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Abstract:  
Background: Obesity is a significant health problem, with increasing involvement of young population 
worldwide. The risk of being overweight and obese in adolescence begins with what a child is fed on during 
childhood and the physical activity they do.  
Aim & Objective: To evaluate the effectiveness of structured diet and physical activity interventions on weight 
reduction and lipid profile in obese school-aged adolescents.  
Materials and Methods: A total of 120 children and adolescents were recruited for a study conducted at their 
school between March 2022 and October 2024. All 120 participants were classified as either overweight or 
obese. Among them, 70 overweight children and adolescents (29 males and 41 females) with a mean age of 12.6 
± 3.7 years (ranging from 6 to 18 years) enrolled in the first stage of the program. Out of these, 55 completed the 
first stage and were assessed after four weeks. Subsequently, 30 participants continued to the second stage and 
were evaluated after 12 weeks, while 20 participants completed the third stage, with an assessment conducted at 
20 weeks.  
Results: The baseline characteristics of the 70 participating children and adolescents 57 (84%) were classified 
as obese, 13 (16%) as overweight, and 22 had a BMI z-score above 3 standard deviations, indicating severe 
obesity. 48% of participants had elevated triglyceride (TG) levels. The mean percentiles for flexibility and 
muscle strength among all participants were 51.0 ± 30.5 and 49.6 ± 33.1, respectively, indicating values close to 
the median of the normative range.  
Conclusion: This study provides evidence that Structured Diet and Physical Activity Interventions programmes 
can be successful in promoting healthy behaviour increasing habitual physical activity and diet. Elevated PA at 
school has a positive effect on the BMI and body composition of children who are overweight or obese 
Keywords: Obesity, Lipid Profile, Physical Activity Interventions, Structured Diet, Adolescents, BMI. 
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Introduction 

Adolescents as a vulnerable group require special 
attention and nutritional care because of the 
negative nutritional consequences that may occur 
among them as a result of inadequate consumption 
of healthy foods and physical inactivity. 
Overweight and obesity in childhood and in 
adolescents are emerging as one of the major public 
health of concern in the last few decades. 
Overweight and obesity conditions develop when 
there is an imbalance between calories consumed 
and calories expended mostly due to inadequate 
consumption of healthy foods and physical 
inactivity that cut-across all age groupings. It is 

known to be associated with substantial loss of 
quality of life and social stigmatization that may 
trigger depression, anxiety, low self-esteem, 
feelings of guilt and chronic diseases development 
in the crop of individuals that may constitute a 
higher percentage of the world labour force in few 
years to come. [1] The risk of being overweight and 
obese in adolescence begins with what a child is 
fed on during childhood. The foods children are fed 
on have been attributed to the nature and the risk of 
diseases in adult life which could manifest in 
different diseases conditions such as coronary heart 
diseases, type 2 diabetes, stroke, and certain forms 
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of cancer, hypertension and mental disorders. 
Snacking and fast food consumption have being 
identified as a contributory factor to the 
development of childhood overweight and obesity 
in Nigeria[1] Physical activity (PA) has been 
defined as any bodily movement produced by 
skeletal muscles that requires energy expenditure 
(WHO, 2014). Physical inactivity is the 4th leading 
factor of global mortality and increasing physical 
inactivity has been seen worldwide with 1 in 3 
adults not being so active which prompted the 
WHO member states in 2013 to agree to reduce 
physical inactivity by 10% by 2025. Childhood is a 
crucial time to learn basic life skills on sufficient 
levels of physical activity in order to attain healthy 
body weight considering high prevalence of 
physical inactivity among the school aged 
adolescent.[2] Low-levels of physical activity and 
physical fitness are considered powerful predictors 
of detrimental health outcomes, such as all-cause 
mortality, cardio-vascular disease events and 
cancer events[3,4] It is known that children and 
adolescents meeting recommended levels of 
physical activity (at least 60 minutes of moderate-
to-vigorous intensity physical activity on a daily 
basis) have multiple health benefits.[5] In spite of 
this evidence, a significant number of young people 
do not accomplish this recommendation, as it was 
recently observed in Spanish and European 
adolescents.[6] 

Materials and Methods 

A total of 120 children and adolescents were 
recruited for a study conducted at the schools of 
Mathura District of Uttar Pradesh between March 
2022 and October 2024. The recruitment process 
involved visiting the school, performing 
anthropometric measurements, and selecting 
participants who met the inclusion and exclusion 
criteria. All eligible participants and their parents 
were contacted, and detailed information about the 
lifestyle modification program was provided. All 
120 participants were classified as either 
overweight or obese. Among them, 70 overweight 
children and adolescents (29 males and 41 females) 
with a mean age of 12.6 ± 3.7 years (ranging from 
6 to 18 years) enrolled in the first stage of the 
program. Out of these, 55 completed the first stage 
and were assessed after four weeks. Subsequently, 
30 participants continued to the second stage and 
were evaluated after 12 weeks, while 20 
participants completed the third stage, with an 
assessment conducted at 20 weeks. Written 
informed consent was obtained from all 
participants and their parents before the study 
began. 

Three stages of the program: Stage one: The first 
four weeks consisted of knowledge building. The 
main goal was to quickly help participants and 
parents understand the causes and effects of obesity 

and obtain relevant knowledge about nutrition and 
daily activity requirements conducive to a healthy 
lifestyle by oral introduction and an instruction 
manual. 2) Stage two: Weeks 5-12 consisted of 
habit consolidation. Participants recorded their diet 
and activity arrangements daily and established 
more structured goals with the team. They 
gradually reached the set amount of activity and 
started to engage in sports, such as jogging and 
skipping rope, during this period. 3) Stage three: 
Weeks 13-20 consisted of self-monitoring. 
Nutrition and physical exercise education was 
reduced from twice a month to once a month. 
Keeping patients in an active intervention twice a 
month is most effective in promoting weight loss. 
However, extended programs were not easily 
accepted by all patients in this area due to long 
school hours and academic activities. We aimed to 
train participants to self-monitor weight, daily 
activity, and diet every day. This stage focused on 
requiring the participants to continuously increase 
their daily activity and reduce sugar and fat intake 
without professional supervision. 

In this study, we present the results of this program 
in terms of body weight, height, BMI 
measurements and performance of physical 
activities. We measured participants’ bodies at 
every visit, including height, weight, and 
circumferences of the thorax, waist, and hip. BMI 
(kg/m2) was calculated as the weight in kilograms 
divided by the square of the height in meters. To 
compare BMI among different ages and sexes, the 
BMI z-score was transformed from the Growth 
Reference of the World Health Organization 
(WHO). 

Degree of fatty liver was graded as score 0 to 9 
according to ultrasonic appearance of liver 
echotexture, liver-diaphragm differentiation in echo 
amplitude, hepatic echo penetration and clarity of 
hepatic blood vessels. Serum biochemistry, 
including total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), triglycerides 
(TG), and alanine aminotransferase (ALT) were 
assessed. 

Physical fitness was assessed by body composition, 
cardiopulmonary endurance, muscle strength and 
endurance, explosive power, and flexibility. For the 
evaluation of cardiopulmonary endurance, 800-m 
run and 6-min walking tests were performed. For 
the evaluation of muscle strength and endurance, 1-
min sit-up performance was used. The standing 
long jump was used to measure explosive power. 
For the evaluation of flexibility, the sit-and reach 
test was used to measure tightness in the lower 
back and hamstring muscles. 

Observations: The baseline characteristics of the 
70 participating children and adolescents, 57 (84%) 
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were classified as obese, 13 (16%) as overweight, 
and 22 had a BMI z-score above 3 standard 
deviations, indicating severe obesity (defined as 
BMI greater than 120% of the 95th percentile for 

age and sex). The height z-scores of the 
participants were consistent with percentiles 
ranging from the 85th to 97th and were comparable 
across both children and adolescents.

  
Table 1: Distribution of study subjects as per BMI classifications 

Classification Frequency (n) Percentage (%) 
Obese 57 84 
Overweight 13 16 
Total 70 100 
 

 
Figure 1: Distribution of study subjects as per BMI classification 

 
Serum biochemistry analysis revealed that 48% of 
participants had elevated triglyceride (TG) levels 
(>170 mg/dL), 44% had elevated low-density 
lipoprotein cholesterol (LDL-C) levels (>110 
mg/dL), and 64% had elevated TG levels based on 
age-specific cut-offs (children 0–9 years: >75 
mg/dL; adolescents 10–19 years: >90 mg/dL). 
Additionally, 19% of the participants had elevated 

alanine aminotransferase (ALT) levels (>40 U/L), 
while 32% showed low levels of high-density 
lipoprotein cholesterol (HDL-C) (<45 mg/dL).  
 
Six participants were diagnosed with dyslipidemia, 
characterized by mild elevations in total cholesterol 
(TC) and LDL-C levels, moderate-to-severe 
elevations in TG levels, and low HDL-C levels. 

 

 
Figure 2: Serum biochemistry findings of the study subjects 
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The mean percentiles for flexibility and muscle 
strength among all participants were 51.0 ± 30.5 
and 49.6 ± 33.1, respectively. However, the mean 
percentiles for cardiopulmonary function (4.5 ± 
8.7) and explosive power (22.2 ± 22.2) were 
notably below the norm. 

Significant reductions in body weight, BMI, BMI 
z-score, waist circumference, waist-to-hip ratio, 
and waist-to-height ratio were observed by the end 
of the first stage (4 weeks) and second stage (12 

weeks). By the third stage (20 weeks), BMI, BMI 
z-score, waist circumference, waist-to-hip ratio, 
and waist-to-height ratio showed continued 
significant reductions.  

For the 15 participants who completed all three 
stages, mean body weight decreased consistently 
from weeks 0 to 12 but showed a slight increase 
from weeks 12 to 20. However, BMI and BMI z-
scores demonstrated continuous reductions 
throughout the 20 weeks. 

 

 
Figure 3: Changes in the different variables of the study subjects as per time 

 
Although there was no significant change in mean 
plasma lipid profiles between the second and third 
stages (mean assessment interval: 23.3 ± 8.1 
weeks), triglyceride levels significantly decreased 
in 25 participants whose baseline levels exceeded 
the reference value. These levels dropped from 
157.3 ± 95.0 mg/dL to 115.1 ± 40.6 mg/dL (P = 
0.047). Physical fitness performance showed 
marked improvements. By week 4, significant 
progress was noted in three of the five assessed 
items, and by week 12, four items showed 
significant improvement. The 1-minute sit-up test 
improved significantly across all stages (4 to 12 
weeks and 12 to 20 weeks). Flexibility and 800-
meter run performance improved significantly at 
weeks 4 and 12 but plateaued by week 20. No 
significant changes were observed in the 6-minute 
walking test. Overall, the most substantial progress 
occurred within the first two stages, with 
significant improvements in four of five fitness 
items by week 12.  

From the second to the third stage, the frequency of 
visits decreased, and the focus shifted from 
consolidating habits to self-monitoring. A 

comparison of the effectiveness between these two 
stages revealed that significant reductions in BMI, 
BMI z-score, waist circumference, waist-to-hip 
ratio, and waist-to-height ratio occurred between 
weeks 4 and 12. However, for those who completed 
both stages, there were no further changes in these 
parameters from weeks 12 to 20 

Follow-up data on weight and height were 
available for 81% (35 out of 43) of the subjects 
who completed the program, including 28, 16, and 
10 participants from the first, second, and third 
stages, respectively. The follow-up was conducted 
at an average interval of 24.2 ± 12.3 weeks after 
their last visit. The lifestyle modification program 
effectively controlled weight gain, with participants 
recording a mean weight increase of only 1.9 ± 2.8 
kg over six months. The BMI z-score for the 35 
participants continued to decrease significantly 
during this period (2.75 ± 0.84 vs. 2.56 ± 0.78, P = 
0.011). Among adolescents, body weight, BMI, and 
BMI z-score were maintained. In children, the BMI 
z-score decreased significantly, with an average 
reduction of 0.31 ± 0.46 (P = 0.006). 
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Figure 4: Changes in waist to hip and waist to height ratio over time 

 
Table 2: Variations of the different physical fitness test over time 

Variable Baseline 
Mean ± SD 

4 Weeks 
Mean ± SD 

12 Weeks 
Mean ± SD 

20 Weeks 
Mean ± SD 

P-Value 

Sit and Reach Test (cm) 27.5 ± 9.8 30.8 ± 9.8 26.0 ± 8.7 28.7 ± 7.1  0.127 
One-minute Sit-ups (times) 25.1 ± 11.3 29.6 ± 10.5 33.9 ± 10.7 34.9 ± 12.7  0.002 
800 m Run (s) 475.1 ± 107.8 452.4 ± 78.5 434.8 ± 77.4 481.3 ± 100.6  0.052 
Six-minute Walking Test (m) 536.7 ± 94.1 544.3 ± 81.8 548.7 ± 87.9 527.4 ± 98.3  0.633 
Standing Long Jump (cm) 114.2 ± 32.8 117.9 ± 31.3 103.1 ± 31.9 99.2 ± 33.1 113.4 ± 

35.4 0.027 
 
Discussion  

Overweight and obesity among school-aged 
children have become significant public health 
concerns. The health effects of obesity in children 
may be much more serious than in people who gain 
excess body weight in adulthood 
[7,8]Unfortunately, in many countries, there is a 
lack of epidemiological knowledge of and control 
over the phenomenon of excess body weight that 
would allow for the monitoring of the trend and 
reacting quickly.  

Increasing physical activity and limiting sedentary 
habits, as well as eating well, are essential for 
battling excess weight and corpulence in children 
and adolescents. Obesity is a significant factor 
influencing anthropometric measurements and 
body composition. 

In our study we observed that among 70 
participating children and adolescents, 57 (84%) 
were classified as obese, 13 (16%) as overweight, 
and 22 had a BMI z-score above 3 standard 
deviations, indicating severe obesity. A high 
prevalence of 25%(overweight) & 7%(obesity) was 
reported by Kapil et al [9]. Sony Jagadesan et al 
[10] and Khadilkar et al [11] in Chennai also found 
very high prevalence of 18.1% (overweight )and 
21.2% (obesity) respectively. Various studies from 

South India [12,13]revealed that the prevalence 
ranging between 11% -25% higher than the 
prevalence of present study. In contrast to our 
study, lower prevalence was reported by Ambili 
Remesh [14] et al who indicated that prevalence of 
overweight / obesity to be 8.75% and 4.82% 
respectively and Goyal et al[15] in surat city 
reported the prevalence of overweight and obesity 
was found to be 6.55% and 13.9%. Anita rani et al 
[16] in their study revealed a significant association 
between age group and obesity.  

Serum biochemistry analysis revealed that 48% of 
participants had elevated triglyceride (TG) levels, 
44% had elevated low-density lipoprotein 
cholesterol (LDL-C) levels, and 64% had elevated 
TG levels. Additionally, 19% of the participants 
had elevated alanine aminotransferase (ALT) 
levels, while 32% showed low levels of high-
density lipoprotein cholesterol (HDL-C). Six 
participants were diagnosed with dyslipidemia, 
characterized by mild elevations in total cholesterol 
(TC) and LDL-C levels, moderate-to-severe 
elevations in TG levels, and low HDL-C levels. . 
Cai et al. [17] demonstrated that childhood obesity 
prevention programmes had a significant desirable 
effect on LDLc and HDLc, but only 15% of 
interventions improved other lipids outcomes and 
55% had no significant effects. Also, A previous 
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study observed similar findings to that improved 
lipid profile of children [18]. These findings 
suggest that NEI (nutrition education intervention ) 
implemented at relatively short duration (1 hour per 
week for 6 weeks) could have positive effects on 
the lipid profile, knowledge and attitude of school 
children. Although in our study there was no 
significant change in mean plasma lipid profiles 
between the second and third stages (mean 
assessment interval: 23.3 ± 8.1 weeks), triglyceride 
levels significantly decreased in 25 participants 
whose baseline levels exceeded the reference value. 

The World Health Organization (WHO) has 
recommended moderate to vigorous physical 
activity practice for children and adolescents daily 
in order to reduce sedentary lifestyles. The physical 
activity also reduces symptoms of anxiety and 
depression, build self-confidence and develop 
neuromuscular awareness (coordination and 
movement control) of adolescents and maintain 
healthy body weight among them.The mean 
percentiles for flexibility and muscle strength 
among all participants in our study were 51.0 ± 
30.5 and 49.6 ± 33.1, respectively. However, the 
mean percentiles for cardiopulmonary function (4.5 
± 8.7) and explosive power (22.2 ± 22.2) were 
notably below the norm, highlighting the need for 
improvement in these areas. We observed that 
significant reductions in body weight, BMI, BMI z-
score, waist circumference, waist-to-hip ratio, and 
waist-to-height ratio were observed by the end of 
the first stage (4 weeks) and second stage (12 
weeks). By the third stage (20 weeks), BMI, BMI 
z-score, waist circumference, waist-to-hip ratio, 
and waist-to-height ratio showed continued 
significant reductions. Both Seema jain et al[19] 
and Avula Laxmaiah et al [13] found that physical 
in activity was significantly associated with 
overweight / obesity. Similarly Krutarth et al [20] 
revealed that low level of physical activity was 
significantly associated with overweight / obesity.  

In the present study, for the 15 participants who 
completed all three stages, mean body weight 
decreased consistently from weeks 0 to 12 but 
showed a slight increase from weeks 12 to 20. 
However, BMI and BMI z-scores demonstrated 
continuous reductions throughout the 20 weeks.  

A study by Eliakem et al.[21]reported a significant 
decrease in body weight and BMI following a 3 
months dietary-behavioural-exercise intervention. 
Their results further showed that obese children 
who continued the intervention programme for 6 
months maintained a decrease in BMI while those 
who did not participate gained weight and 
increased BMI. It could therefore be deduced from 
this study that the duration of an intervention of 
this sort may influence anthropometric variables. 
Factors like changes in the physical environment 
and accessibility to healthy foods are necessary to 

promoting positive behavioral and nutritional 
outcomes in children. This has been emphasized by 
researches that have shown that limited food 
availability and accessibility by children is a major 
setback to achieving a healthy dietary habit 
regardless of adequate nutrition awareness, 
knowledge and positive attitude towards healthy 
nutrition. [22,23] 

Follow-up data on weight and height were 
available in our study for 81% (35 out of 43) of the 
subjects who completed the program, including 28, 
16, and 10 participants from the first, second, and 
third stages, respectively. The follow-up was 
conducted at an average interval of 24.2 ± 12.3 
weeks after their last visit. The lifestyle 
modification program effectively controlled weight 
gain, with participants recording a mean weight 
increase of only 1.9 ± 2.8 kg over six months. The 
BMI z-score for the 35 participants continued to 
decrease significantly during this period (2.75 ± 
0.84 vs. 2.56 ± 0.78, P = 0.011). Among 
adolescents, body weight, BMI, and BMI z-score 
were maintained. In children, the BMI z-score 
decreased significantly, with an average reduction 
of 0.31 ± 0.46. Brueming et al.,[24] reported that 
relationship exists on the eating behaviour of 
adolescent and the relationship was significant 
(p=0.038).  

However, the finding agrees with the finding of 
similar study carried out by [25] on relationship 
between self-reported dietary intakes and measured 
physical activity among male students in Saudi 
Arabia. Alkahatani et al., [25] reported that 
relationship exist between physical activity level 
and BMI of the students, and the relationship was 
significant (p=0.048). The findings on relationships 
between food consumption and physical activity 
and BMI for age of participants in this study clearly 
illustrates that food consumption pattern and 
physical activity have influence on the participants 
overweight and obesity status. 

Conclusion: 

The present study showed that participants who 
completed all three stages mean body weight 
decreased consistently from weeks 0 to 12 but 
showed a slight increase from weeks 12 to 20. 
School and community‐based physical activity 
interventions as part of an obesity prevention or 
treatment programme can benefit executive 
functions of children with obesity or overweight 
specifically. Similarly, school‐based dietary 
interventions may benefit general school 
achievement in children with obesity.  

These findings might assist health and education 
practitioners to make decisions related to 
promoting physical activity and healthy eating in 
schools. Future obesity treatment and prevention 
studies in clinical, school and community settings 
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should consider assessing academic and cognitive 
as well as physical outcomes. 
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