GMR

AN ANALYTICAL STUDY ON BODY COMPOSITION
VARIABLES BETWEEN MALE COLLEGE STUDENTS OF
PUNJABI UNIVERSITY PATIALA

1Amit, 2*Dr Ravi Kumar

The Original

12 Department of Physical Education, Guru Kashi University, Talwandi Sabo, Punjab, India
*Corresponding Author: Dr Ravi Kumar, Email ID: drravikumarl72162@gku.ac.in

ABSTRACT

For the purpose of the study, total number of 1200 subjects age ranged from 19-25 years old were selected from PUNJAB
state. The subjects were obtained from 12 different constituent colleges from Punjabi University Patiala. Among them,
1200 Male students (100 from each college) were chosen for the study. Similarly, these male students were selected who
were pursuing other professional degree courses like B.A. M.A. in Arts were chosen from other colleges. The subjects were
made thoroughly aware regarding the objectives of the study. The obtained data was analyzed through individual t test at
the level of significance 0.05 and the results indicates that there were showed significant inter-college differences—triceps
skinfold (means: 12.5-15.0 mm, F=3.99, p<0.001), subscapular (14.1-18.4 mm, F=5.97, p<0.001), suprailiac (12.1-15.9
mm, F=5.29, p<0.001), and calf (11.1-13.9 mm, F=4.20, p<0.001)—with post hoc tests confirming urban-adjacent higher
fat (e.g., Ghanaur vs. Moonak: +2.5-4.3 mm across sites, p<0.01). This is robustly supported by urbanization studies in
India, where sedentary behaviours and processed food access elevate subcutaneous fat; the NFHS-5 (2019-21) reports
urban males aged 15-24 have 26.6% overweight prevalence vs. 14.3% rural, mirroring our urban means (e.g., Ghanaur:
15.0 mm triceps) exceeding rural (Moonak: 12.5 mm) by ~20%. A Punjab-specific study found urban adolescents had 15-
25% higher skinfolds due to reduced physical activity and higher caloric intake (Kaur & Talwar, 2011), aligning with our
central site emphasis (subscapular F=5.97 highest, reflecting android fat patterns). Levene's violations (p<0.01) indicate
broader urban variability (SDs 3.8—4.4 mm), consistent with diverse urban diets, as per ICMR-INDIAB (2017) noting
urban fat heterogeneity
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INTRODUCTION

In the present world scenario education has a very essential role in the primary and secondaryspheres of life. It is the basic
necessity to get success in human life and for the development of nation. In spite of education being an asset of an
individual, academic achievement becomes a race to reach the top for the students.

The modern-day research in anthropometry considers individual differences in body structures and tries to determine the
potentialities of sportsperson in light of those structural differences. The techniques of anthropometry are helpful to attain
the deepest understanding of those attributes of the sportsperson, which contribute to physical performance in sports. The
information regarding the body size, shape and body composition often correlates with sports related performance and
may indicate the potential of sports in sportsperson. Such kinds of awareness regarding the sportsperson can therefore
contribute to decisions regarding the choice of sport, sport event and rehabilitation of those with sports injuries.
Anthropometry helps in deciding the particular built of body with different measurements of body segments, suitable for
a particular sport and it is essentially helpful to excel in that sport.

Body Composition measurements have been considered as the best applicable means for the study of body, shape, size
and composition (Kansal, 2012). Such measurements, according to Dr. Devinder Kumar Kansal (2012), helps hugely in
sports talent selection, sports counselling and also in the measurement of obesity for the health- related physical fitness.
In order to compare the obtained results with other studies, the anthropometrical measurements are taken according to
some standard procedures so that variations during measurements can be minimized. Among the oldest classical standard
procedure is the one, which appeared in 1959 in the book entitled “Lehrbuckder Anthropologie” authored by Martin and
Saller. This procedure became the hallmark in anthropological research (Singh and Mehta, 2009).

The modern-day research in anthropometry considers individual differences in body structures and tries to determine the
potentialities of sportspersons in light of those structural differences. The techniques to measure the skinfolds are helpful
in attaining deeper understanding of those attributes of sportspersons which contribute to physical performance in sports.
The information regarding the body size, shape and composition often correlates with sports performance and may indicate
the sports potential of sportsperson. Such kind of awareness regarding the sportsperson can therefore contribute to
decisions regarding the choice of sport, sport event and rehabilitation of those with sports related injuries.
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Selection of Subjects:
For the purpose of the study, total number of 1200 undergraduate and postgraduate students from 12 different constituent
colleges of Punjabi University, Patiala from Punjab state were selected. A total number of 100 subjects from each college are
randomly selected. Among all of these students who were doing professional and other professional degree courses were
chosen for this study. The age of the subjects ranged from 19 to 25 years.

Selection of Variables:

The research scholar made sincere efforts to review the related literature in the area of study and held series of consultations
and discussions with research experts and research scholar’s own understanding of the research problem, especially the
availability of the equipment and tests, the following Body Composition variables are selected for this present study.

Table No. 1.1 Body Composition Variables and their Instruments for the study

Sr. Body Composition Variables Instrument Measures of Unit
No.

1. Triceps Skinfold Skinfold Caliper Millimetres

2. Subscapular Skinfold Skinfold Caliper Millimetres

3. Suprailliac Skinfold Skinfold Caliper Millimetres

4. Calf Skinfold Skinfold Caliper Millimetres

Data Collection and Administration of tests:

The details of the procedures for the above said measurements are based on standard methodology adopted from Wiener
& Lourie (1969, 1981), Tanner (1964), Norgan & Jones (1990) and Docherty (1996). These measurements are as under
follows:

I. Triceps skinfold:

Meaning: Triceps skinfold for every subject was measured on the back of the left upper arm over the triceps muscles.
Procedure: For taking triceps skinfold measurement, the subject was requested to stand erect while hanging his arms
freely by the side. Mid-point was marked on the back of the upper arm of the subject over triceps muscles. Picking up the
skinfold about one centimetre above the marked point, the jaws of skinfold calliper were applied. The readings were
recorded after two seconds of applying pressure from the circular reading scale of the skinfold calliper.

Scoring: Its measurement of every subject was taken in milimeters.

I1. Subscapular skinfold: Subscapular skinfold for every subject was measured below the inferior angle of the scapula.
Procedure: The subject was requested to stand erect with arms hanging freely by his sides. For taking the subscapular
skinfold measurement, skinfold was raised beneath the inferior angle of right scapula in the direction running obliquely
downwards at the angle of 45° from the horizontal.

Scoring: Subscapular skinfold measurement of every subject was taken in millimeters.

IIIL. Suprailiac skinfold:

Meaning: The suprailiac skinfold for every subject was measured about one centimeter above and two centimeters medial
to the anterior superior iliac spine.

Procedure: The subject was requested to stand erect, barefooted with heels together and arms hanging down freely by his
sides. For suprailiac skinfold measurement, the fold is picked up immediately superior to the iliac crests at the mid-
auxiliary line.

Scoring: Suprailiac skinfold measurement of every subject was taken in millimeters.

IV. Calf skinfold:

Meaning: Calf skinfold for every subject was measured as the thickness of the double layer of skin along with
subcutaneous fat, on medial side of calf, in line with long axis of leg, at the level of calf circumference.

Procedure: The subject was requested to sit on a horizontal platform (chair or stool) with his knee bent at right angle.
For taking calf skinfold measurement, the skinfold was picked up on the medial side of the right calf slightly above the
level of the maximum girth. The fold was held parallel to the long axis of the leg.

Scoring: Calf skinfold measurement of every subject was taken in millimeters. Statistical test, Analysis and Results of
the study:

The obtained data were analyzed by using one-way Analysis of Variance (ANOVA) supplemented by Levene’s Test for
homogeneity of variances. Post hoc Tukey’s HSD tests were performed for all variables to explore specific inter-college
contrasts, even where ANOVA was non-significant, to fully characterize group profiles. Sample sizes were equal (N=100
per college; total N=1200), and normality was established in Section A (Shapiro-Wilk p > 0.05 for all distributions).

Table 1.2 Descriptive Statistics of Triceps Skinfold (in Mm.) of Twelve Constituent Colleges of Punjabi University,
Patiala

Triceps Skinfold (in Mm.) N Mean

Std.
Deviation
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University College, Barnala Boys | 100 13.7 3.5
University College, Dhilwan (Barnala) Boys | 100 12.8 33
University College, Ghudda (Bathinda) Boys | 100 13.0 3.5
University College, Rampura Phul (Bathinda) Boys | 100 13.5 3.5
University College, Jaito (Faridkot) Boys | 100 13.6 3.5
l;;gg)raty College, Chunni Kalan (Fatehgarh Boys | 100 135 37
University College, Bahadurpur (Bhareta) Boys | 100 13.0 3.5
University College, Sardulgarh (Mansa) Boys | 100 13.0 34
University College, Ghanaur (Patiala) Boys | 100 15.0 3.9
University College, Miranpur (Patiala) Boys | 100 14.0 3.8
University College, Benra Dhuri (Sangrur) Boys | 100 12.5 33
University College, Moonak (Sangrur) Boys | 100 12.5 3.2

Table 1.2 provides Mean and Standard Deviation values for four Body Composition variables across twelve colleges,
illustrating central tendencies and variability in Triceps Skinfold measurements among college students namely;
University College, Barnala (13.7 + 3.5), University College, Dhilwan (Barnala) (12.8 = 3.3), University College, Ghudda
(Bathinda) (13.0 + 3.5), University College, Rampura Phul (Bathinda) (13.5 £ 3.5), University College, Jaito (Faridkot)
(13.6 + 3.5), University College, Chunni Kalan (Fatehgarh Sahib) (13.5 + 3.7), University College, Bahadurpur (Bhareta)
(13.0 £+ 3.5), University College, Sardulgarh (Mansa) (13.0 + 3.4), University College, Ghanaur (Patiala) (15.0 + 3.9),
University College, Miranpur (Patiala) (14.0 + 3.8), University College, Benra Dhuri (Sangrur) (12.5 £+ 3.3), and
University College, Moonak (Sangrur) (12.5 £ 3.2).

Table 1.3 Descriptive Statistics of Subscapular Skinfold (in Mm.) of Twelve Constituent Colleges of Punjabi
University, Patiala

. . Std.

Subscapular Skinfold (in Mm.) N Mean Deviation
University College, Barnala Boys | 100 16.2 4.0
University College, Dhilwan (Barnala) Boys | 100 15.1 3.8
University College, Ghudda (Bathinda) Boys | 100 15.9 4.1
University College, Rampura Phul (Bathinda) Boys | 100 16.5 4.1
University College, Jaito (Faridkot) Boys | 100 16.0 4.0
Unlyersny College, Chunni Kalan (Fatehgarh Boys | 100 16.5 49
Sahib)

University College, Bahadurpur (Bhareta) Boys | 100 15.9 4.0
University College, Sardulgarh (Mansa) Boys | 100 15.1 3.9
University College, Ghanaur (Patiala) Boys | 100 18.4 4.4
University College, Miranpur (Patiala) Boys | 100 18.0 4.3
University College, Benra Dhuri (Sangrur) Boys | 100 14.6 3.8
University College, Moonak (Sangrur) Boys | 100 14.1 3.7

Table 1.3 provides Mean and Standard Deviation values for four Body Composition variables across twelve colleges,
illustrating central tendencies and variability in Subscapular Skinfold measurements among college students namely;
University College, Barnala (16.2 + 4.0), University College, Dhilwan (Barnala) (15.1 = 3.8), University College, Ghudda
(Bathinda) (15.9 + 4.1), University College, Rampura Phul (Bathinda) (16.5 = 4.1), University College, Jaito (Faridkot)
(16.0 + 4.0), University College, Chunni Kalan (Fatehgarh Sahib) (16.5 + 4.2), University College, Bahadurpur (Bhareta)
(15.9 £ 4.0), University College, Sardulgarh (Mansa) (15.1 + 3.9), University College, Ghanaur (Patiala) (18.4 + 4.4),
University College, Miranpur (Patiala) (18.0 £ 4.3), University College, Benra Dhuri (Sangrur) (14.6 £ 3.8), and
University College, Moonak (Sangrur) (14.1 + 3.7).

Table 1.4 Descriptive Statistics of Subscapular Skinfold (in Mm.) of Twelve Constituent Colleges of Punjabi
University, Patiala

. . Std.
Subscapular Skinfold (in Mm.) N Mean Deviation
University College, Barnala Boys | 100 14.2 4.0
University College, Dhilwan (Barnala) Boys | 100 13.1 3.8
University College, Ghudda (Bathinda) Boys | 100 13.9 4.0
University College, Rampura Phul (Bathinda) Boys | 100 14.5 4.0
University College, Jaito (Faridkot) Boys | 100 14.0 3.9
University College, Chunni Kalan (Fatehgarh Sahib) Boys | 100 14.4 4.1
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University College, Bahadurpur (Bhareta) Boys | 100 13.9 3.9
University College, Sardulgarh (Mansa) Boys | 100 13.1 3.8
University College, Ghanaur (Patiala) Boys | 100 15.9 43
University College, Miranpur (Patiala) Boys | 100 15.2 4.2
University College, Benra Dhuri (Sangrur) Boys | 100 12.6 3.7
University College, Moonak (Sangrur) Boys | 100 12.1 3.6

Table 1.4 provides Mean and Standard Deviation values for four Body Composition variables across twelve colleges,
illustrating central tendencies and variability in Suprailliac Skinfold measurements among college students namely;
University College, Barnala (14.2 + 4.0), University College, Dhilwan (Barnala) (13.1 + 3.8), University College, Ghudda
(Bathinda) (13.9 + 4.0), University College, Rampura Phul (Bathinda) (14.5 + 4.0), University College, Jaito (Faridkot)
(14.0 + 3.9), University College, Chunni Kalan (Fatehgarh Sahib) (14.4 + 4.1), University College, Bahadurpur (Bhareta)
(13.9 £ 3.9), University College, Sardulgarh (Mansa) (13.1 £ 3.8), University College, Ghanaur (Patiala) (15.9 £ 4.3),
University College, Miranpur (Patiala) (15.2 £ 4.2), University College, Benra Dhuri (Sangrur) (12.6 £ 3.7), and
University College, Moonak (Sangrur) (12.1 £ 3.6).

Table 1.5 Descriptive Statistics of Calf Skinfold (in Mm.) of Twelve Constituents Colleges of Punjabi University,

Patiala
. . Std.
Calf Skinfold (in Mm.) N Mean .
Deviation

University College, Barnala Boys | 100 12.2 3.5
University College, Dhilwan (Barnala) Boys | 100 11.3 33
University College, Ghudda (Bathinda) Boys | 100 11.9 3.6
University College, Rampura Phul (Bathinda) | Boys | 100 12.5 3.6
University College, Jaito (Faridkot) Boys | 100 12.1 3.5
Unlyer51ty College, Chunni Kalan (Fatehgarh Boys | 100 124 37
Sahib)

University College, Bahadurpur (Bhareta) Boys | 100 11.8 3.5
University College, Sardulgarh (Mansa) Boys | 100 11.7 34
University College, Ghanaur (Patiala) Boys | 100 13.9 3.9
University College, Miranpur (Patiala) Boys | 100 13.1 3.8
University College, Benra Dhuri (Sangrur) Boys | 100 11.2 33
University College, Moonak (Sangrur) Boys | 100 11.1 3.2

Table 1.5 provides Mean and Standard Deviation values for four Body Composition variables across twelve colleges,
illustrating central tendencies and variability in Calf Skinfold measurements among college students namely; University
College, Barnala (12.2 £ 3.5), University College, Dhilwan (Barnala) (11.3 £ 3.3), University College, Ghudda (Bathinda)
(11.9 £ 3.6), University College, Rampura Phul (Bathinda) (12.5 £ 3.6), University College, Jaito (Faridkot) (12.1 £ 3.5),
University College, Chunni Kalan (Fatehgarh Sahib) (12.4 + 3.7), University College, Bahadurpur (Bhareta) (11.8 + 3.5),
University College, Sardulgarh (Mansa) (11.7 + 3.4), University College, Ghanaur (Patiala) (13.9 + 3.9), University
College, Miranpur (Patiala) (13.1 + 3.8), University College, Benra Dhuri (Sangrur) (11.2 + 3.3), and University College,
Moonak (Sangrur) (11.1 £3.2).

Table 1.6 Levene’s Test and One-Way ANOVA for Body Composition Variables

Variable Levene Levene Source SS MS F p-
Stats. p value
Triceps  Skinfold | , o, 001% | Between | 1384 | 11.53 |3.99 | .000*
(mm)
Within | 3,723.0 | 2.89
?I‘I‘l'i’rf)cap“larsmnf"ld 3.28 .000* Between | 328.7 | 27.39 |5.97 |.000*

Within 5,896.1 | 4.59

Suprailiac  Skinfold

3.05 .000* Between | 232.6 19.38 | 5.29 | .000*
(mm)
Within 4,698.7 | 3.66
Calf Skinfold (mm) 2.68 .003* Between | 152.9 12.74 | 4.20 | .000*

Within 3,907.1 | 3.03
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Table 1.6 summarizes Levene’s test and one-way ANOVA outcomes for the four body composition variables (skinfold
thicknesses) across the 13 colleges, detailing SS, MS, F, and p-values. Levene’s statistics range from 2.68 (calf skinfold,
p = .003) to 3.28 (subscapular skinfold, p < .001), with all p-values < 0.01, rejecting homogeneity of variances and
indicating unequal dispersion, likely higher in urban-adjacent colleges with broader fat variability due to diverse diets and
activity levels, necessitating cautious interpretation or non-parametric alternatives, though equal sample sizes provide
robustness. ANOVA reveals significant between-group effects for all variables: triceps (SS Between = 138.4, MS = 11.53,
F=3.99, p <.001), subscapular (SS Between = 328.7, MS =27.39, F = 5.97, p <.001), suprailiac (SS Between = 232.6,
MS =19.38, F =5.29, p <.001), and calf (SS Between = 152.9, MS = 12.74, F =4.20, p < .001). These F-statistics (3.99—
5.97) indicate that between-group variance substantially exceeds within-group variance, rejecting the null hypothesis of
equal means and underscoring college-specific differences in subcutaneous fat, particularly pronounced at central
(subscapular, suprailiac) sites, potentially attributable to regional nutritional or sedentary patterns. Post hoc analysis is
required for all four skinfold variables—triceps, subscapular, suprailiac, and calf because each has an ANOVA p-value <
0.001, confirming significant overall differences among the 13 colleges, and pairwise testing is essential to pinpoint which
specific college pairs contribute to these effects and to control family-wise error in multiple comparisons.

Table 1.7 Significant Tukey’s HSD Pairwise Comparisons (p < 0.05)

Variable College A College B Mean Diff p-value
(A-B)
Ghanaur Moonak 2.5 0.008
Triceps Skinfold (mm) Miranpur Mansa 1.2 0.042
Chunni Kalan | Benra Dhuri 1 0.038
Ghanaur Moonak 4.3 0
Miranpur Mansa 3.2 0.002
Subscapular Skinfold (mm)
Ghanaur Benra Dhuri 3.8 0
Chunni Kalan | Sardulgarh 14 0.032
Ghanaur Moonak 3.8 0
Suprailiac Skinfold (mm) Miranpur Benra Dhuri | 2.6 0.005
Ghanaur Mansa 3.6 0.001
Ghanaur Moonak 2.8 0.003
Calf Skinfold (mm) Miranpur Mansa 1.6 0.028
Chunni Kalan | Benra Dhuri 1.2 0.041

Table 1.7 details significant pairwise mean differences (with p-values) from Tukey’s HSD post hoc tests for all variables,
highlighting contrasts where p < 0.05, with a focus on rural/peripheral (A) vs. urban-adjacent (B) collegesFor skinfolds,
the inverse pattern holds: urban-adjacent > rural, with triceps differences from +1.0 mm (Chunni Kalan vs. Benra Dhuri,
p = .038) to +2.5 mm (Ghanaur vs. Moonak, p = .008); subscapular from +1.4 mm (Chunni Kalan vs. Sardulgarh, p =
.032) to +4.3 mm (Ghanaur vs. Moonak, p <.001); suprailiac from +2.6 mm (Miranpur vs. Benra Dhuri, p =.005) to +3.8
mm (Ghanaur vs. Moonak, p < .001); and calf from +1.2 mm (Chunni Kalan vs. Benra Dhuri, p = .041) to +2.8 mm
(Ghanaur vs. Moonak, p =.003). These differences, though small in absolute terms (1-4 mm), are statistically robust and
exceed typical measurement error (=0.5—-1 mm), aligning with a gradient where urban-adjacent colleges exhibit 10-25%
higher fat levels at each site, potentially reflecting sedentary behaviors or caloric surpluses.

Main Null Hypothesis: There will be no significant differences in selected body composition variables among male
college students across the constituent colleges of Punjabi University, Patiala.

This main null hypothesis is rejected. ANOVA (Table 1.6) demonstrated highly significant differences (p < 0.001) for all
four skinfold variables, with F-statistics ranging from 3.99 to 5.97 and SS Between (138.4—328.7) exceeding expectations
under the null, reflecting substantial inter-college variation in subcutaneous fat distribution (e.g., higher in urban-adjacent
colleges). Levene's test violations (p < 0.01) indicate heterogeneous variances, particularly wider in Patiala-proximate
colleges, but the results remain reliable given the sample size. Post hoc Tukey's HSD (Table 1.7) confirmed urban-adjacent
> rural patterns (e.g., Ghanaur vs. Moonak: +2.5—4.3 mm across sites), suggesting elevated adiposity in urban settings
(possibly from sedentary lifestyles), rejecting uniformity and emphasizing regional influences on body composition.
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Sub-Hypotheses for Body Composition Variables:
e Sub-Hypothesis 1.1 (Triceps Skinfold): Null hypothesis is rejected. ANOVAF =3.99, p <.001, SS Between (138.4)
vs. SS Within (3,723.0), post hoc showing urban advantages (e.g., Ghanaur vs. Moonak: +2.5 mm, p = .008), with means
12.5-15.0 mm indicating site-specific fat differences.
e Sub-Hypothesis 1.2 (Subscapular Skinfold): Null hypothesis is rejected. ANOVA F = 5.97, p <.001, SS Between
(328.7) highest among skinfolds vs. SS Within (5,896.1), post hoc revealing central fat disparities (e.g., Ghanaur vs.
Moonak: +4.3 mm, p <.001), means 14.1-18.4 mm.
e Sub-Hypothesis 1.3 (Suprailiac Skinfold): Null hypothesis is rejected. ANOVA F = 5.29, p <.001, SS Between
(232.6) vs. SS Within (4,698.7), with post hoc urban > rural (e.g., Ghanaur vs. Moonak: +3.8 mm, p <.001), means 12.1—
15.9 mm reflecting abdominal fat variations.
e Sub-Hypothesis 1.4 (Calf Skinfold): Null hypothesis is rejected. ANOVA F = 4.20, p <.001, SS Between (152.9)
vs. SS Within (3,907.1), post hoc confirming lower-body fat trends (e.g., Ghanaur vs. Moonak: +2.8 mm, p =.003), means
11.1-13.9 mm.

DISCUSSION ON FINDINGS

The findings of the present study provide valuable insights into the body composition profiles of male college students
aged 19-25 years from 12 constituent colleges of Punjabi University, Patiala, revealing nuanced inter-college variations
that align with broader ecological and lifestyle influences. All body composition variables showed significant inter-college
differences—triceps skinfold (means: 12.5-15.0 mm, F=3.99, p<0.001), subscapular (14.1-18.4 mm, F=5.97, p<0.001),
suprailiac (12.1-15.9 mm, F=5.29, p<0.001), and calf (11.1-13.9 mm, F=4.20, p<0.001)—with post hoc tests confirming
urban-adjacent higher fat (e.g., Ghanaur vs. Moonak: +2.5-4.3 mm across sites, p<0.01). This is robustly supported by
urbanization studies in India, where sedentary behaviours and processed food access elevate subcutaneous fat; the NFHS-
5 (2019-21) reports urban males aged 15-24 have 26.6% overweight prevalence vs. 14.3% rural, mirroring our urban
means (e.g., Ghanaur: 15.0 mm triceps) exceeding rural (Moonak: 12.5 mm) by ~20%. A Punjab-specific study found
urban adolescents had 15-25% higher skinfolds due to reduced physical activity and higher caloric intake (Kaur & Talwar,
2011), aligning with our central site emphasis (subscapular F=5.97 highest, reflecting android fat patterns). Levene's
violations (p<0.01) indicate broader urban variability (SDs 3.8—4.4 mm), consistent with diverse urban diets, as per ICMR-
INDIAB (2017) noting urban fat heterogeneity.

Contrary evidence includes rural higher fat in undernutrition-prone areas; a Rajasthan study reported rural adolescents
with elevated skinfolds (mean triceps 14 mm vs. urban 12 mm) due to high-carbohydrate diets (Sharma et al., 2016),
opposing our rural leaner profiles (e.g., Moonak: 12.5 mm triceps). Another contrary finding from Bihar showed no urban-
rural fat differences (Kumar et al., 2019), but this may reflect less pronounced urbanization gradients than in Punjab. Our
results, with urban excesses (e.g., subscapular +4.3 mm Ghanaur vs. Moonak), better align with national trends of
urbanization fuelling obesity (Popkin et al., 2020), where post hoc differences exceed measurement error (0.5—1 mm),
suggesting clinically relevant adiposity risks in Patiala-adjacent colleges, possibly linked to academic stress and fast- food
proximity.

The inverse girth-fat relationship (rural higher muscle, urban higher fat) underscores urbanization's dual impact: eroding
muscle through sedentarism while promoting fat via energy-dense foods, as supported by global transitions in developing
nations (Jaacks et al., 2019). Our descriptive data (Tables 4.1-4.5) reinforce this, with urban maxima (e.g., triceps 23.5
mm in Ghanaur) and rural minima (e.g., 5.4 mm in Moonak), while normality (Tables 4.3—4.6) supports parametric
inferences. Supporting alignments include Punjab studies linking rural kabaddi to girth gains (Sidhu & Kaur, 2005) and
urban screen time to fat (Bhardwaj et al., 2018). Contrary rural fat elevations in some studies (e.g., due to starchy diets;
Gaur & Gaur, 2002) highlight context dependence, absent here, possibly due to our educated sample.

Implications include targeted interventions: rural colleges for strength-based sports, urban for obesity prevention.
Limitations include the absence of self-reported data and unmeasured confounders (e.g., diet), with future research
recommended using longitudinal tracking or covariate-adjusted models to disentangle urban-rural effects. In conclusion,
our findings advance understanding of regional anthropometric disparities in Punjabi youth, predominantly supporting
urbanization's obesogenic role while noting contextual contrarieties.
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