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ABSTRACT

Obesity and overweight have become critical global public health concerns, contributing
to the rising incidence of lifestyle-related diseases such as cardiovascular disorders, type 2
diabetes, hormonal imbalance, and hypertension. Early intervention through sustainable
lifestyle practices is therefore essential. In developing countries, the prevalence of child-
hood obesity is increasing due to unhealthy dietary patterns and sedentary lifestyles, high-
lighting the need for innovative management strategies. This randomized controlled trial
examined the effectiveness of a physical activity—oriented behavior modification program
on health-related fitness (HRF) components in obese schoolboys. A total of 40 partici-
pants (aged 10-13 years) were selected from 432 screened children from West Bengal, In-
dia, according to predefined inclusion and exclusion criteria. Participants were randomly
assigned to an Experimental Group (EG, n = 20) and a Control Group (CG, n = 20). The
EG completed a 12-week intervention comprising (a) Physical Activity Sessions (PAS) four
days per week (40-65 minutes/day) and (b) Nutrition Education Sessions (NES) once per
week (30 minutes). The CG received no intervention. The selected dependent variables,
HRF components including cardiovascular endurance, flexibility, body composition, mus-
cular strength, and muscular endurance, were assessed pre- and post-intervention using
standardized tools. Data normality was verified using the Kolmogorov—-Smirnov test, and
ANCOVA was employed to analyze baseline and post-intervention outcomes, with statis-
tical significance set at p < 0.05. The EG showed significant improvements across all HRF
variables compared with the CG (p < 0.00001). These findings demonstrate that school-
based behavior modification programs are highly effective in enhancing HRF components
in obese school boys, promoting improved physical fitness and encouraging long-term ad-
herence to active lifestyles.
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INTRODUCTION

The World Data Bank reveals that, among the major health challenges, obesity and overweight rank
as the fifth leading cause of death worldwide. In children, obesity is commonly assessed using Body
Mass Index (BMI) percentiles, with values above the 95th percentile indicating obesity (Ogden et
al., 2023). Childhood obesity, in particular, is rising at an alarming rate and is closely linked to
the increasing prevalence of type 2 diabetes and other lifestyle-related diseases. Worldwide, obese
children and adolescents aged 8-19 years make up nearly 8%. (Phelps et al., 2024; Zhang et al,,
2024). In India, studies show a steady rise in childhood obesity, particularly in urban areas, due
to changing food habits, increased screen time, reduced opportunities for physical activity, and
lack of parental awareness. The estimated prevalence of overweight and obesity among school-aged
children ranges from roughly 8.4% to 9% (Jacob, 2024; Singh et al., 2023).

The causes of obesity are multifactorial, with an imbalance between energy intake and
expenditure being the primary driver (Sharma & Padwal, 2010). The problem is largely fueled
by unhealthy dietary practices, sedentary behavior, and lack of physical activity, with the burden
being especially pronounced in emerging nations such as India (Gupta et al., 2012). Although
genetics plays a role, the global epidemic is predominantly shaped by environmental and behavioral
factors, often referred to as the “obesogenic environment,” which promotes overeating and physical
inactivity (Kirk et al., 2010). This trend is concerning, as childhood obesity not only increases
the risk of early onset of diabetes and cardiovascular disease but also predisposes individuals to
chronic diseases later in life.

The consequences of obesity extend beyond physical health. It has profound health implications
as it affects multiple biological systems including the cardiovascular, respiratory, endocrine,
and digestive systems. Evidence suggests that obese children are more likely to experience
hypertension, dyslipidemia, impaired glucose metabolism, and psychosocial issues such as low
self-esteem and social isolation (De Ferranti & Osganian, 2007; Viner, 2005). The American
Diabetes Association reports that nearly 85% of children with type 2 diabetes are overweight or
obese. Such findings highlight the urgent need for effective, evidence-based strategies to address
this public health crisis.

Several approaches have been proposed for obesity management, ranging from pharmacological
and surgical interventions to lifestyle-based strategies such as diet control, exercise, and behavior
modification (Mittal & Jain, 2021). Among these, behavior modification combined with physical
activity has proven particularly effective in children and adolescents, as it not only prevents
excessive weight gain but also improves self-regulation and promotes long-term healthy habits
(Moon et al., 2004; Toulabi et al., 2012). Unfortunately, India lacks consistent and effective
obesity management in family and schools due to challenges like inadequate knowledge among
parents and educators, lack of resources, limited policies, and parental involvement. Importantly,
school can play a vital role in implementing school-based interventions that combine diet, health
education, physical activity, and parental awareness to address obesity effectively (Harold W.
Kohl et al., 2013).
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Research indicates that obese children often perform poorly on physical and health-related
fitness (HRF) measures compared to their normal-weight peers. HRF is a holistic marker of
children’s overall health and well-being that includes cardiovascular endurance, flexibility, body
composition, muscular strength, and muscular endurance. Artero et al. (2009) reported that obese
adolescents demonstrated lower endurance and muscular fitness levels, which are key predictors
of long-term health. A randomized controlled trial on obese children suggests that a school-based
intervention program combining diet, health education, and moderate-to-vigorous physical activity
leads to greater reductions in BMI and skinfold thickness, thereby supporting the management of
obesity (Li et al., 2014). A recent systematic review of 27 studies on school-based interventions for
childhood obesity suggested that schools should implement a combination of nutritional education
and physical activity to prevent obesity (Klein et al., 2023). Moreover, while increased physical
activity is consistently shown to improve health outcomes even without significant weight loss,
research focusing on structured, school-based interventions that combine exercise with behavior
modification remains limited.

In this context, the present randomized controlled trial seeks to address this gap by evaluating the
effectiveness of a structured physical activity-based behavior modification program, supplemented
with nutrition education, on HRF in obese school boys. Unlike many previous studies that focus
solely on weight reduction, our study emphasizes the intervention for improvements in HRF, which
defines a child’s health, fitness, and active lifestyle. This approach not only addresses minimizing
the immediate risks of obesity but also promotes sustainable lifestyle changes that can safeguard

long-term health outcomes.

METHOD

Participants

On the basis of inclusion and exclusion criteria, a total of 40 participants were selected from 432
primarily selected schoolboys aged 10-13 years from Ashokenagar, North-24 Parganas, West
Bengal, India. All the participants were randomized by www.randomizer.org into two groups:
the experimental group (EG, N = 20) and the control group (CG, N = 20), shown in Figure 1.
They did not have any mental or physical disorders as recommended by the doctors. They were
not undergoing any other types of obesity treatment either. The obesity of the participants was
determined by a BMI > 95th percentile. The following inclusion and exclusion criteria were adopted
for the present study: 1) Inclusion criteria: i) obese children; ii) sex: male; iii) age range: 10 to 13
years; iv) generally healthy; v) not specially acquainted with any physical training; vi) one parent/
guardian should be present at all nutritional education sessions. 2) Exclusion criteria: i) Chronic
ailments; ii) Major injuries; iii) Taking nutritional supplements, protein supplements, or weight-
control supplements. The non-invasive experimental study was approved by the Departmental
Research Committee, University of Kalyani. The written consent was obtained from the head of
the institution (of participants) as well as from all the participants and their parents prior to the

commencement of the experimentation.
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Figure 1. Study design
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Sample Size Calculation

A priori power analysis was carried out for Analysis of Covariance (ANCOVA) with the help
of G*Power V3.1.9.7 software to determine the minimum sample size for the groups in a given
condition of a = 0.05, power = 0.80, effect size = 0.46, numerator df = 1, and number of groups =
2 that determined a total sample size of forty (N = 40) with denominator df = 37 and the critical

value of F = 4.106. Therefore, in the above condition, twenty participants would be needed in each
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group for the investigation. Based on the above calculations in a priori power analysis for ANCOVA
through G*power V3.1.9.7 software (Faul et al., 2009), the total number of participants was fixed
at forty (N = 40), i.e., twenty subjects in each group (EG = 20, CG = 20) after maintaining the

guidelines of inclusion and exclusion criterion.
Study design

Experimental Protocol

Behavior Modification Training Program: Behavior is the way a human reacts to a particular
stimulus. Therefore, the systematic method of changing behavior is called behavior modification.
Because group programs have been demonstrated to result in more weight loss than individual
therapy, behavior modification programs are typically provided in group settings. A behavior-
modification program was prepared with the help of two co-therapists; one is an exercise
physiologist, and the other is a nutritionist. The 12-week intervention program met five times a
week after school. The behavior-modification programs had two parts: a nutrition education
session that met once per week (Saturday) and physical activity sessions that were available four

days a week (Monday to Thursday).
a. Physical activity session (PAS): The physical activity session (PAS) aims to encourage
participants to enjoy exercising in the presence of their peers. The researchers decided
against emphasizing training volume. Instead of focusing on cardiorespiratory fitness, a
high level of calorie expenditure was the goal. To encourage exercise as a self-reinforcing
behavior, mental health researchers advise overweight and obese people to engage in self-
selected exercise intensity. The physical education lesson was offered once a day, four days
a week (Monday to Thursday), after school (in the afternoon). For 12 weeks, kids in the
experimental group engaged in supervised physical activity sessions that lasted 40 to 65
minutes. The physical activity sessions included warm-up exercises, aerobic exercises,
leisure activities, and cooling-down exercises under the investigator’s supervision. Each
session started with a 10-minute warm-up that included jogging, stretching, rotation at
various joints, including the hip and shoulder joints, walking on heels and toes, forward
and backward bends, sideward stretches, and stretching of the calf and quadriceps muscles.
Runningand walking wereincorporated asaerobic exercisesin the curriculum. Participants
in the experimental group were instructed to walk and run at a low to moderate intensity
(individual capacity was assessed by the investigator) during the aerobics exercise. Initially,
the running and walking started with a duration of five minutes each, and it was gradually
increased every two weeks until the aerobic phase reached its final length of 35 minutes
(4 repetitions of walking and 3 repetitions of running of five minutes each). In order to
refresh the kids and provide them energy for the next day, aerobic exercises were followed
by a 15-minute leisure activity comprised of different recreational activities like modified
football, handball, basketball, tunnel ball relay, under and over relay, and different tag
games. At the end of each session, there were five minutes of cooling-down exercises,
including slow jogging, light stretching, and slow rotational exercises for relaxation and
recovery. All training sessions were carried out at the Ahokenagar Boys School’s sports
field. Children were motivated before the start of each session to give their best efforts.

Specific details of the 12-week physical activity program are given in Figure 2.
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b. Nutrition education session (NES): The nutrition education session (NES) was conducted
over three months, typically from February to May, once a week on Saturdays at 1:30
PM, with the goal of changing the participants” healthy lifestyle. There were twelve classes
in total, with the last five minutes of each lesson being interactive. Each lesson should
run around 30 minutes. The program’s goal was to encourage overweight kids to consider
their food choices and exercise self-control. The primary dietary groups (carbohydrates,
proteins, and fats), the food pyramid, a balanced diet, and the connection between exercise
and health are all introduced to the children. Good nutrition, self-perception, how to avoid
junk food, and advice on how to drink more water are also included in the lessons. This

particular program was conducted by a trained nutritionist.

Figure 2. Physical activity program
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Dependent variables and their measurement procedures

In the present investigation, five HRF components, viz., i) cardiovascular endurance, ii) flexibility,
iii) body composition (BF%), iv) muscular strength, and v) muscular endurance, were considered as
dependent variables.

i) Cardiovascular Endurance:

The 600-yard run/walk test from the AAHPER Youth Fitness Test was used to measure
cardiovascular endurance. The participants were instructed to complete a 600-yard distance
on a level track. They may run or walk, aiming to finish as quickly as possible. Timing began as
participants crossed the start line and continued until they completed the distance and recorded
(second) in stopwatch as a score (Morrow et al., 2009).

ii) Flexibility:

The Modified Sit and Reach Test, part of the Fitnessgram assessment by The Cooper Institute for
Aerobics Research, measures flexibility of the hamstrings and lower back. To perform the test, the
participants were asked to sit on the floor with their legs extended and feet flat against the box or
ruler baseline at 23 cm. One knee was kept slightly bent for comfort. Participants placed one hand
over the other with their palms facing down. They then slowly reached forward along the ruler as
far as they could without bouncing. The farthest reach was recorded in centimeters. The test was
administred twice, and the best score was used for the final measurement (The Cooper Institute,
2017).
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ii1) Body Composition (BF %):

To measure body composition, the Omron Body Fat Analyzer (Model HBF-306) was used. The
researchers entered the height, weight, age, and gender of the participants into the device. The
participants held the analyzer with their arms extended straight out, ensuring it remained parallel

to the floor. This position was maintained until the device provided a reading of body fat percentage
(Hart, 2017).

iv) Muscular Strength

The push-up test in the Cooper Institute for Aerobics Research was used to assess upper-body
muscular strength. The participants assumed a standard push-up position; hands were kept slightly
wider than shoulder-width, with bodies aligned from head to toes. They lowered their body to
a 90-degree elbow angle and then returned to the starting position. The test continued until the
participant either broke form or could no longer match at one push-up every three seconds (The
Cooper Institute, 2017).

v) Muscular Endurance

The curl-up test in the Fitnessgram measured abdominal muscular endurance. Participants were
asked to lay on their backs with knees bent at a 140-degree angle, arms extended at their sides, with
fingers touching a marked line. They lifted their shoulders, sliding fingers forward to a second line,
and then returned to start (one curl-up every three seconds paced the test), which continued until
the participant either reached the maximum number or could not keep pace. The score was the total

correct repetitions (The Cooper Institute, 2017).

Adherence and Adverse events

In the behavior modification program, there were two components, viz., a) the PAS having four
sessions/week for twelve weeks with a total of 48 sessions, and b) the NES having one session/
week with a total of twelve sessions (total no. of sessions = 12). Adherence to the PAS and NES: the
participants of EG participated in 46.75 + 1.16 sessions (97.40%) and 11.65 + 0.59 sessions (97.08%),
respectively. The dropout of the participants was not reported. No adverse events occurred during

or outside of the training sessions.

Statistical analysis

The mean and standard deviation for each data set are represented. Using the test-retest method,
the reliability on pre-test (baseline) data was calculated by the coefficient of correlation. Software
for social science statistics was used to calculate the Kolmogorov-Smirnov test of data normality.
To infer HRF variables from the baseline (pre-test) and post-test data of EG and CG, ANCOVA was
utilized as the essential parametric statistics between the baseline and post-intervention data. At
the p < 0.05 level, statistical inference was drawn. The following equation was applied to determine

how much the HRF variables had changed in percentage:
A% = [(Post-treatment mean — baseline mean) x 100 / baseline mean]

Vassar Stats, a statistical analysis program, carried out the ANCOVA, and an Excel spreadsheet

from Microsoft Office in Windows 10 was used for other calculations.
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RESULTS

In the Table 1, the descriptive statistics of personal data i.e., age (years), height (cm), weight (kg), and
BMI (kg/m?) of the participants belonging to the experimental group and control group have been
presented.

Table 1. Demographic description of the participants of the two groups in pre and post-treatment

condition
Age (years) Height (cm) Weight (kg) BMI (kg/m?)
Name of the Mean = SD Mean.+ SD Mean.+ SD Mean.+ SD

Groups Pre Post Pre Post Post Post
Test Test Test Test Pre Test Test Pre Test Test
EXP(C;:OIL‘;““I 11.92 1215 15673  157.95 61.15 55.38 24.81 24.46

+ + + + + + + +
(EG=20) +1.02 +1.02 +7.27 +7.26 +6.99 +7.08 +1.23 +1.24
Control Group 12.03 12.26 156.84 158.04 60.34 60.92 22.11 24.30
(CG=20) +0.94 +0.94 +7.49 +7.47 +7.52 +7.51 +1.25 +1.21

cm= centimetre, kg= kilogram, kg/m? = kilogram/meter?, SD= Standard Deviation, EG= Experimental Group,

CG = Control Group, BMI = Body Mass Index

In Table 2 the mean values with standard deviations of five health-related fitness variables
in the pre-test, post-test, and percentage of change (A %) of each variable between pre and post-

intervention for the experimental group and control group have been presented.

Table 2. Mean, SD, and Percentage of change (A%) in the HRF variables for experimental group and

control group
Experimental Group (EG) Control Group (CG)
Name of the
. Pre Test Post Test Pre Test Post Test
Variables A% A%
Mean £SD  Mean £SD Mean £SD  Mean £SD
Cardiovascular
211.75 +12.65 186.85 £12.87 11.76 211.55 +11.61  211.95 +£11.52 0.19
endurance (s)
Flexibility (cm) 21.30 £3.59 27.05 £3.98 27.00 20.95+3.04 21.15+2.85 0.95
Body
Composition 28.37 £2.32 26.44 +£2.22 6.80 28.24+2.44 28.59 +£2.45 1.24
(body fat %)
Muscular
4.05+2.26 8.25+2.25 103.70 4.25+2.34 4.65+2.16 9.41
Strength (No.)
Muscular
7.45 £1.97 13.70 £2.06 83.89 8.35+2.68 8.85+2.30 5.99
Endurance (No.)

A % = Percentage of change between pre and post-intervention, SD= Standard Deviation, EG= Experimental Group,

CG = Control Group, s= second, cm= centimetre, No. = Number

To observe the effects of the 12-week intervention program on obese school boys, the ANCOVA
was executed. In Table 3, the adjusted post-test mean values for both EG and CG and the respective
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F-values for five HRF components with the respective SS, df, MS, and p-values have been presented.
From this table, the F-values in the adjusted post-test condition for all the five HRF variables were
found significant at df(1,37) and p < 0.00001 and confirmed that the behavior modification program
as adopted by the researchers in this study was highly effective for obese children to develop their
HREF.

Table 3. Analysis of Covariance (ANCOVA) of the HRF variables for experimental group and control
group

Adjusted post-test

Name of the Source of ‘¥
Variabl Mean . SS df MS p-value
ariables variance
EG CcG Value
Cardiovascular Between 6394.43 1 6394.43
186.76 212.04 330.98* 0.00001
endurance (s) Within 714.82 37 19.319
Between 310.86 1 310.86
Flexibility (cm) 26.892 21.308 103.55* 0.00001
Within 111.08 37 3.002
Body Between 51.71 1 51.71
o 26.378 28.652 219.37* 0.00001
Composition (%) Within 8.72 37 0.236
Muscular BetWeen 141.76 1 14176
08.335 04.566 127.47* 0.00001
Strength (No.) Within 41.15 37 1.112
Muscular Between 296.78 1 296.78
14.051 08.500 209.49* 0.00001
Endurance (No.) Within 52.42 37 1.417

EG = Experimental Group; CG = Control Group; SS=Sum of square; df= Degrees of freedom; MS=Mean squares, the
table values required for significance at 0.05 level with df (1, 37) = 4.11 and * indicates F-value is significant at 0.05

levels, s= second, cm= centimetre, %BF= Percentage of body fat, No. = Number

DISCUSSION

The present study was designed to examine the effect of a behavior modification program on health-
related fitness (HRF) variables in obese schoolboys. After 12 weeks of intervention, the experimental
group (EG) demonstrated marked improvements across all HRF components: cardiovascular
endurance (11.76%), flexibility (27.0%), body composition (6.80%), muscular strength (103.70%), and
muscular endurance (83.89%). By contrast, the control group (CG) showed only marginal changes
in the same variables. These findings clearly indicate that the behavior modification program had a
significant and positive impact on the overall fitness profile of obese children, thereby supporting
the study’s hypothesis and aligning with previous research.

The superior outcomes observed in the EG may be attributed to their participation in structured
physical activity sessions (PAS) combined with nutrition education sessions (NES). This dual
approach likely fostered healthier behavior, higher intrinsic motivation, and greater adherence
throughout the intervention period. Moreover, the researchers minimized the influence of extrinsic
factors by instructing EG participants and their parents to avoid other structured exercise programs

and unhealthy dietary practices. Such control measures enhanced the validity of the observed
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outcomes, ensuring that the improvements in HRF components could be attributed primarily to the
intervention program. Importantly, this study highlights the potential of the intervention protocol
as a low-cost, non-invasive, and scalable approach to managing childhood obesity, particularly in
resource-constrained settings such as India.

Cardiovascular endurance improved significantly in the EG compared to the CG (A% = 11.76 vs.
0.19; F = 330.98, p < 0.00001). This improvement is consistent with prior studies that demonstrated
the efficacy of exercise-based interventions in enhancing aerobic capacity in children (Kovécs et
al., 2009; Oztiirk et al., 2013; Peralta et al., 2009; Saygin, 2011; Sinku, 2012; Zahner et al., 2006).
Enhanced cardiovascular endurance not only enables children to perform physical activities with
greater efficiency but also lowers long-term risks of metabolic and cardiovascular diseases. Previous
school-based interventions have shown that structured aerobic activities substantially increase
endurance capacity in overweight and obese children (Zahner et al., 2006). The present findings
are consistent with these studies, confirming that incorporating regular physical activity alongside
nutrition education produces measurable gains in cardiovascular endurance among obese youth.

A significant improvement in flexibility was also recorded in the EG (A% = 27.00 vs. 0.95;
F = 103.55, p < 0.00001). Similar results have been reported by Artero et al. (2009), Oztiirk et al.
(2013), Saygin (2011), Sinku (2012), suggesting that structured exercise programs, particularly those
involving stretching and movement-based activities, effectively enhance musculoskeletal flexibility
in obese children.

The intervention also had a notable effect on body composition, with the EG showing a
reduction in body fat percentage (A% = 6.80 vs. —1.24; F = 219.37, p < 0.00001). This reduction can
be attributed to increased energy expenditure from regular exercise and improved dietary habits
fostered by nutrition education. Concurrently, lean body mass increased, reflecting gains in muscle
and connective tissues. These findings are in agreement with earlier studies demonstrating that
combined exercise and dietary education interventions significantly reduce adiposity in obese
children (Danielsen et al., 2013; Kalarchian et al., 2009; Nemet et al., 2005; Wattanakorn et al,,
2013).

The greatest percentage change was observed in muscular strength, which improved dramatically
in the EG (A% = 103.70 vs. 9.41; F = 127.47, p < 0.00001). Participation in resistance and strength-
oriented activities likely enhanced muscle mass, blood supply, anaerobic capacity, and motor nerve
activity, leading to this improvement. These results are consistent with prior findings (Artero et al.,
2009; Nemet et al., 2005; Oztiirk et al., 2013; Saygin, 2011; Sinku, 2012).

Similarly, muscular endurance improved significantly in the EG (A% = 83.89 vs. 5.99; F = 209.49,
p < 0.00001). The outcomes are comparable to earlier reports by Nemet et al. (2005), Oztiirk et
al. (2013), Saygin (2011), Sinku (2012), confirming the beneficial role of present interventions in
improving the ability to sustain prolonged physical activity.

Taken together, the results demonstrate that a structured, multi-component behavior
modification program integrating physical activity and nutrition education can produce
significant improvements in all five HRF components in obese schoolboys. Unlike conventional
approaches focused solely on weight reduction, this intervention emphasized comprehensive

fitness outcomes, thereby addressing both immediate and long-term health risks. The findings
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reinforce the importance of early lifestyle-based interventions in combating childhood obesity
and provide strong evidence for implementing similar programs in school settings across India

and other developing nations.

LIMITATIONS AND PRACTICAL IMPLICATIONS

Though the study reveals promising outcomes, it is not without limitations. The sample size was
limited to a small boys’ group of low to middle socioeconomic backgrounds. Further, dietary
intake and physical activity outside the supervised sessions were largely self-reported, which
may introduce bias despite parental guidance and monitoring. Finally, the investigation did not
focus on the physiological changes that might have resulted due to the intervention in body mass
reduction.

Despite its limitations, the present study provides a timely investigation into a highly relevant
public health concern among Indian children. In the Indian context, where most schools
allocate minimal time for physical activity and awareness programs on lifestyle and behavior
modification are largely neglected, such an intervention holds particular importance. From a
practical standpoint, the program implemented in this study demonstrates strong potential as
a non-invasive, cost-effective, and time-efficient strategy for addressing childhood obesity. The
intervention encompassed multiple components, including nutrition education, dietary habit
modification, parental involvement, and structured physical activity performed at least four
times per week. The results highlight the significance of such interventions for policymakers,
school administrators, and their potential integration into school curricula. Furthermore, the
findings provide valuable insights for fitness experts, nutritionists, healthcare professionals,
physical education teachers, and parents, emphasizing the need to combine behavior modification
sessions with physical activity in children’s routines. By adopting this holistic yet feasible
approach, stakeholders can play a pivotal role in promoting healthier lifestyles and preventing

the progression of obesity among schoolchildren.

CONCLUSION

The behavior modification program implemented in the present study proved to be highly effective
in improving all health-related fitness (HRF) components, including cardiovascular endurance,
flexibility, body composition, muscular strength, and muscular endurance among obese schoolboys.
Schools are undoubtedly an appropriate setting for physical activity and dietary education. Based
on the findings, it can be concluded that schools provide a conducive environment for implementing
physical activity—oriented behavior modification interventions aimed at managing and controlling
childhood obesity. Moreover, the outcomes of this study carry important implications for
policymakers, school administrators, and curriculum designers in integrating such programs into
the school curriculum. Finally, the active participation and awareness of parents remain crucial for

ensuring the long-term success and sustainability of these interventions.
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