being at a greater risk than boys [52].
Additionally, overweight and children with obesity are more prone to
bullying and academic failure, impacting them well into adulthood.

5.5. Gastrointestinal and hepatic diseases

Childhood obesity significantly increases the risk of metabolic
dysfuntion-associated steatotic liver disease (MASLD), which presents
differently in children than in adults, showing higher rates of fibrosis
and cirrhosis. A Chinese study confirmed the high incidence of MASLD
in children with obesity, identifying obesity as a key trigger, though
MASLD can also occur in those with normal BMI [53,54]. Obesity is also
linked to a higher risk of gastroesophageal reflux disease in children and
adolescents and correlates with increased hospitalizations for pediatric
cholelithiasis [55].

5.6. Infectious diseases

Individuals with obesity are more susceptible to infections, such as
Helicobacter pylori, compared to those with normal weight [56].
Obesity is associated with impaired immune responses and reduced
function of several immune cells due to disrupted lymphoid tissue
integrity and altered adipocytokine secretion, including leptin and adi-
ponectin [57].

5.7. Increment in healthcare services and costs

Obesity impacts most organ systems with increase in demand for
health care services and cost from child health perspective. The most
services consumed are psychological and musculoskeletal [58]. Data
suggests that obesity leads to increase in length of stay in the hospital
[59]. The lifetime costs of childhood obesity are proportional to BMI.
Girls incur higher healthcare costs and income penalties, while boys
have higher costs related to lost workdays. Obesity-related medical ex-
penditures exert a significant financial strain on healthcare systems
[60]1.

There are disparities between the health consequences of childhood
obesity in South Asian and low income countries as compared to West
and high income countries, The study by Obita G et al. concluded that
the median prevalence of childhood obesity-related hypertension was
35.6 vs. 12.7 % among middle- and low-income countries compared
with high-income countries; 37.7 vs. 32.9 % among boys compared with
girls; and 38.6, 25.3, and 20.1 % in Asia, South America, and Europe,
respectively [61]. For metabolic syndrome, the median prevalence was
26.9 vs. 5.5 % among middle- and low-income countries compared with
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high-income countries; 55.2 vs. 12.0 % among boys compared with girls;
and 40.3, 25.8, and 7.7 % in South America, Asia, and Europe, respec-
tively. The prevalence of childhood obesity-related non-alcoholic fatty
liver disease was 47.5 vs. 23 % among middle- and low-income countries
compared with high-income countries; and 52.1, 39.7, and 23.0 % in
Asia, South America, and Europe, respectively. The median prevalence
of dyslipidemia was 43.5 vs. 63 % among middle- and low-income
countries compared with high-income countries; 55.2 vs. 12.0 %
among boys compared to girls; and 73.7 and 49.2 % in Australia and
Europe, respectively.

6. Assessment of childhood obesity

Assessing obesity in children involves a combination of physical
measurements, laboratory tests, and clinical evaluation.

6.1. Anthropometric measurements

A) Body Mass Index (BMI): The primary tool for screening obesity.
BMI is calculated as weight (kg) divided by height (m"2). BMI-for-
age percentiles are used for children [2,4].

B) Waist Circumference: Measures central adiposity. Waist circum-
ference percentiles are compared to standardized charts [11].

C) Skinfold Thickness: Uses callipers to measure subcutaneous fat at
specific sites (triceps, subscapular) [2,4].

6.2. Biochemical Markers [2,4,62-64]

a) Lipid Profile: Measures total cholesterol, high density cholesterol
(HDL-C), low density cholesterol (LDL-C), and triglycerides. Elevated
levels can indicate dyslipidemia associated with obesity.

b) Blood Glucose and Insulin Levels: Fasting glucose, glycosylated he-

moglobin (HbAlc), and fasting insulin levels help assess risk for type

2 diabetes and insulin resistance.

Liver Function Tests: Elevated liver enzymes ALT, AST can indicate

metabolic dysfunction-associated steatotic liver disease(MASLD), a

common obesity-related condition. Fibrosis-4 (FIB-4) index can es-

timate the amount of liver fibrosis. FIB-4 is based on routine blood
tests (age, AST, ALT, and platelets) and widely accessible.

Enhanced Liver Fibrosis (ELF) test measures three serum biomarkers

associated with the liver’s fibrotic process:

a. Hyaluronic acid (HA)

b. Tissue inhibitor of metalloproteinase-1 (TIMP-1)

c. Procollagen III N-terminal peptide (PIIINP)

C

~—~

d

=

These markers reflect liver matrix remodeling and fibrosis. The ELF
score is derived from a mathematical algorithm applied to these bio-
markers, providing a numerical value that correlates with the degree of
liver fibrosis. ELF measures specific fibrosis-related markers and may
provide a more direct indication of fibrotic activity but requires
specialized testing. ELF might provide more accuracy, especially for
early or mild fibrosis detection.

e) Thyroid Function Tests: Thyroid-stimulating hormone (TSH) and
free T4 levels to rule out hypothyroidism as a cause of weight gain.
f) Inflammatory Markers: C-reactive protein (CRP) and adipokines
(leptin, adiponectin) to assess chronic inflammation and metabolic
syndrome.
g) Imaging Studies [62-64]:
a. Ultrasound: To evaluate hepatic steatosis in suspected cases of
MASLD.
b. Dual-energy X-ray Absorptiometry (DEXA): Measures body
composition, including fat mass and lean mass.
c. MRI-pdff (Magnetic Resonance Imaging — Proton Density fat
fraction) is a non-invasive and highly sensitive test which detects
the presence and degree of steatosis.



V. Pahuja and S. Sanghvi

d. MRS (Magnetic Resonance Spectroscopy) is another MRI-based
method which assesses liver fat content and provides detailed
information about the type and quantity of fat.

e. Transient Elastography (FibroScan) is a non-invasive provides an
estimate of liver fat content.

6.3. EOSS-P staging

The Edmonton Obesity Staging System for Paediatrics (EOSS-P) is a
comprehensive framework designed to classify the severity of obesity-
related health risks in children and adolescents. It considers physical,
metabolic, and psychological health impacts [65].

EOSS-P Stages:

Stage 0: No apparent risk factors or physical symptoms.

Normal clinical and laboratory results.

No apparent impairment in well-being.

Stage 1: Presence of mild obesity-related risk factors or mild
symptoms.

Slightly elevated blood pressure, mild dyslipidemia, or slightly
elevated fasting glucose.

Mild psychological distress (e.g., self-esteem issues).

Stage 2: Presence of moderate obesity-related risk factors or
symptoms.

Hypertension, dyslipidaemia, or impaired fasting glucose.

Moderate psychological distress (e.g., anxiety, depression).

Some functional impairment (e.g., difficulty in physical activities).

Stage 3: Significant obesity-related comorbidities or severe
symptoms.

Type 2 diabetes, sleep apnoea, severe hypertension.

Severe psychological distress impacting daily function.

Significant functional impairment (e.g., inability to engage in phys-
ical activity).

Stage 4: Severe disability or end-stage conditions related to obesity.

Severe organ damage (e.g., end-stage liver disease, cardiovascular
disease).

Severe, disabling psychological conditions.

Profound functional impairment.

7. Prevention of child hood obesity

Prevention of child hood obesity involves emphasis on ameliorating
the obesogenic environment through change in diet, reducing sedentary
behaviour and screen time, increasing physical activity and improving
sleep.

7.1. Dietary intervention

7.1.1. Before and after child birth

Preventative strategies for childhood obesity should start with
managing maternal health, including diabetes control, healthy weight
gain, proper nutrition, and physical activity during pregnancy.

Maternal factors play a significant role in shaping a child’s risk of
developing adiposity and obesity. Research indicates that higher
maternal BMI is associated with increased adiposity in children, even
when they are born at a normal weight [66]. Gestational diabetes and
maternal hyperglycemia can disrupt fetal glucose regulation, height-
ening the risk of adiposity in the offspring. Diet during pregnancy also
matters; a high-fat, high-protein diet correlates with greater adiposity
risks, whereas a diet rich in vegetables, fruits, and fiber is linked to lower
instances of neonatal macrosomia [66]. Postnatal extended breastfeed-
ing has been shown to offer greater protection against adiposity and
metabolic syndrome. A meta-analysis of nine studies involving 69,000
infants revealed a significant reduction in obesity risk among breastfed
babies [67]. The protective effects of breastfeeding are likely due to both
behavioural and hormonal mechanisms. Breastfed infants tend to
develop better satiety regulation compared to those who are
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formula-fed. Furthermore, formula-fed infants often experience more
rapid and unregulated weight gain, which can contribute to excessive
weight gain later in life. Overall, breastfeeding offers optimal nutrition,
safeguarding against both under-nutrition and adiposity [68].

7.1.2. Early childhood and adolescence

Introducing complementary feeding too early, especially before 4
months, has been linked to a six-fold increase in obesity risk by age three
in formula-fed infants, though breastfed babies don’t face the same risk
[69]. The timing and quality of complementary foods are crucial. It’s
essential to promote the introduction of varied, healthy foods, including
fruits, vegetables, and appropriate proteins, while avoiding
energy-dense, nutrient-poor options and sugary drinks. Establishing
healthy eating habits through repeated exposure to nutritious foods
during early childhood is vital [70].

During school years and adolescence, dietary habits remain a critical
factor in obesity prevention. Children and adolescents are highly influ-
enced by peer pressure, media, and the availability of unhealthy foods.
Diets rich in fruits, vegetables, and low in fat and refined carbohydrates
are essential to reducing obesity risk [71]. It is recommended that
children consume at least 5 servings of whole fruits and vegetables daily
while avoiding intake of calorie dense nutrient poor foods including
sugar sweetened beverages, most ‘fast foods’ or those with added table
sugar, high fructose corn syrup, high fat or high sodium processed foods
and snacks [71,72]. Fat consumption should be restricted to 25-35 % of
total energy intake [73].Clear guidance and support should be provided
to caregivers to avoid specific categories of foods (e.g., sugar sweetened
milks, fruit juices and energy-dense, nutrient-poor foods) to prevent
excess weight gain. Active efforts should be made at the level of schools
for limiting availability of unhealthy foods and drinks and promoting
consumption of low energy density healthy foods and safe drinking
water. Frequent ‘eating out’” and ‘fast food’ should be discouraged. The
portion of food served during a meal should also be regulated as children
served with larger portions are reported to have poor regulation of en-
ergy intake. Recent evidence also supports beneficial role of family
meals in improving healthy eating behaviours. Therefore, parental
counselling for appropriate child feeding practices should be encour-
aged. Frequent snacking and ‘grazing’ should be discouraged. Parents
should avoid using unhealthy foods stuffs for rewards during childhood
[73].

7.2. Physical activity promotion

Low physical activity among children is a significant factor in the
global obesity epidemic. Obesity, in turn, can further reduce physical
activity, creating a vicious cycle. Regular exercise is essential, not only
for reducing body fat but also for improving cardio-respiratory fitness
and bone health [74]. The World Health Organization (WHO) recom-
mends that children and adolescents aged 5-17 years should engage in
at least 60 min of moderate to vigorous physical activity daily, which
can be spread throughout the day through various activities, including
sports, play, and chores. Incorporating 30 min of exercise into the school
schedule is also advised [75]. Both structured and unstructured activ-
ities should be enjoyable and sustainable, with parental involvement to
set a positive example [76].

7.3. Reducing screen time

Excessive television viewing and screen time contribute significantly
to the risk of obesity in children [77]. These activities encourage a
sedentary lifestyle, increase snacking, and reduce the time available for
physical activity. Furthermore, exposure to commercials promoting
unhealthy foods can negatively influence dietary habits. Studies show
that each additional hour of screen time is associated with a 13 % in-
crease in obesity risk [78]. To mitigate this, non-academic screen time
should be limited to 1-2 h per day, and digital platforms should be



V. Pahuja and S. Sanghvi

leveraged to promote healthy eating and active lifestyles.
7.4. Maintaining sleep hygiene

Poor sleep quality and insufficient sleep duration are linked to an
increased risk of obesity in children. Sleep disturbances can disrupt the
neuro-hormonal regulation of the biological clock, leading to changes in
appetite and energy balance [79]. Adequate sleep, with a minimum of
8.5-10.5 h for adolescents, is essential for preventing obesity. Ensuring a
quiet, electronic-free environment for sleep is also crucial [80].

A ‘3-2-1" approach can be emphasized upon parents for obesity
prevention where a child should consume 3 major meals, have less than
2 h of screen time and engage in at least 1 h of physical activity daily.

8. Role of technology and artificial intelligence in prevention of
childhood obesity

8.1. Digital health technology

Digital health technologies such as mobile health (mHealth) apps
and telehealth services, are increasingly important in obesity prevention
[8].These tools enable continuous tracking of diet, exercise, and other
health behaviours, offering real-time feedback through reminders and
motivational messages [81]. Some systems engage children in an
interactive manner, providing personalized advice on nutrition and
physical activity. This approach not only helps children make healthier
choices but also allows parents and healthcare providers to monitor
progress, fostering a collaborative environment that boosts account-
ability and promotes a healthier lifestyle [82].

8.2. Artificial intelligence (AD

Al is transforming obesity prevention by analysing large datasets to
uncover hidden patterns. Machine learning models can predict obesity
risk by evaluating various factors like diet and activity levels, providing
personalized recommendations for weight management. These tools are
also key in early detection, with some capable of identifying obesity
risks in children as young as two years old. Real-time monitoring
through Al applications helps children and caregivers track progress and
adjust behaviours, making obesity prevention more proactive and
personalized [83].

8.3. Social robots

Emerging technologies like social robots are being explored as tools
to encourage healthier behaviours in children. These robots engage kids
in a way that is both enjoyable and educational, helping to promote
physical activity and better eating habits [84]. With their human-like
features, these robots become relatable to children, enhancing their
role as effective agents of behavioural change.

9. Obesity prevention levels

Preventing childhood obesity involves intervening at various levels
with which child interaction can be identified. Obesity prevention in-
terventions can be deployed at home, school or community levels for
effective results and forms the basis of obesity prevention framework.

Refer Table 2 for Levels of obesity prevention.

9.1. Home based interventions

The family environment plays a crucial role in shaping a child’s
behaviour, giving parents a unique opportunity to promote healthy
eating and physical activity from an early age. Home-based in-
terventions aimed at fostering these healthy behaviours should begin as
early as the toddler years. While research highlights the importance of
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Table 2
Overview of community and school-based interventions [85-94].
Intervention Program Target Key Outcomes
Type Name Demographic Components
School-Based  Healthy School Nutrition Improved
Eating Children education, BMI, better
Initiative Active breaks eating habits
Community- Active Families Free exercise Increased
Based Living classes, physical
Campaign Community activity
sports events engagement
Policy Level Healthy Schools Guidelines for Decreased
Foods in healthier food availability of
Schools options junk food

# BMI: Body Mass Index.

parental involvement in successful family interventions to prevent and
treat obesity, there is still limited data on which specific parenting
approach (coercive, facilitatory, or monitoring) is most effective [85].

Poor family functioning is linked to higher obesity risk. Effective
interventions involve family counselling for diet and physical activity
changes, and sometimes general parenting skills. Studies show that
involving both parents and children yields better results than parent-
only interventions, which are, however, more cost-effective [86].

Overall, intense and longer interventions tend to be more effective.
Family-based programs that support positive behaviours have shown
promising long-term effects on children’s BMI and healthy lifestyle
habits [87].

9.2. School based interventions

School-based interventions have proven effective in both preventing
and treating childhood obesity [88]. These programs can be standard-
ized and implemented on a large scale, focusing on healthy eating,
physical activity, and lifestyle education. Studies show that mandatory
aerobic exercise, as part of these interventions, is more effective than
voluntary programs. School-based interventions have also been linked
to improved academic performance and cognitive functions [88].
Meta-analyses confirm significant benefits on BMI and blood pressure,
especially when parents are involved [89].

9.3. Community based interventions

Community and political interventions are also vital for achieving
sustainable benefits. Societal support through school wellness policies,
recreation programs, and shifts in food advertising is necessary, along
with a broader commitment to preventive strategies across sectors such
as education, agriculture, and urban planning [90]. A combined
approach involving multiple settings, including schools, communities,
and healthcare, is considered most promising. Combining clinical care
with community initiatives seems promising. For instance, a study by
Hoffman et al. showed that an integrated approach improved physical
activity and quality of life for at-risk children more effectively than
clinical care alone [91].

Globally, the WHO’s 2004 strategy aimed at reducing non-
communicable diseases by promoting healthier diets and physical ac-
tivity has laid the groundwork for tackling obesity. This strategy em-
phasizes the need for governments to engage in comprehensive
interventions, from policy changes to grassroots health promotion [92].

9.4. Global initiatives

WHO established a commission focused on ending childhood
obesity, which released a report in 2016 [93]. Key recommendations
include promoting healthy food intake, physical activity, and providing
support for prenatal care and early childhood health. The Commission
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also calls for stricter regulations on advertising unhealthy foods and
beverages, improved access to healthy foods, and the promotion of
healthy eating and lifestyle behaviours at home and in schools.

Aligned with ASEAN’s sustainable development goals, several
countries in the region have launched initiatives to improve nutrition,
encourage healthier eating habits, and boost physical activity. For
instance, Singapore has rolled out the Healthy Meals in Schools Program
and the National Steps Challenge, while Malaysia has implemented
nutrition labeling and introduced taxes on sugar-sweetened beverages
[94]. All ASEAN member states have also put in place measures to
promote breastfeeding. In a broader context, China has recently pro-
posed a comprehensive national strategy for obesity prevention and
control. Although there are geopolitical differences across Asia, these
efforts could offer valuable lessons that might be adapted for South and
Southeast Asia. Considering the magnitude of the obesity problem, bold
and extensive programs are essential at both national and regional levels
to prevent obesity and mitigate its medical, financial, and personal
impacts [94].

10. Treatment of childhood obesity

Treatment if childhood obesity involves a multidisciplinary
approach involving paediatricians, dietitians, psychologists, and other
healthcare professionals is often necessary to provide comprehensive
care for children and adolescents with obesity. The majority of emphasis
is on lifestyle and behaviour change supported by pharmacotherapy and
metabolic surgery if necessary.

10.1. Lifestyle interventions [95]

Lifestyle interventions are crucial for preventing and treating child-
hood obesity by focusing on dietary changes, physical activity, and
health education. Research supports these interventions as effective in
promoting sustainable weight loss and better health outcomes.

Age-appropriate and culturally sensitive lifestyle modifications are
the first-line treatment for childhood obesity, aimed at reducing fat mass
and improving cardiovascular fitness. These include dietary changes,
increased physical activity, and behavioural modifications. Lifestyle
interventions are effective in reducing BMI and lowering the risk of type
2 diabetes later in life, particularly when parents are involved, though
the effects may be short-lived without continued support.

10.1.1. Dietary interventions

A balanced diet rich in fruits and vegetables, along with a restricted
calorie intake (not less than 1200 Kcal daily for children aged 6-12
years), is essential. However, weight regain is often observed after dis-
continuing these diets. The “traffic light” approach categorizes foods
into green (no restriction), yellow (moderation), and red (restricted),
helping to simplify dietary choices [96].WHO recommends that less
than 10 % of daily energy intake should come from free sugars.
Combining dietary counselling with behavioural approaches and strong
parental involvement enhances long-term success [9].

10.1.2. Physical activity and behavioural modifications

Exercise, combined with reduced caloric intake, helps achieve and
maintain weight loss, improving cardiovascular fitness and cognitive
function even without significant weight loss. 60 min of daily physical
activity is recommended [75,97]. Limiting screen time and adopting
healthy lifestyle habits as a family are crucial for lasting results. Struc-
tured weight reduction programs with close supervision and positive
reinforcement can be effective for children who do not achieve desired
weight loss through preventive strategies alone [75,81,98].

10.1.3. Effectiveness and challenges
Comprehensive lifestyle interventions effectively reduces BMI and
improve metabolic health. Long-term programs, particularly those
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lasting over a year, are more successful. However, challenges include
maintaining adherence, individual variability in response to in-
terventions, and the need for strong support systems [98].

10.2. Pharmacological agents

Medication is recommended only when intensive lifestyle modifi-
cations fail, particularly for adolescents aged 16 and older with severe
obesity or related comorbidities. Orlistat is approved for children aged
12-16 years. Liraglutide, the GLP1 agonist, is approved by most regu-
latory bodies for treatment on adolescent obesity (ages 12-18) [2,99]. It
acts on its receptors in the hypothalamus to reduce appetite, slow gastric
motility, and act centrally on the hind brain to enhance satiety [99].
Semaglutide has been approved for all adolescents aged 12-17 years of
age and it has the same action as Liraglutide which it causes by
enhancing insulin secretion [100,101]. These medications are typically
reserved for adolescents with a BMI at or above the 95th percentile and
are prescribed when the potential benefits outweigh the risks [100,101].
In addition to the currently approved medications, several new
anti-obesity drugs are in development or have recently been approved
for adult use, these include:

a) Incretin receptor co-agonists and tri-agonists: These novel com-
pounds target multiple receptors involved in appetite regulation and
glucose homeostasis, potentially offering enhanced weight loss and
metabolic benefits [2,102].

b) Setmelanotide: A melanocortin-4 receptor (MC4R) agonist
approved for treating obesity associated with genetic disorder [102].

Refer Table 3 for treatment options for childhood obesity.

10.3. Bariatric surgery

Bariatric surgery is considered for adolescents with a high BMI (over
40 kg/m?, or over 35 kg/m? with significant comorbidities) who haven’t
achieved sufficient weight loss through intensive lifestyle changes or
medication. Candidates must have reached Tanner stage 4 or 5 of pu-
berty and be close to their adult height [2,4,73]. Before surgery, a
psychological evaluation is recommended to assess the level of psy-
chological distress and ensure a stable, supportive home environment
for post-operative care.

The types of bariatric surgery available for adolescents include
malabsorptive, restrictive, or a combination of both. Vertical sleeve
gastrectomy is a restrictive procedure, while Roux-en-Y gastric bypass
combines both restrictive and malabsorptive methods [103]. Bariatric
surgery is widely regarded as the most effective long-term solution for
significant weight loss in adolescents struggling with obesity. On
average, it reduces BMI by 25-40 % within 1-9 years after the proced-
ure. Besides helping with weight loss, these surgeries also greatly
improve related health issues like cardiometabolic risks, joint pain, and
mobility. Notably, conditions such as type 2 diabetes and hypertension
often improve more in teens than in adults after surgery. While
short-term boosts in quality of life and fewer depression symptoms are
common, mental health outcomes can vary [103-105].

The mortality rate five years after surgery is similar between teens
and adults, but adolescents tend to undergo more re-surgeries and are
more prone to low ferritin levels, which requires careful monitoring
[105]. Although earlier guidelines recommended surgery only for older
teens who had reached skeletal maturity, newer guidelines allow for
younger candidates if they meet the necessary medical criteria [2,4].
Weight regain is a common issues post surgery and needs behaviour
change of child with parental support [103,104]. Despite its benefits,
bariatric surgery in adolescents remains uncommon due to concerns
about the invasiveness and permanence of the procedures, long-term
safety, limited access to surgical facilities, insurance coverage issues,
and biases in referrals [105].
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Table 3
Summary of treatment options for childhood obesity [2,4,9,73,75,81,95-105].
Treatment Type Indications Potential Benefits Age Appropriateness
NON PHARMACOLOGICAL
Lifestyle First-line treatment for all children and adolescents with - Reduces BMI Age-appropriate and culturally sensitive interventions
Interventions obesity. - Lowers risk of type 2 diabetes for all ages
- Improves cardiovascular fitness
- Enhances cognitive function
Dietary All children with obesity, especially those needing structured - Promotes weight loss Children aged 6-12 years and older
Interventions dietary changes. - Improves overall health

Physical Activity Children with obesity requiring improved fitness and reduced

screen time.

Behavioural Children with obesity needing support in adopting
Modifications healthylifestyle habits.

PHARMACOLOGICAL

Orlistat Adolescents aged 12-16 with severe obesity, failing lifestyle
changes.

Semaglutide Adolescents aged 12-17 when other lifestyle interventions
fail.

Liraglutide Adolescents aged 12-17 when other lifestyleinterventions fail.

Incretin Receptor
Co-Agonists and
Tri-Agonists

Adolescents with severe obesity, particularly those with type
2diabetes or metabolic syndrome.

Setmelanotide Adolescents with obesity linked to specific genetic disorders.

(e.g., POMC" deficiency)

SURGICAL

Adolescents with a BMI over 40 kg/m? or over 35 kg/m? with
significantcomorbidities, unresponsive to lifestyle and
pharmacological treatments.

Bariatric Surgery

Easy to follow with “traffic
light” approach

Helps achieve and maintain
weight loss

Improves cardiovascular and
cognitive health

Sustains weight loss

Reduces screen time
Encourages family-wide healthy
habits

Reduces fat absorption
Contributes to weight loss

GLP-1 receptor agonist
Increases insulin secretion
Reduces appetite and slows
gastric emptying

Significant weight loss
Enhance insulin secretion,
reduces appetite, and slows
gastric emptying

Potential for significant weight
loss
Improves glucose homeostasis

Effective for genetically driven
obesity
Targets melanocortin-4 receptor

Significant and sustained weight
loss

Improves comorbid conditions
like type 2 diabetes and
hypertension

Recommended for all children (at least 60 min of daily
activity)

Appropriate for all ages with family involvement

Approved for children aged 12-16

Recently approved for adolescents with obesity, but
long-term effects are still being studied

The long-term safety and effectiveness of GLP-
1 analogues in children are still being studied, and
their use requires careful monitoring

Currently under research; not yet approved for
pediatric use

Approved for specific genetic disorders in children as

young as 6 years old

Typically for older adolescents; newer guidelines
allow for younger candidates if medicallynecessary

2 POMC - Pro-opiomelanocortin.
b GLP-1 - Glucagon-like Peptide-1.

11. Conclusion

Childhood obesity is rising in south east Asian countries and needs a
viable and long term solution to mitigate the burden of the metabolic
complications in adulthood due to childhood obesity that is posing a
great threat to the already compromised economies. The combined
effort of south Asian countries is required to handle the situation in an
adept way and it requires volunteering of experts and local bodies who
endorse and reverberate with government sentiments. Extensive
regional and national programs to tackle the obesity across this geopo-
litical region is the need of the hour.

Prevention of childhood obesity is a complex task that requires co-
ordinated efforts from all sectors of society. Key strategies include pro-
moting balanced diets, proper sleep, and healthy lifestyles, with
interventions focusing on home, school, and community settings. A

comprehensive, life-course approach—starting from maternal care and
continuing through adolescence—is essential. Legislation and commu-
nity education are also critical in supporting these efforts. Achieving
lasting reductions in obesity will depend on implementing a multi-
faceted strategy across all these platforms.
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