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ABSTRACT

Childhood obesity and under nutrition are emerging public health

Article Info: challenges in many developing countries, including Bangladesh. Accurate assessment

of growth and body composition through anthropometric measures is essential for
Received: 23 September 2025 monitoring children's health and guiding effective intervention strategies. This study
Accepted: 20 November 2025 aims to assess growth status by examining body composition changes using
Available Online: 22 November anthropometric measurements in schoolboys aged 12 to 14 years from Jashore,
2025 Bangladesh.

The study involved 90 schoolboys aged 12 to 14 years from Jashore,
Bangladesh, who were assessed using standardized anthropometric techniques.
Skinfold measurement sat the suprailiac, subscapular, and triceps sites were taken
using precision calipers for body fat estimation. Considering these measurements, fat
mass and lean body mass was calculated.

ANOVA results revealed significant age-group differences in triceps,
subscapular, and suprailiac skinfold thicknesses, fat percentage, fat mass, and lean
body mass (p < 0.01), indicating that body composition varies notably with age.
Specifically, 13- and 14-year-olds showed significantly higher skinfold thickness, fat
percentage, and fat mass compared to 12-year-olds (p < 0.001). Lean body mass was

Keywords: significantly greater in 14-year-olds compared to both 12- and 13-year-olds (p <
0.001). These findings indicate that fat percentage and lean body mass generally

Anthropometry, Body increase progressively with age, reflecting natural developmental changes during

composition, Schoolboys, early adolescence.

Skinfold thickness This study demonstrates that body composition significantly changes

with age among schoolboys aged 12 to 14 in Jashore, Bangladesh. Older boys
exhibited higher skinfold thicknesses, fat percentage, and fat mass, alongside a
marked increase in lean body mass, indicating a natural progression in physical
development during early adolescence. These findings emphasize the value of regular
anthropometric measurements for monitoring growth patterns and supporting age-
appropriate dietary and medical interventions for school-age children.
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1. Introduction

The growth and development of children and adolescents are influenced by social, nutritional, and
environmental factors within the home, school, and community. During this stage, individuals experience
significant changes in body composition alongside increases in overall body size (1). Child development
is a crucial indicator of population health and the effectiveness of intervention programs, underscoring the
importance of children as key members of society (2). According to the World Health Organization, more
than 390 million children and adolescents were overweight in 2022, including 160 million who were
classified as obese (3). These alarming statistics highlight the need to assess children's nutritional status,
which is commonly evaluated using the Body Mass Index (BMI). However, BMI alone may be misleading;
a more accurate assessment requires the calculation of BMI-for-age Z-scores, which adjust for age and sex
(4, 5). These age- and sex-specific reference standards are recommended by both the WHO and national
guidelines (6).

Monitoring children’s physical development is essential, and anthropometric measurements are among the
most practical and effective tools available for this purpose (7). Changes in anthropometric
characteristics—such as height, weight, and body proportions—provide clear indicators of growth and
maturation (8, 9). Although advanced technologies exist for assessing body composition, simple
anthropometric methods are often preferred due to their accessibility, cost-effectiveness, and reliability
(10). Anthropometric data offer valuable insight into children’s overall health, nutritional status, and
growth trajectory (11, 12). Various techniques are used to collect these data, with manual measurement
tools such as measuring tapes, anthropometers, and calipers remaining widely applied (13). Anthropometry
involves measuring parameters such as skinfold thickness, circumferences, and lengths to quantify body
size, shape, and structure (11), offering a non-invasive and practical means of evaluating nutritional and
health status (14, 15).

Height and BMI are key anthropometric indicators that reflect nutritional quality and environmental
conditions during childhood and adolescence. These factors significantly influence long-term health
outcomes and developmental potential (16). A low BMI, often indicative of undernutrition, is associated
with impaired cognitive function, increased risk of disease, higher mortality, and reduced academic and
economic productivity (17). Conversely, a high BMI is linked to early-onset disability and increased adult
mortality (18). Although BMI is widely used in epidemiological research to estimate mortality risk (19),
other measures—such as triceps skinfold thickness—provide more accurate information on peripheral fat
distribution (20). Skinfold measurements are particularly effective for estimating body fat percentage and
detecting deviations from healthy fat levels in children (21). Studies have shown that skinfold thickness
correlates more strongly with fat mass than BMI does (22), making it a preferred indicator for evaluating
subcutaneous fat and related health risks (23, 24). Childhood obesity is an emerging public health concern
in Bangladesh and is associated with increased risks of diabetes, cardiovascular disease, and cancer (25).
While BMI is commonly used to assess growth, it does not reliably represent fat distribution. Skinfold
thickness offers a more accurate and cost-effective method for estimating body composition and identifying
early health risks. Despite extensive global research on age-related body composition, current population-
specific data for Bangladeshi schoolboys remain limited. Local anthropometric data are essential because
growth patterns and body composition vary with genetic, environmental, and lifestyle factors. This study
addresses this gap by assessing the growth status of schoolboys aged 12 to 14 years in Jashore, Bangladesh.
Three skinfold sites—triceps, subscapular, and suprailiac—were selected to represent both peripheral and
central fat deposits. Although the standard seven-site protocol is more comprehensive, the three-site
method is validated, practical, and feasible in school-based assessments.

The present study aims to evaluate growth status using anthropometric indicators among schoolboys aged
12-14 years. It is hypothesized that height, weight, and BMI will progressively increase with age; that
skinfold thickness, fat percentage, and fat mass will rise with age; that lean body mass will exhibit greater
increases in later adolescence; and that body composition measures will differ significantly across age
groups, highlighting the need for local anthropometric reference data to guide health interventions.

2. Methods

2.1 Subjects
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A total of 90 schoolboys aged 12 to 14 years participated in this study. The subjects were evenly distributed
across three age groups (n = 30 for each): 12, 13, and 14 years. All participants were recruited from
secondary schools in the Jashore district of Bangladesh. Written informed consent was obtained from all
participants and/or their guardians prior to data collection. Only healthy boys without chronic illnesses,
physical disabilities, or regular involvement in competitive sports were included. Individuals with medical
conditions or recent injuries were excluded. The sample size was determined using G*Power software,
with a significance level of 0.05, a power of 80%, and an effect size derived from previous studies.
Participants were selected using simple random sampling to ensure balanced representation across the age
groups.

2.2 Criterion Measures

This study utilized several anthropometric measurements—including triceps, subscapular, and suprailiac
skinfolds, fat percentage, fat mass, and lean body mass—as the primary criterion measures. BMI, used to
assess weight relative to height, was calculated from measured body weight and height. Weight was
measured using a digital scale (OMRON, India) with an accuracy of 0.1 kg, while height was measured
using a stadiometer (KRUPS, India) to the nearest 0.1 cm (26). Skinfold thickness was measured at three
anatomical sites: triceps, subscapular, and suprailiac. All measurements were taken on the right side of the
body using a calibrated skinfold caliper (e.g., Harpenden Skinfold Caliper, Model 68875, Baty
International, UK) with a precision of 0.2 mm. Each site was measured twice; if the two readings differed
by more than 1 mm, a third measurement was taken. The two closest values were averaged for analysis.
All procedures adhered to the standard operating guidelines of the International Society for the
Advancement of Kinanthropometry (ISAK) (27).

2.3 Test Procedures
The triceps skinfold was measured midway between the acromion and olecranon processes on the posterior
aspect of the upper arm. Participants stood in a relaxed posture with their arms hanging naturally. The
skinfold was gently lifted, and the measurement was recorded in millimeters (28). The subscapular skinfold
was measured at the inferior angle of the right scapula. The angle was palpated and marked with a cosmetic
pencil. The skinfold was raised adjacent to this landmark in an oblique direction (downward and outward
at approximately 45 degrees), and the measurement was recorded in millimeters (29, 30). The suprailiac
skinfold was measured at the intersection of a line joining the anterior superior iliac spine and the anterior
axillary line, along a horizontal level with the iliac crest. Approximately 5—7 cm above the anterior superior
iliac spine, the skinfold was raised in a downward and inward direction at about 45 degrees. Measurements
were taken while participants stood in a relaxed position and recorded in millimeters (28, 31).
Body composition variables—including body fat percentage, fat mass, and lean body mass—were derived
from the skinfold data. The sum of the triceps and subscapular skinfolds was used to estimate body fat
percentage using the age- and sex-specific equations developed by Slaughter et al. (1988), which are widely
validated for children and adolescents.
For boys:
* If triceps + subscapular < 35 mm:

Body fat (%) =1.21 x (sum) — 0.008 X (sum)* — 1.7
* If triceps + subscapular > 35 mm:

Body fat (%) = 0.783 x (sum) + 1.6
Fat mass (FM) was calculated as:

FM (kg) = (body fat percentage + 100) x body weight
Lean body mass (LBM) was calculated as:

LBM (kg) = body weight — fat mass (32)

2.4 Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics (Version 25). Descriptive statistics—
means, standard deviations, and standard errors of the mean—were computed for each age group. A one-
way analysis of variance (ANOVA) was used to identify significant differences among groups, followed
by Tukey’s HSD post hoc test for pairwise comparisons. Levene’s test was used to confirm homogeneity
of variances, and the Shapiro—Wilk test verified the normality of data distribution. A significance level of
p < 0.05 was applied for all analyses.
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3. Results

The following Table 1 presents the general characteristics of the subjects, demonstrating that height and
weight progressively increase with age. Table 2 summarizes the analysis of body composition across the
age groups. Significant differences were observed in skinfold thickness (triceps, subscapular, and
suprailiac), fat percentage, fat mass, and lean body mass, indicating that body composition varies
substantially with age. A series of post-hoc Tukey comparisons further confirmed significant differences
in body composition among the 12-, 13-, and 14-year-old groups. These results show that skinfold
thickness, fat percentage, fat mass, and lean body mass generally increase with advancing age (Table 3).

4. Discussion

The results of this study demonstrate clear age-related patterns in growth and body composition during
early adolescence. As expected, increases in height and weight across age groups reflect normal physical
development. The notable rise in skinfold thicknesses and fat mass between ages 12 and 13 suggests early
fat accumulation, which then stabilizes by age 14. At the same time, lean body mass continues to increase
markedly—particularly between ages 13 and 14—indicating a developmental shift toward greater muscle
growth in later adolescence. This trajectory aligns with typical pubertal maturation, during which initial
gains in adiposity are followed by substantial accretion of lean tissue. Collectively, these findings highlight
the dynamic nature of adolescent growth and emphasize the importance of age-specific reference values
when assessing health and developmental status in this population. Consistent with expectations, the
adolescent participants exhibited progressive increases in height and weight, in line with established
patterns of somatic growth during early adolescence (33, 34).

Table 1. General characteristics of the different age groups

Variables Age n Mean Std. Deviation
12 30 142.57 8.20
Height (cm) 13 30 148.93 9.75
14 30 155.23 8.02
12 30 34.20 7.54
Weight (kg) 13 30 39.83 8.12
14 30 41.97 8.45
12 30 16.65 2.45
BMI (kg/m’) 13 30 17.86 2.65
14 30 17.28 2.37
Table 2. Comparison of various measurements across different age groups
Variables Age n Mean Std. Deviation F Sig.
12 30 9.20 3.42
Triceps (mm) 13 30 11.73 4.73 6.401 0.003
14 30 8.23 3.45
12 30 5.73 3.82
Subscapular (mm) 13 30 9.60 5.67 6.637 0.002
14 30 6.20 3.70
12 30 5.60 3.94
Suprailiac (mm) 13 30 8.57 4.58 5.157 0.008
14 30 5.80 3.39
12 30 12.43 5.82
Fat Percentage (%) 13 30 17.97 6.91 13.811 0.000
14 30 19.97 421
12 30 4.49 3.01
Fat Mass (kg) 13 30 7.44 4.04 5.170 0.008
14 30 5.44 3.76
12 30 29.70 5.73
Lean Body Mass (kg) 13 30 32.37 5.63 10.902 0.000
14 30 36.49 5.66
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Table 3. Post-hoc Tukey (HSD) test of various measurements across different age groups

Variables Groups Groups Mean Diff. Std. Error Sig. Level
12 13 -2.53* 1.01 0.04
14 0.97 1.01 0.61
Triceps 13 12 2.53* 1.01 0.04
14 3.50* 1.01 0.00
14 12 -0.97 1.01 0.61
13 -3.50* 1.01 0.00
12 13 -3.87* 1.16 0.00
14 -0.47 1.16 0.91
12 3.87* 1.16 0.00
Subscapular 13 14 3.40% 116 001
14 12 0.47 1.16 0.91
13 -3.40* 1.16 0.01
12 13 -2.97* 1.03 0.01
14 -0.20 1.03 0.98
Suprailiac 13 12 2.97* 1.03 0.01
14 2.77* 1.03 0.02
14 12 0.20 1.03 0.98
13 -2.77* 1.03 0.02
12 13 -5.53* 1.49 0.00
14 -7.54* 1.49 0.00
12 5.53* 1.49 0.00
Fat Percentage 13 14 200 149 0.37
14 12 7.54* 1.49 0.00
13 2.00 1.49 0.37
12 13 -2.95* 0.94 0.01
14 -0.96 0.94 0.57
12 2.95% 0.94 0.01
Fat Mass 13 14 2.00 0.94 0.09
14 12 0.96 0.94 0.57
13 -2.00 0.94 0.09
12 13 -2.68 1.47 0.17
14 -6.79* 1.47 0.00
Lean Body 13 12 2.68 1.47 0.17
Mass 14 -4.12* 1.47 0.02
14 12 6.79* 1.47 0.00
13 4.12* 1.47 0.02

*. The mean difference is significant at the 0.05 level.

These changes reflect the onset of puberty, a period characterized by hormonally driven acceleration in
muscle and bone development (35, 36). Notably, BMI did not differ significantly across groups, indicating
that increases in weight were proportionate to increases in height—a pattern that mirrors previous findings
on adolescent growth (37, 38). Significant variations were observed, however, in triceps, subscapular, and
suprailiac skinfold thicknesses, as well as in fat percentage, fat mass, and lean body mass. These results
reinforce the understanding that adolescence involves not only linear growth but also substantial shifts in
body composition (32). The elevated skinfold thickness and fat percentage observed at age 13, followed
by further increases in lean body mass at age 14, support current developmental models that describe fat
deposition preceding muscle hypertrophy during puberty (39, 40). This pattern is particularly relevant
considering that peak adiposity typically occurs early in puberty, after which fat levels decline and muscle
mass increases—especially in males (41, 42). A comprehensive understanding of adolescent development
requires consideration of hormonal influences, body composition changes, and lifestyle factors. Rising
hormone levels enhance protein metabolism, contributing to increased muscle mass during this stage (43,
44). The minimal variation in BMI across groups further supports critiques of BMI as a sole indicator of
body composition, as it does not distinguish between fat mass and fat-free mass (45, 46). The current
findings underscore the need for more specific measures—such as skinfold thickness and body fat
percentage—to accurately monitor developmental changes. Moreover, activity level plays a key role in
shaping body composition; physically active adolescents typically have lower fat mass and higher lean
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body mass compared to their inactive peers (47). Anthropometric measures can therefore be useful tools
for identifying youths with athletic potential (48). Routine screening, early detection of abnormalities, and
targeted corrective interventions are essential for preventing injuries, maintaining health, and optimizing
performance in competitive sports (49).

In summary, these findings highlight the importance of individualized and multidimensional assessment
approaches when evaluating adolescent development. Such strategies can guide targeted interventions that
promote healthy growth. Future research should incorporate sex-based comparisons, pubertal staging,
nutritional assessment, and physical activity measures to provide a more comprehensive understanding of
physiological changes during adolescence. Despite the value of the present findings, several limitations
should be acknowledged. The relatively small sample size may limit the generalizability of the results.
Additionally, only three skinfold sites were measured; using seven or more sites would provide a more
complete assessment of body composition. The absence of Tanner staging restricts interpretation of
variation associated with pubertal development. Furthermore, physical activity levels and nutritional status
were not assessed, although both factors can strongly influence body composition. A potential clustering
effect based on school characteristics may also have influenced the findings. Future studies should include
larger and more diverse samples, incorporate pubertal assessment, and evaluate physical activity and
dietary intake. Despite its limitations, this study provides valuable preliminary data on height, BMI, body
fat percentage, and other anthropometric characteristics among school-aged boys, offering a foundation for
subsequent research in this area. By measuring triceps, subscapular, and suprailiac skinfolds to estimate
body fat percentage, fat mass, and lean body mass, this work offers practical insights for parents, coaches,
and educators. These findings may support a better understanding of children’s growth patterns and assist
school sports instructors in identifying and selecting potential young athletes more effectively.

5. Conclusion

The results showed significant age-group differences in body composition among schoolboys aged 12 to
14 years in Jashore, Bangladesh. Triceps, subscapular, and suprailiac skinfold thicknesses, as well as fat
mass, peaked at age 13, whereas body fat percentage was highest at age 14. Lean body mass was also
significantly higher at age 14 compared to both younger groups. These findings reflect measurable
differences in body composition across age groups rather than developmental progression. The study
underscores the value of routine anthropometric assessments to support age-appropriate health and
nutrition strategies in school settings.
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