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Abstract: Obesity and its associated comorbidities have emerged as a major health problem
garnering interests from both public health agencies and mainstream media consumers. With
increasing awareness on its impact on health, finances, and community at large, it has come to
the forefront for scientific research and development of health plans. The need for better strategies and novel interventions to manage obesity is now being recognized by the entire health
care system. Obesity and overweight is now the fifth leading global risk factor for mortality.
Strategic investment is thus urgently needed to implement population-based childhood obesity
prevention programmes which are effective and also culturally appropriate. Population-based
prevention is crucial to stem this rising tide of childhood obesity which is fast reaching epidemic
proportions. Obesity has its onset very early in life; therefore, children constitute a major group
of this disease. It is thus imperative to lay utmost importance on prevention of obesity in children
and herald its progress, if present already. Furthermore, treatment is still in preliminary stage,
so early prevention holds better than treatment at later stages. This article is an attempt to lay
emphasis on childhood obesity as a problem that needs to be recognized early and measures
for its prevention.
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Introduction
Obesity and its assessment
The mechanisms involved in weight regulation and the development of obesity in
children are varied and include genetic, environmental, and developmental factors.
The relative importance of each of these mechanisms varies substantially between
individuals and populations and is a subject of ongoing research.1 IOTF (International
Obesity Task Force) defines overweight and obesity in children 2–18 years of age
using body mass index (BMI) cutoff points of 25 and 30 kg/m2, respectively.2 As the
child’s BMI varies with age, different age-specific cutoffs have been used to define
overweight and obesity. Children are thus defined as being overweight or obese if they
have a BMI above the cutoff for the given age and sex.3,4 Accurate height and weight
measurements are an integral part of general physical examination. Its role in early
recognition of excessive weight gain makes it an important component of any visit to
a primary health care center.5 BMI is now recommended as the single best indicator
of overweight and obesity in children and adolescents in clinical practice.6–8
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Why should we care about childhood
obesity?
There are two main reasons to target childhood obesity. First,
overweight and obese children and teens are much more
likely to become obese as adults compared to normal BMI
children, and second, it is more challenging for these adults to
lose the excess weight once they become obese. Newer drugs
and bariatric procedures for treating obesity-related health
problems have emerged but these procedures are costly and
have their own complications. Thus, prevention of childhood
obesity with emphasis on increased physical activity is of
prime importance.9–11
The modern society and culture has managed to oust
routine physical activity out of everyday life for most children
and made energy dense, low nutrient food and beverages more
affordable and accessible, making them far more appealing
than their healthier counterparts. Behavioral changes and
lifestyle modifications are the primary tools for reducing
obesity. However, if the environment contributes to the
unhealthy eating practices and sedentary lifestyle, strategies
and interventions relying solely on individual “self-control”
will not be very effective. Children are less equipped to make
informed choices about what is healthy and what is not,
making it all the more important to concentrate on modifying the environment. This will provide children with healthy
food options and improve their physical activity level, thus
reducing the risk of obesity.12
Furthermore, obese children today are getting affected
by diseases and health problems previously observed only
in adults; many obese children today are developing health
problems that once afflicted only adults. Chronic illnesses like
diabetes mellitus and heart disease have an earlier onset and
a prolonged course in these obese children, and even though
the disease might remain undiagnosed until adulthood, the
resulting complications are more severe leading to a shorter
life.13 Childhood obesity leads to many short- and long-term
complications (Table 1).

Prevention of childhood obesity
Prevention is the key to success for obesity control as
many, but not all, obese children will eventually become
obese adults. “Tracking” or the likelihood of persistence
of childhood obesity into adulthood is related to the age.
The management of obesity in adults is a difficult and often
unsuccessful feat especially in the absence of a known organic
etiopathogenesis (eg, leptin deficiency, other hormonal
abnormalities). Prevention of childhood obesity on the other
hand can be more rewarding, providing better chances for
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Table 1 Complications associated with childhood obesity
Acute14–16

Orthopedic disorders17

Liver and gall bladder
dysfunction18
Physical and
psychological19–21

Cardiovascular and
endocrine22–24

Cancer17
Long-term 23,25

• Type 2 diabetes
• Hypertension
• Hyperlipidemia
• Precocious puberty
• Ovarian hyperandrogenism
• Gynecomastia
• Cholecystitis
• Pancreatitis
• Pseudotumor cerebri
• Fatty liver
• Renal disease (focal glomerulosclerosis)
• Slipped capital femoral epiphysis
• Tibia vara
• Blount disease
• Elevated transaminases
• Cholecystitis
• Depression
• Eating disorders
• Social isolation
• Sleep disorders
• Hyperinsulinism and insulin resistance
• Hypercholesterolemia
• Hypertriglyceridemia
• Low levels of high-density lipoprotein
• Hypertension
• Polycystic ovary syndrome
• Coronary artery disease
• Left ventricular hypertrophy
• Colorectal carcinoma
• Ischemic heart disease
• Short life span
• Stroke
• Sudden death

reducing long-term complications. There are three levels of
prevention in dealing with childhood obesity:26–28
1. Primordial prevention: deals with keeping a healthy
weight and a normal BMI throughout childhood and into
the teens.
2. Primary prevention: aims to prevent overweight children
from becoming obese.
3. Secondary prevention: directed toward the treatment of
obesity so as to reduce the comorbidities and reverse
overweight and obesity if possible.
Inculcating healthy practices like plant-based foods and
fruit consumption and inclusion of exercises and active lifestyle form the pillars of the prevention programme.29–31
All the previously mentioned strategies when combined
together can be put into practice sequentially from perinatal
period to adolescence as follows:
• Perinatal: this includes adequate prenatal nutrition with
optimal maternal weight gain, good blood sugar control
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in diabetics, postpartum weight loss with exercises and
nutritional counseling.32
• Infancy: early initiation of breastfeeding, exclusive
breastfeeding for 6 months followed by inclusion of
solid foods, providing a balanced diet with avoidance
of unhealthy calorie-rich snacks and close monitoring
of weight gain.33–35
• Preschool: providing nutritional education to parents and
children so as to develop healthy eating practices, offer
healthy food preferences by giving early experience of
different food and flavors, and following closely the rate
of weight gain to prevent early adiposity rebound.36
• Childhood: monitoring both the weight and height,
preventing excessive prepubertal adiposity, provide
nutritional counseling, and emphasis on daily physical
activity.37
• Adolescence: prevent the increase in weight after growth
spurt, maintain healthy eating behavior, and reinforcing
the need for daily exercises and workouts.38–39
Furthermore, advocate nutritional goals, such as the
traffic light diet:
• Green – GO: includes food which are low in calories and
can be eaten without any restrictions.
• Yellow – CAUTION: food items with moderate high
calorie content and can be eaten only in moderation.
• Red – STOP: high calorie food items which should be
avoided or eaten rarely.40,41

Physical activity and behavior therapy
Physical activity is the key component for prevention and
management of obesity.42,43 Preschool children require
unstructured activities and thus will benefit from outdoor
play and games. On the other hand, school going children and
adolescents require at least 60 minutes of daily physical activity out of which 30 minutes should be structured activities
like sports and supervised exercises.44–46 This has also been
recommended by American Academy of Pediatrics.47 Simply
providing education on obesity-related health risks, nutrition,
and physical activity is insufficient to induce behavioral
change. The best-established counseling techniques used for
pediatric obesity treatment use a behavioral change model,
which includes the following elements:
• Self-monitoring of target behaviors (logs of food, activity,
or other behaviors recorded by patient or family).
This allows the child and family to recognize the behaviors contributing to their weight gain. Clinician feedback
throughout the self-monitoring process is essential to monitor
the behavior change. A patient’s food log may also identify
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other contributors to eating behaviors, such as the meal-time
environment, boredom, and level of hunger, all of which can
be valuable in the evaluation of stimulus control.
• Stimulus control to reduce environmental cues that contribute to unhealthy behaviors.
This includes reducing access to unhealthy behaviors
(eg, removing some categories of food from the house or
removing a television from the bedroom) and also efforts to
establish new, healthier daily routines (such as making fruits
and vegetables more accessible).
• Goal-setting for healthy behaviors rather than strict weight
goals.
Goal-setting is widely used for inspiring behavioral
change. However, the process can be detrimental if goals are
not realistic and maintainable. Appropriate goals are Specific,
Measurable, Attainable, Realistic, and Timely (“SMART”).
• Contracting for selected nutrition or activity goals.
Contracting is the explicit agreement to give a reward for
the achievement of a specific goal. This helps children focus
on specific behaviors and provides structure and incentive to
their goal-setting process.
• Positive reinforcement of target behaviors.
Positive reinforcement can be in the form of praise for
healthy behaviors or in the form of rewards for achieving
specific goals. The reward should be negotiated by the parent
and the child, ideally facilitated by the provider to ensure that
the rewards are appropriate. Rewards should be small activities or privileges that the child can participate in frequently,
rather than monetary incentives or toys; food should not be
used as a reward.48–53
Despite some discrepancy in study outcomes of increasing physical activity as a means to lower BMI, increasing the
physical activity level of the child and family is a key focus
in obesity treatment.54–57 As with nutrition goals, strategies
for increasing physical activity are individualized. Clinicians
should take into account the developmental stage of the child,
family schedule, and personal preferences for activity, while
being mindful of sedentary activity. Clinicians can support
the change process by consistently advising children and
families to be physically active, suggesting options and
encouraging goal-setting. In addition, community participation can be encouraged by forming partnerships with local
fitness centers and schools. To increase physical activity in
children, it is often helpful to consider a variety of options.
Structured physical activity (organized sports or performance
arts) may be team-based or individual and competitive or noncompetitive. Less structured activities include recreational
sports with peers or family, self-directed physical training,
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and lifestyle activity. Although these categories overlap,
they provide expanded and diverse options and increase the
opportunities for physical activity for the child and family. For
preschool-aged children, unstructured activity like outdoor
play is simple and useful.58 Providers can boost the level of
activity in this age group by “prescribing” playground time
and providing a list of local resources (playgrounds or other
opportunities for active play), in addition to discouraging sedentary time (television use). The provider can also encourage
parents to consider physical activity levels when they make
choices regarding day care and after-school programs.
Substantial evidence supports the importance of reducing sedentary activity as a means of preventing and treating
obesity in children.59,60–63 Reducing sedentary activity has
the secondary benefit of reducing the calorie intake and thus
may prove to be more effective than increasing structured
physical activity.54 In developed countries, overindulgence in
leisure activities and entertainments like television, computer
and Internet, virtual gaming, and other media are the root
cause of sedentary lifestyle. In fact, television viewing is the
single best established environmental cause in the evolution
of childhood obesity. Data on the role of other media in the
development of obesity are lacking. It is recommended that
television viewing and other “screen time” (other than homework) is restricted to less than 2 hours daily, and that children
under age 2 years avoid television altogether.64 Because many
children initially will view television substantially more than
this target, the first step should be in decreasing their present
amount. School-wide campaigns and messages, and behavioral interventions using reinforcement and reward strategies
have been effective in reducing television use.60
Behavioral treatment strategies, detailed earlier, such as
self-monitoring, can also be useful. Children and families
should first monitor their present amount of media use and
then set goals to reduce it. The following recommendations
are made in keeping with the American Academy of Pediatrics policy statement.64
• No television set in child’s bedroom
• No television viewing during meals
• Maximum time for television and media viewing of 2
hours or some strategy that approximates this limit
• No media viewing for children under 2 years of age
Substituting healthier behaviors and entertainment is
helpful for accomplishment of these goals. For younger
children, this is through the use of “active games” such as
tag, hula hooping, and obstacle courses. Quiet, nonmedia
activities such as reading aloud or playing board games are
also acceptable substitutes, because they avoid television
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advertising and establish patterns of family interaction that
may ultimately lead to active play. Taking activity breaks
during television commercials both reduces exposure to
advertising and establishes specific windows for activity;
an average hour of television features ∼20 minutes of commercials with half of them being food related. Strategies to
reduce media use for older children are more variable and
are best addressed through a combination of self-monitoring,
establishment of family media limits, and negotiation to identify substitute activities. Because both media and homework
are often accessed through the computer, it can be difficult
for a parent to monitor a child’s actual media use. For these
and other reasons, engagement of the child in the behaviorchange process is essential, using the behavioral strategies
outlined earlier.

Pediatric experience with drugs
Experience with pediatric use of weight loss drugs has
surfaced and some of the findings are promising. However,
anorectic drugs are not recommended for routine use for
childhood obesity. The efficacy and safety of these drugs
have to be established by controlled clinical trials before
prescribing them in prepubertal children. In the case of postpubertal adolescents who have failed to respond to behavioral
therapy and diet modifications, use of anorectic drugs can
be considered. All adolescents on medical therapy should
be encouraged to engage in physical activity and should
concurrently receive nutritional education and joint family
counseling.65–70

Newer modalities
Many therapies that have been tried and are still in early phase
or have met little success are “hunger training”, which aims
to teach people to eat only when blood glucose is below a set
target. Although it appears promising as a weight loss strategy, it is still to be proved so.71 Based on the same principle,
Biofeedback Enhanced Lifestyle Intervention has also been
put to test in the recent past.72 For this technique (also known
as “hunger recognition”), participants are given a portable
self-monitoring (blood glucose) device and instructed to eat
only when physical hunger is confirmed (blood glucose in the
target range of 60–85 mg/dL). Many people find these techniques as uncomfortable, embarrassing, and inconvenient.
In addition to the previously mentioned techniques, there
are certain biochemical markers that are markers of satiety
like glucagon-like peptide and cholecystokinin. Leptin is
another useful marker primarily stimulated by carbohydrates
in diet that can be used for long-term appetite responses.73
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A lot needs to be investigated further to come to a complete
understanding of this field.

Conclusion
Childhood obesity today constitutes one of the most serious
health concerns, both in the developed and developing
world. Obesity in childhood is causative for many chronic
diseases, including type 2 diabetes, cardiovascular disease,
hypertension, osteoporosis, and some carcinomas. It also has
psychosocial consequences and may contribute to a delay in
academic and social functioning as well as poor self-esteem
and depression. The interventions for preventing and controlling obesity are mainly aimed at limiting the intake of sugar
and high calorie snacks with higher consumption of vegetable- and fruit-based diet. This includes eating calcium-rich
high-fiber diet with balanced micronutrients, daily healthy
breakfasts and home cooked family meals, smaller portion
size, and a curtailment in eating-out. Last but not least,
decreasing the duration of “screen time”, especially television, and increasing the level of physical activity are vital
for preventing childhood obesity. Over the last 30 years, the
prevalence of childhood obesity has increased exponentially.
Multifaceted strategies involving the public and private health
sectors along with community participation are required to
gradually reverse this trend.
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