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Abstract— Addressing a gap in existing research, this study investigates the correlation between socioeconomic status and body mass
index among 8-to-12-year-old in Multan, Pakistan. It offers insights into obesity trends in a developing country context, highlighting eco-
nomic disparities' role in childhood obesity. This cross-sectional study, a component of the PAK-IPPL project focusing on Multan, was
conducted during the 2020-2021 academic year across higher secondary schools in Multan division. We employed stratified random
sampling for participant selection. Using Cochran's formula, the sample size was calculated to be 1360 across three divisions, with 455
participants specifically from Multan. Anthropometric data were collected to calculate body mass index, and analysis was performed us-
ing IBM SPSS 22, encompassing descriptive statistics, Independent samples t-tests, chi-squared tests, ANOVA, and Tukey's HSD test. The
study revealed no significant gender differences in age, height, body weight, and body mass index among the children. However, boys
showed significantly higher waist circumferences than girls (60.29 + 9.55 cm vs. 57.38 + 8.03 cm, p < 0.05). SES was found to significantly
influence body weight and Body Mass Index, with higher SES linked to increased values. Notably, children from higher SES backgrounds
had an average weight of 35.31 kg (+ 8.84) and BMI of 18.06 kg/m? (+ 3.80). The combined effect of SES, gender, and age accounted for
approximately 14% of the variance in childhood obesity. Positive correlations were observed between body mass index and weight, and
waist circumference, varying according to SES and weight categories. The study highlights a significant correlation between higher SES
and increased body weight and BMI, underscoring the importance of socioeconomic factors in understanding and combating childhood
obesity. These findings call for targeted public health initiatives that account for socioeconomic and demographic factors. The insights
provided are valuable for future research and interventions aimed at reducing obesity in children.
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Introduction

Childhood obesity is a critical public health issue, increasingly recognized for its complex relationship with socioeconomic factors. Al-
though Body Mass Index (BMI) is a widely accepted measure for assessing obesity in children, its application and relevance across differ-
ent socioeconomic backgrounds, particularly in developing countries like Pakistan, have not been thoroughly examined. This oversight
presents a significant theoretical gap, as understanding the socioeconomic dimensions of health is crucial for effective public health inter-
ventions (Broyles et al.,, 2015). The measurement of BMI in children has become a standard tool for assessing obesity, but its application in
diverse socioeconomic contexts, particularly in developing countries like Pakistan, remains understudied (Liu et al., 2023). This research
aims to bridge this gap by for the first time assessing the BMI of 8-to-12-year-old school children in Multan, Pakistan, and analyzing how
Socioeconomic status (SES) influences these measurements.

The global relevance of BMI assessment in children is well-documented, highlighting its importance as a public health indicator
(Williams et al., 2015). BMI is a simple yet effective tool for screening obesity in children and adults, allowing for the classification of
individuals into categories such as obese or overweight. These classifications are crucial as they correlate with risks for chronic diseases
like hypertension, diabetes, and cardiovascular issues (Williams et al., 2015). However, the application of BMI as an obesity classification
tool has its limitations, particularly in failing to identify children and adolescents with elevated cardiometabolic risks due to increased
adiposity. This issue becomes even more complex when considering the influence of socioeconomic factors on children's health outcomes
(Cameron et al,, 2015). Socioeconomic status is known to impact health significantly, with lower SES often correlating with higher risks
of obesity and related health issues.

In Pakistan, and specifically in the context of Multan, there is a lack of comprehensive data concerning the relationship between BM],
obesity, and socioeconomic status among school-aged children (Hamdani et al.,, 2022; Liu et al,, 2023; Raza et al.,, 2022). This gap in
research is particularly evident in the stratification of BMI assessments by socioeconomic factors, which is essential for understanding
and addressing the multifaceted nature of childhood obesity in the region (Hamdani et al., 2021). Therefore, this study assess BMI among
8-to-12-year-old school students in Multan, stratified by their socioeconomic status. By doing so, it seeks to contribute valuable insights
into how socioeconomic factors influence childhood obesity in this demographic and geographic context. This research not only aims to
fill the existing gap in literature but also to inform public health policies and educational strategies that are sensitive to the socioeconomic
dimensions of childhood obesity.

Methods

Study design and sampling

This research is a part of the Pakistan Initiative to Promote Physical Literacy (PAK-IPPL) study, which employs a cross-sectional approach
(Liu et al., 2023). Focusing specifically on Multan, this analysis is part of a broader investigation across three key regions in South Punjab
identified for the PAK-IPPL study: Multan, Bahawalpur, and Dera Ghazi Khan (Liu et al,, 2023). Multan was selected for its demographic
diversity and strategic importance in the province, with a population characterized by a high influx of migrants attracted by its healthcare,
educational, and employment opportunities. This demographic profile makes Multan an ideal representative sample of the broader South
Punjab region.

The sample size for Multan, integral to the overall PAK-IPPL sample, was determined using Cochran’s formula: n=((Z)? PQ)/e®xD,
This formula, extensively used in determining sample sizes (Suresh et al,, 2012; William, 1977), incorporates the following elements:

Z: Standard normal deviation at a 5% significance level (1.96).
P: Expected proportion (0.234).
Q:1-P(0.77).
e: Desired precision level (0.05).
D: Design effect (5).

This calculation resulted in:
(1.96)%(0.234)(0.77)
= 5 = 1359.8 =~ 1360,
" (0.05)2 X

with 455 participants from Multan.

A total of 29 higher secondary schools in Multan were selected through Stratified Random Sampling (SRS) for the study by provided
list of Punjab education department. The selection of schools was based on diverse criteria to ensure a representative sample of the city's
socioeconomic landscape. The analysis in this study primarily involved secondary data derived from the PAK-IPPL study, with a particular
focus on the data subset from Multan.
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Ethical consideration

Ethical approval was secured from the Shanxi University School of Physical Education, China (SXULL2019012), adhering to the Declaration
of Helsinki. Additional permissions were obtained from the South Punjab Education Department (Letter No: 2189/GB), ensuring compli-
ance with local laws and norms. The study strictly followed cultural protocols, including gender-specific guidelines for study assistants
and prohibiting visual recordings.

Procedures and measures

This study was conducted during the academic year 2020-2021. This study used questionnaires and other assessment methods to collect
information on demographic and anthropometric variables.

Demographics and anthropometrics

The student’s age and birth year were obtained from the school record. Height was measured using a Digital Electronic Height-Weight
Measurement Scale. Students were instructed to maintain a straight posture while standing barefoot against a level surface with their
backs against the wall. Weight was measured in Kilograms (kg) using the same electronic scale, calibrated for accuracy. Participants
removed shoes, excess clothing, and accessories. The weight reading, precise to 0.1 kg, was recorded when stable for three seconds. Body
Mass Index (BMI) was calculated using the CDC-endorsed standard formula:
W(k

BMI = T(n(f))
for BMI calculation and assessment (Hamdani et al., 2023; Prevention, 2023). The CDC percentile classifications were used to classify
weight statuses. The waist circumference was measured using a standard tape roughly 1 centimeter above the navel, with measurements
recorded in centimeters to one decimal place. Using standard tape, hip circumference was measured at the broadest part over the buttocks
(Dalton et al,, 2003; Hamdani et al., 2022).

Statistical analysis

The study employed IBM SPSS version 22 for data analysis. Descriptive statistics, including means, standard deviations, and percent-
ages, were calculated to characterize the variables. Outliers, identified using z-scores with a threshold of 5, were adjusted to maintain
the integrity of the results while preserving the sample size of 1,360 children. The normality of data was assessed using Q-Q plots and
histograms. Differences in various factors by gender were examined using Independent Samples t-tests. Categorical differences among
weight groups were analyzed using Chi-squared tests. To investigate the influence of SES on childhood obesity, particularly in terms of
variations in weight and BMI across different SES categories, ANOVA and Tukey's Honestly Significant Difference (HSD) tests were con-
ducted. Statistical significance was set at a p-value of less than 0.05.

Results

Table 1 provides age and gender-specific descriptive characteristics of the participants, categorized by gender: boys (n = 675) and girls
(n = 685). Both groups had similar mean ages, with boys averaging 10.00 + 1.417 years and girls 9.98 + 1.417 years, a difference that
was not statistically significant (p = 0.896). This age parity is critical as it minimizes potential confounding effects due to age-related
growth patterns and body composition differences. Height measurements showed boys with a slightly higher mean height (139.24 *
13.02 m) than girls (138.79 + 11.39 m), yet this difference was not statistically significant (p = 0.696). Similarly, body weight comparisons
revealed negligible differences between boys (30.80 + 9.20 kg) and girls (30.75 + 8.08 kg), as indicated by the insignificant p-value (p
= 0.949). In assessing BMI, an essential marker for obesity, boys had a marginally higher mean BMI (15.70 # 3.20 kg/m?) compared to
girls (14.80 * 3.05 kg/m?). However, this variance did not achieve statistical significance (p = 0.729). Contrarily, waist circumference
presented a significant difference, with boys exhibiting a higher mean waist circumference (60.29 + 9.55 cm) than girls (57.38 £ 8.03 cm),
supported by a statistically significant p-value (p < 0.05). This could indicate a greater central adiposity in boys, which is a known risk
factor for metabolic complications. The distribution of BMI classifications based on the Centers for Disease Control and Prevention (CDC)
guidelines showed that the majority of both boys (77.3%) and girls (80.9%) were within the 'Normal weight' category. The prevalence of
underweight, overweight, and obesity was slightly higher in boys than in girls. In summary, Table 1 reveals no significant gender disparities
in age, height, body weight, and BMI among the study participants. However, a marked difference was observed in waist circumference,
with boys having a higher measurement. The BMI classification distribution was comparatively similar for both genders.
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Table I

Age and gender-specific anthropometric characteristics of study participants
Variable Boys (n = 675) Girls (n = 685) p-Value

X+ SD X+ SD

Age (years) 10.00 £ 1.417 9.98 + 1.417 0.896
Height, (m) 139.24 +13.02 138.79 +11.39 0.696
Body Weight (kg) 30.80£9.20 30.75 £ 8.08 0.949
BMI (kg/m?) 15.70 £ 3.20 14.80 £ 3.05 0.729
Wec (cm) 60.29 +9.55 57.38+£8.03 <0.05
BMI Classes (CDC)
UnderWeight (<5th) % 15 (6.7) 19 (8.3)
Normal Weight (=5th - 174 (77.3) 186 (80.9)
<85th) %
OverWeight (=85th - 22(9.8) 13 (5.7)
<95th) %
Obesity (295th) % 14 (6.2) 12 (5.2)

Data is presented as X: mean; SD: Standard Deviation (or percentages, as indicated);
BMI: Body Mass Index; WC: Waist Circumference; p-value significant at < 0.05.

Table 2 shows the comparison of anthropometric measurements across different socioeconomic status groups. There was no signifi-
cant difference in height across the Low, Middle, and High SES groups (P = 0.990). The mean heights were 138.98 cm (+ 12.64), 139.02 cm
(£10.75), and 139.26 cm (* 11.74) for the Low, Middle, and High SES groups, respectively. This suggests that height is relatively uniform
across different SES groups in this sample.

A significant difference was observed in body weight across the SES groups (P = 0.000). The Low SES group had a mean body weight
of 29.68 kg (* 8.44), which was lower than the Middle SES group (32.86 kg + 8.34) and the High SES group (35.31 kg + 8.84). This indicates
that individuals from higher SES backgrounds tend to have higher body weight. Similarly, BMI showed a significant variance across SES
groups (P = 0.000).

The average BMI increased with SES: 15.13 kg/m? (+ 2.76) for Low SES, 17.08 kg/m? (+ 3.22) for Middle SES, and 18.06 kg/m? (+
3.80) for High SES. This trend suggests a potential relationship between higher SES and increased BMI. There was a significant difference
in waist circumference among the groups (P = 0.014). The Low SES group had a mean WC of 58.07 cm (* 8.80), which was slightly lower
than the Middle (60.80 cm + 9.36) and High SES groups (60.84 cm * 8.35). This finding aligns with the trend seen in body weight and BMI,
where individuals in higher SES groups exhibit higher measurements.

Table II

Comparison of anthropometric measurements across low, middle, and high Socioeconomic Status (SES) groups
Variable Low SES Middle SES High SES p-Value
Height, (m) 13898 +12.64 139.02+10.75 139.26+11.74 0.990
Body Weight (kg)  29.68 * 8.44 32.86 +8.34 35.31+8.84 0.000
BMI (kg/m?) 15.13+2.76 17.08 + 3.22 18.06 + 3.80 0.000
WC (cm) 58.07 + 8.80 60.80 £ 9.36 60.84 + 8.35 0.014

The regression model summary revealed a moderate correlation (R = 0.374) between the predictors (SES, gender, age) and obesity
indicators (weight and BMI). The R Square value of 0.140 indicates that approximately 14% of the variance in childhood obesity was
accounted for by these variables, with the Adjusted R Square (0.134) providing a slightly more conservative estimate. The standard error
of the estimate was found to be 2.91047, suggesting a moderate degree of variability around the predicted values. Further, the Tukey
HSD analysis for multiple comparisons revealed statistically significant differences in weight and BMI across the SES groups. Children in
the lowest SES bracket (less than 20,000) were observed to have significantly lower weight and BMI compared to those in the higher SES
brackets (20,000 to 60,000 and more than 60,000). Specifically, the mean weight difference between the lowest and the middle SES group
was -3.17057 kg (p = 0.007), and -5.62468 kg (p < 0.001) when compared to the highest SES group. Similarly, for BMI, there was a mean
difference of -1.94749 kg/m? (p < 0.001) and -2.92941 kg/m? (p < 0.001) when the lowest SES group was compared to the middle and
highest groups, respectively.

These findings suggest a clear association between lower SES and lower indices of obesity (weight and BMI), indicating that socioe-
conomic factors play a significant role in childhood obesity. The significant differences in obesity indicators across SES groups underscore
the importance of considering socioeconomic context in public health strategies aimed at addressing childhood obesity.
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Table III

Comparative analysis of weight and BMI across different Socioeconomic Status (SES) groups

Analysis Type Variable Comparison Groups Mean Difference  Standard Error p-Value 95% Confidence
Interval

Multiple Com-  Weight (kg) Low SESvs Middleto  -3.17057 1.03852 .007 (-5.6126, -.7285)

parisons (Tukey High SES

HSD)
Low SES vs High SES  -5.62468 1.38556 .000 (-8.8828, -2.3666)
Low to Middle SESvs  -2.45410 1.60150 277 (-6.2200, 1.3118)
High SES

BMI (kg/m”) LowSESvs Middleto  -1.94749 36278 .000 (-2.8006, -1.0944)

High SES
Low SESvs High SES  -2.92941 48401 .000 (-4.0675, -1.7913)
Low to Middle SESvs ~ -.98192 .55944 186 (-2.2974, .3336)
High SES

Homogeneous Weight (kg) Subset 1 (Low SES) - - 0.053

Subsets (Tukey

HSD)
Subset 2 (Low to - - 170
Middle SES, High
SES)
Subset 1 (Low SES) - - 1.000

BMI (kg/m") Subset 2 (Low to - - .099

Middle SES, High
SES)

Model Summary

R 0.374

R Square 0.140

Adjusted R Square 0.134

Std. Error of the Estimate 2.91047

The figure 1 bar graph presents the mean Body Mass Index for boys and girls, categorized into four weight classifications: lean,
normal, overweight, and obese. For boys, the mean BMI ranges from 10.82 kg for the lean category to 21.63 kg for the obese category.
Girls exhibit a similar trend with the lean category having a mean BMI of 10.22 kg, and the obese category having a mean BMI of 20.39
kg. The progressive increase in mean BMI from lean to obese categories is consistent for both genders, suggesting a clear differentiation
in BMI according to weight classification. For boys, the increase in mean BMI between consecutive categories is notable, with the largest
increase observed between the overweight (M = 20.19, 95% CI [19.52, 20.86]) and obese categories (M = 21.63, 95% CI [20.96, 22.30]).
Similarly, girls show a significant rise between the normal (M = 15.77,95% CI [15.10, 16.44]) and overweight categories (M = 20.34, 95%

CI[19.67, 21.01]), with the obese category (M = 20.39, 95% CI [19.72, 21.06]) slightly higher than the overweight.
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Fig. 1 Comparison of mean BMI by weight classification among Boys and Girls
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The error bars, representing a 95% confidence interval, indicate variability within each classification. While there is some overlap
between the error bars of the overweight and obese categories for girls, suggesting a less pronounced difference, the separation between
the normal and obese categories for both genders is more distinct, implying statistical significance. These findings illustrate a robust re-
lationship between the weight classification and mean BMI, with both boys and girls demonstrating higher mean BMI values in the higher
weight classifications. The trend is indicative of the gradational nature of BMI across the spectrum from lean to obese. The consistent pat-
tern observed between the two genders emphasizes the potential for weight classification to serve as a predictor of BMI in children. Given
the implications of BMI on children's health, understanding these patterns is critical for public health interventions aimed at preventing
obesity. Strategies focusing on maintaining a healthy weight from an early age could potentially benefit from these insights, by addressing
the specific needs of children in different weight categories.

Figure 2 shows a scatter plot examining the relationship between Body Mass Index and weight among children, stratified by low,
middle, and high socioeconomic statuses. The data points are color-coded, indicating the SES of the participants. A linear regression line
has been fitted to the data, with an R? value of 0.595, suggesting that approximately 59.5% of the variability in weight can be explained
by BMI for the combined SES groups. A quadratic fit is also provided, with an R? value of 0.598, indicating a slightly better fit to the data
than the linear model. The scatter of points indicates a positive correlation between BMI and weight across all SES groups. However,
the closeness of the R? values for both the linear and quadratic models suggests that the relationship between BMI and weight does
not dramatically deviate from linearity across the SES spectrum. It is noteworthy that the spread of weight increases with higher BMIs,
particularly for the middle and high SES groups, indicating a potential variance in weight distribution within these categories.

Figure 3 presents a scatter plot that correlates BMI with Waist Circumference (WC) in children, categorized by weight status: lean,
normal, overweight, and obese. Each category is distinguished by a unique color. The plotincludes both alinear and a quadratic regression
line, with R? values of 0.095 and 0.097 respectively. These values suggest a weak correlation between waist circumference and BMI
within the weight classifications, implying that only about 9.5% to 9.7% of the variability in BMI is accounted for by changes in waist
circumference.

7o.007 o OLow sEs

 Middle SES

High SES

R® Linear = 0,525
R? Quadratic =0.558

60.00 °

50.00-

40,00

Weight (kg)

30,00
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5. IDD 1DIDD WSIDD 2DIDD 25IDD
BMI (kgim2)

Fig. 2 Correlation between BMI and weight across different SES

The distribution of data points indicates a general trend where an increase in waist circumference corresponds with an increase in
BMI. Nevertheless, the weak R? values imply substantial scatter and a high degree of individual variability that is not captured by these
two measures alone. Interestingly, the quadratic fit does not offer a substantially improved explanation of the variance compared to
the linear fit, as indicated by the similar R? values. This suggests that the relationship between WC and BMI does not notably deviate
from a straight-line relationship across the weight categories observed. The concentration of data points around the lower end of the
waist circumference and BMI values for the lean and normal categories suggests a clustering of measurements in these healthier weight
classifications. In contrast, the overweight and obese categories display a broader dispersion of data points, reflecting greater variability
in the BMI and WC measurements for these groups. This could indicate a more complex relationship between BMI and WC as children's
weight increases, potentially affected by factors such as body composition and fat distribution which are not directly measured by these
two indices.
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Fig. 3 Correlation between BMI and waist circumference categorized by weight status

Discussion

This study, examining BMI in 8-12-year-old school students from Multan, Pakistan, stratified by Socioeconomic Status (SES), enhances
the existing knowledge on childhood obesity. It investigates the relationship between SES and anthropometric measures such as height,
weight, BMI, and waist circumference, providing essential insights for public health interventions.

The study found no significant gender differences in age, height, body weight, and BMI, but a notable difference in waist circumference,
higher in boys. This aligns with research suggesting that gender differences in body composition and fat distribution emerge during
childhood. Boys tend to accumulate more visceral fat, which is reflected in waist circumference measurements (Hamdani et al., 2022;
Hamdani. S et al,, 2022; Zhou et al., 2022). This is significant as central adiposity is a known risk factor for metabolic complications.
These observations are echoed in broader research. For instance, Topal et al. (2021) and Gajevi¢ et al. (2022) also reported gender
differences in physical development among primary school children, supporting the notion that boys and girls differ in various physical
parameters (Gajevic¢ et al.,, 2022; Topal et al., 2022).

These findings suggest that socioeconomic status may be a determinant in anthropometric characteristics, particularly in body weight,
BM], and waist circumference. The absence of significant variation in height across SES groups may indicate that genetic or other non-
socioeconomic factors play a more dominant role in determining height (Khanolkar, 2013). Conversely, the significant differences in
weight, BMI, and waist circumference across SES groups could be attributed to lifestyle differences, dietary habits, or access to resources,
which often vary with socioeconomic status (Baum et al., 2009; Beauchamp et al., 2014; Ntandou et al., 2008). These results underscore
the importance of considering SES in studies related to nutritional status and health outcomes (Baum et al., 2009).

The study revealed a significant difference in body weight and BMI across SES groups, with higher values in children from higher
SES backgrounds. This finding is consistent with global trends where the relationship between SES and obesity varies by economic
development (Pampel et al., 2012). In high-income countries, higher SES is often associated with lower obesity rates, possibly due to
better access to healthy foods and recreational facilities (Dinsa et al., 2012). However, in lower-income countries, the opposite trend
is observed, where higher SES correlates with increased obesity, potentially due to greater access to energy-dense foods and sedentary
lifestyles (Dinsa, 2015; Vazquez et al., 2020). The significant variances in body weight and BMI across different SES groups in our study
are consistent with broader trends noted in literature. For example, Kobylinska et al. (2022) explored the impact of age and gender on
body composition in children, highlighting the importance of socioeconomic context in these differences (Kobylinska et al., 2022).

The study's findings on the progressive increase in mean BMI from lean to obese categories in both boys and girls are consistent with
the established understanding that BMI is a reliable indicator of adiposity in children (Boeke et al., 2013; Vanderwall et al,, 2017). The clear
differentiation in BMI according to weight classification underscores the utility of BMI as a screening tool for identifying children at risk of
obesity-related health issues (Boeke et al.,, 2013; Staiano et al., 2012; Vanderwall et al,, 2017). The analysis of BMI in relation to weight and
waist circumference revealed positive correlations. However, the modest R? values in the BMI-waist circumference relationship highlight
significant individual variability, suggesting that BMI alone may not fully capture body fat distribution. This underscores the need for
incorporating additional measures like waist circumference in comprehensive obesity assessments.

Itis important to note, however, that while the study reveals significant associations, it does not imply causation. Moreover, given that
the model accounted for only 13.4% of the variance in childhood obesity, there are evidently other contributing factors, which were not
included in this model. Future research should therefore consider incorporating a wider range of variables, potentially including dietary
habits, physical activity levels, genetic factors, and environmental influences, to gain a more comprehensive understanding of the deter-
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minants of childhood obesity (Bigornia etal., 2013). The significant differences observed in weight and BMI across SES groups underscore
the need for nuanced public health interventions that consider the socioeconomic realities of different communities. By tailoring obesity
prevention and intervention programs to address these socioeconomic disparities, more effective strategies can be developed to combat
the growing epidemic of childhood obesity.

Moreover, these results call for a broader perspective on childhood obesity, one that goes beyond individual behavior and genetics
to include social and economic factors. This approach aligns with the social determinants of health framework, which emphasizes the
impact of social, economic, and environmental factors on health outcomes.

Implications

The study indicates that socioeconomic status significantly influences children's weight and BMI, with lower SES associated with reduced
weight and BMI. This correlation may stem from disparities in diet quality, access to nutritious food, opportunities for physical exercise,
and the overall lifestyle tied to various SES levels. However, it is critical to recognize that this association does not establish causality;
other unaccounted factors might also play a role.

These findings are pivotal for public health policy and intervention design targeting childhood obesity. They underscore the necessity
of implementing strategies that are sensitive to the socioeconomic backgrounds of children and their families. Tailoring public health
approaches to meet the unique needs and challenges faced by different SES groups is crucial. In lower-income countries, for instance,
interventions for higher SES groups might focus on promoting healthy eating habits and physical activity, while those for lower SES groups
could prioritize ensuring access to nutritious food and safe environments for physical exercise (Hart et al., 2003).

Limitations

This study sheds light on the relationship between socioeconomic status, gender, and childhood obesity, but it accounts for only 14% of
the variability, suggesting that other factors are at play, future study should investigate additional factors influences. The cross-sectional
design of our study limits the ability to establish causality. To unravel the dynamics of SES, gender, and obesity over time, longitudinal
research is essential. Delving deeper into aspects like dietary patterns, physical activity, and genetic predispositions will offer a more
comprehensive understanding of childhood obesity.

Conclusion

In conclusion, this study contributes valuable data to the existing body of knowledge regarding the influence of socioeconomic status
on the physical development of school-aged children. The significant differences in obesity indicators across SES groups underscore the
importance of contextualizing public health strategies to effectively address childhood obesity. The findings also highlight the necessity
for targeted interventions that are sensitive to the socioeconomic disparities within populations. Moreover, the study reinforces the need
for ongoing research to further understand the multifaceted factors contributing to childhood obesity, particularly in developing countries
like Pakistan.

Future research

Future research should investigate additional factors influences, such as dietary habits, physical activity, genetics, and broader environ-
mental and social factors. Future studies should replicate and expand these findings in diverse settings, examining how socioeconomic
factors influence childhood obesity. Longitudinal studies are pivotal for elucidating causal relationships and observing temporal changes.
Additionally, qualitative research would provide valuable insights into the lived experiences of children from diverse socioeconomic back-
grounds, aiding in the creation of more targeted and effective interventions.

Conclusively, while our research contributes to the understanding of the complex relationship between SES, gender, and childhood
obesity, it underscores the need for context-specific public health strategies, particularly in developing countries like Pakistan. Policymak-
ers and health practitioners should incorporate SES considerations in developing interventions against childhood obesity. Addressing
socioeconomic disparities could significantly mitigate the prevalence and impact of childhood obesity, thereby enhancing the well-being
of children across various socio-economic strata.
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