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Anthropometry, sex Childhood sexual dimorphism in anthropometric traits reflects both biological and
differences, nutritional socioeconomic factors. Recognizing gender differences in growth and nutrition requires
status, children, Weight- understanding these trends. This study aimed to explore sex-based differences in anthropometric
for-Age Z-score, Height- characteristics and nutritional status using WHO indicators. This cross-sectional study was
for-Age Z-score, Body Mass | conducted among 509 children aged 4-10 years residing in slum areas of Habra, North 24
Index-for-Age Z-score Parganas, West Bengal. Various anthropometric measurements — including height, weight, head

and chest circumference, mid-upper arm circumference (IMUAC), waist and hip circumference,
and skinfold thickness — were collected using standardized methods. Nutritional status was
assessed using WHO growth standards (WAZ, HAZ, and BAZ). Results show significant sex-
based differences in height (P=0.001**), weight (P=0.010%), head circumference (P=0.033%),
chest circumference (P=0.002*%), MUAC (P=0.003*"), waist circumference (P=0.001"*),
hip circumference (P<0.001**), and biceps skinfold (P=0.036%) based on t-test analysis.
Compared to boys, girls had a higher prevalence of stunting (40.40%), underweight (43.60%),
and undernutrition (27.60%). The study concludes that sexual dimorphism is evident in several
anthropometric traits, highlighting the necessity of gender-sensitive nutrition policies

Introduction

Due to various factors, including genetics, hormones, and environmental influences, sexual differences
occur and can be further affected by nutrition, lifestyle choices, and socioeconomic conditions. Previous
studies have shown that sex and socioeconomic factors significantly influence children’s nutritional
outcomes.

In vulnerable populations where nutrition, healthcare facilities, and sanitation are severely limited,
people often suffer from malnutrition, especially in India. The influence of anthropometric differences
between boys and girls is crucial for addressing health inequalities. To assess patterns of growth and
nutritional status in children, anthropometric measurements such as height, weight, head circumference,
waist circumference, hip circumference, mid-upper arm circumference (MUAC), biceps, and triceps
skinfolds are commonly used (WHO, 2006).

Globally, numerous studies suggest that in early life, boys are at greater risk of undernutrition. Wamani

et al. report that, particularly in sub-Saharan Africa, males are more susceptible than females to wasting
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and stunting (Wamani ez /., 2007). These discrepancies may result from boys™ higher metabolic rates,
faster development, and greater susceptibility to disease during infancy (Thurstans ez 4/., 2020). This
childhood health vulnerability may persist into older age groups. In terms of BMI, men in the young-old
age range (57-70 years) have a larger trunk mass than women; however, no such disparities are observed
in the older age group (71-77 years) (Fragala ez al., 2012). Women’s body mass and fat-free mass (FFM)
are lower than men’s (p<0.01), while their percentage of fat and FFM is higher and shorter (p<0.01)
(Abe ez al., 2003).

In various South Asian studies, it is evident that females are more disadvantaged in anthropometric
outcomes due to gender-biased caregiving and food allocation practices. The mean values of head
circumference, chest circumference, waist circumference, and skinfold measurements such as biceps
and triceps are higher in boys than in girls, while the mean values of BMI, hip circumference, and mid-
upper arm circumference are lower in males (Mitra e al., 2017). Between the ages of 9 and 13, girls’
average height is slightly higher than boys] but between 14 and 16, boys’ average height increases. Because
girls begin secreting different hormones earlier than boys, they may experience advanced physical and
mental maturity, which could explain their earlier height increase. BMI showed a similar trend to height
(Sengupta et al., 2016).

Adolescents from lower socioeconomic status (SES) had a lower risk of stunting compared to those
from medium and higher SES. Boys and girls had lower odds of being underweight and stunted (OR,
0.29 [P<0.01] and OR, 0.29 [P<0.001], respectively). Stunting (15% and 6%) and underweight (5% and
2%) were more common in boys than in girls. Teenagers who were pubescent had a lower risk of stunting
than those who were not (OR, 0.53; P<0.05) (Dapi ez 4/., 2009). One study found that 59.8% of men
had low body fat and 5.2% had high body fat, while women showed the opposite pattern, with 14.0%
having low body fat and 24.0% having excessive body fat (Pradeilles ez 4/., 2015).

Objectives
The present study aims to

1. Determine the anthropometric and nutritional differences between boys and girls among slum
dwellers.

2. Assess the degree of sexual dimorphism in various anthropometric characteristics of the present
population.

3. Differentiate the underlying growth and body composition patterns between the sexes among
children of slum dwellers.

4. Examine the influence of socioeconomic factors and sex on various anthropometric and
nutritional outcomes.

Materials and Methods

This cross-sectional study explores sex-based variation in anthropometric variables and nutritional
status in relation to socio-economic conditions among 509 children (259 boys and 250 girls) aged 4 to
10 years from slum-dwelling families in North 24 Parganas, West Bengal.

Anthropometric measurements, including height, weight, various circumferences, and skinfold
thickness, were obtained using standard techniques. Anthropometric indices such as BMI were
calculated using the formula: weight (kg) divided by height (m*). Nutritional status, including stunting,
underweight, thinness, and overweight, was assessed using WHO growth standards (Z scores for height-
for-age, weight-for-age, and BMI-for-age). These indicators were classified using WHO Z-score cut-
offs (<-2 SD for undernutrition, >+2 SD for overweight). Socio-economic data, such as family income
(categorized as lower lower income group [<8000 per month], lower middle income group [8000—10000
per month], and lower upper income group [>10000 per month]) and parental occupation (categorized
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as service, business, and others), were collected through a structured schedule.

Data were analyzed using SPSS v.16. To assess differences in anthropometric variables and nutritional
status between sexes, statistical analyses including t-tests, Cohen’s d, Sexual Dimorphism Index (SDI), and
Principal Component Analysis (PCA) were performed. Multiple regression models were constructed to
examine the effects of various socio-economic factors on anthropometric outcomes by sex.

Result

Table 1 presents descriptive statistics for each anthropometric variable among 509 children (259 boys
and 250 girls). The results show that boys had higher average values across most measurements compared
to gitls. Boys had a greater mean height (117.01 cm) than girls (113.21 cm), and girls had a lower mean
weight (19.03 kg) compared to boys ( 20.34 kg). Notable differences between sexes were also observed
in head circumference (48.84 cm vs. 48.40 cm), chest circumference (55.40 cm vs. 54.09 cm), MUAC
(15.89 cm vs. 15.21 cm), waist circumference (52.60 cm vs. 51.23 cm), and hip circumference (56.71 cm
vs. 54.66 cm). For skinfold measurements, such as biceps and triceps, values were slightly higher in boys,
while BMI values were nearly identical.

Table 2 shows the degree of sexual dimorphism across all anthropometric characteristics using
the t-test, Cohen’s d, and the sexual dimorphism index (SDI). In most variables, sex differences are
evident. Notably, height (p=0.001, d=0.32, SDI=3.42%), weight (p=0.010 , d=0.23, SDI1=6.91%),
chest circumference (p=0.002, d=0.28, SD1=2.42%), waist circumference (p=0.001, d=0.31, SDI=2.
67%), and hip circumference (p<0.001, d=0.33, SDI=3.75%) showed statistically significant sexual
dimorphism with moderate effect sizes. Interestingly, biceps skinfold thickness had a higher SDI (7.14%)
despite a small effect size (d=0.19), indicating a notable biological distinction despite limited statistical
support. In contrast, head circumference showed statistical significance (p=0.033) but a very low SDI
(0.91%) and small effect size (d=0.19), suggesting minimal biological variation between sexes. BMI and
triceps also showed very small effect sizes (d=0.03 and 0.16, respectively), low SDI values (0.42% and
5.01%, respectively), and were not statistically significant (p=0.697 and 0.800, respectively).

Table 3 shows a notable gender difference in nutritional status classification. Girls were more likely to
be stunted (40.40% vs. 31.30%) than boys. Similarly, girls were more likely to be underweight (43.60%
vs. 32.40%) and undernourished (27.60% vs. 13.10%). The mean z-scores of all nutritional indicators,

such as HAZ (-1.01 vs. -0.49), WAZ (-1.48 vs. -1.00), and BAZ (-1.20 vs. -0.92), were lower in gitls.
Opverall, females fare worse than boys, suggesting they are more undernourished in this society.

Figure 1 presents the scree plot from principal component analysis. Eigenvalues greater than 1 suggest
that four components were extracted in both sexes to explain more variation in anthropometric and
nutritional data. The lines nearly flatten after the fourth component, indicating that the remaining
components contribute little.

Tables 4 and 5 present principal component analysis for boys and gitls, respectively, to identify the
primary factors affecting growth and body composition. In boys, the first component loaded strongly on
HAZ (0.892) and WAZ (0.808), indicating general growth. Among girls, the first component loaded
highly on height (0.768), weight (0.717), waist circumference (0.805), and hip circumference (0.855),
indicating overall body size. The third component was strongly linked to HAZ (0.911) and WAZ (0.813),
suggesting linear growth in girls, while in boys, hip circumference (0.768), MUAC (0.760), and weight
(0.596) loaded strongly. In both boys and girls, the fourth component represents nutritional status (BMI
=0.928 and BAZ = 0.948) and skinfold measurements (biceps = 0.946, triceps = 0.949), indicating fat
distribution.

Table 6 presents anthropometric characteristics influenced by sex and socio-economic interactions.
Socio-economic factors, particularly family income, significantly affect certain anthropometric
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characteristics, such as head circumference (p=0.001), MUAC (p<0.001), and hip circumference
(p<0.001), with different effects for each sex. In the interaction between sex and mother’s occupation,
MUAC (p=0.045) showsasignificant effect. Father’s occupation does not show any significant interaction
with sex for any anthropometric variables.

Figure 2 compares all nutritional indicators for both sexes across various income groups. In the lower-
income group, stunting is more prevalent among girls in the HAZ category. In the WAZ category, an
inverse relationship between income and the prevalence of underweight was observed among boys. For
the BAZ category, boys show a better nutritional profile at all income levels, while undernutrition is more
common among gitls in the lower-income group.

Figures 3 and 4 show sex-wise comparisons of nutritional indicators by father’s occupation and
mother’s occupation, respectively. Children whose fathers are skilled laborers or in the “others” category
have better nutritional status in all categories, especially boys, while the gap narrows in the professional
class. Girls are more likely to be underweight and stunted across all parental occupation categories.
Similar trends are observed in Figure 4.

Discussion

The results showed that anthropometric measures were consistently lower in girls. These findings are
consistent with previous studies indicating that girls struggle to achieve better results in HAZ and WAZ
(Nahar & Zahangir, 2024a). Notably, the present study’s findings that girls perform poorly align with
regional evidence. Research in our country indicates that, due to deep-rooted gender biases, girls are more
likely to suffer from stunting, although boys are also biologically vulnerable (Alderman ez 4/., 2021).

The current findings indicate that BAZ is slightly lower in girls than suggested by the prevalence of
undernutrition, and the SD value shows that variation in BMI is also higher among girls. Similar studies
in China have reported that among children aged 6 to 17 years, boys had a higher mean BMIZ (Wang ez
al,2018).

For both boys and gitls, the detailed anthropometric and nutritional data were divided into four
components using principal component analysis (Tables 4 and 5, Fig. 1). For gitls, the first component
corresponded more closely to total body size (height, weight, waist circumference, hip circumference),
while for boys it reflected general growth (high loadings in HAZ and WAZ). According to Marwaha ez
al. (2017), this sex-specific grouping reflects the different patterns of physical development and growth
objectives (Marwaha ez 4/., 2011).

A significant interaction between sex and family income was observed across several anthropometric
measures, including head circumference, MUAC, waist circumference, and hip circumference (Table 6).
This indicates that economic status modifies the relationship between sex and physical growth, with boys
and girls responding differently to income-related resources. Patil ez 4/. (2021) reported similar findings,
noting that income levels had a greater effect on nutritional improvements in boys than in girls. This
supports the idea that houschold resource allocation follows gendered patterns (Prasad ez al., 2021).

Greater parental occupational stability is associated with a lower risk of undernutrition. Children
whose fathers work in business or service sectors have a reduced risk of being underweight and stunted
(Nahar & Zahangir, 2024b). This study also found that parental unemployment was linked to declines
in children’s HAZ and WAZ.

Maternal education influences the prevention of undernutrition (Hossain & Khan, 2018), but this
study emphasizes occupation rather than education. Boys’ growth was more strongly affected by their
mothers’ employment status than girls. Changes in maternal occupation led to sensitivity in HAZ among
boys, while girls remained consistently stunted.
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Conclusion

The present study indicates that the prevalence of undernutrition was higher among girls, as shown by
significantly lower HAZ, WAZ, and BAZ scores compared to boys. Similarly, for some anthropometric
variables such as height, weight, MUAC, and circumferences, the analysis revealed a consistent, moderate
degree of sexual dimorphism, with boys exhibiting noticeably higher mean values than girls. Both
structural and body composition-related dimorphism were confirmed by statistical validation of these
differences using t-tests, Cohen’s d, and the sexual dimorphism index (SDI). PCA results show that girls
had greater diversity in fat distribution, while boys showed a stronger association with body mass and
overall growth. Nutritional outcomes are significantly influenced by parental occupation, especially the
father’s employment status, with unemployment linked to higher rates of stunting and underweight
in children. Notably, boys’” growth is more influenced by their mothers’ employment than that of girls.
These results highlight the need for targeted nutritional interventions and policy support, particularly
for female children and families in insecure employment, to address socioeconomic and gender-based
disparities in child nutrition.
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Table and Figures
Tablel: Sex-wise Distribution of Anthropometric Characteristics among Children (n = 509)

Anthropometric variables Boys Girls Combined
Mean SD Mean SD Mean SD
Height (cm) 117.01 11.84 113.21 13.55 115.15 12.83
Weight (kg) 2034 5.42 19.03 6.00 19.70 574
Head circumference (cm) 48.84 2.30 48.40 2.31 48.62 2.31
Chest Circumference (cm) 55.40 4.64 54.09 4.74 54.75 4.73
MUAC (cm) 15.89 3.23 15.21 1.64 15.56 2.60
Waist Circumference (cm) 52.60 4.62 51.23 4.61 51.92 4.66
Hip Circumference (cm) 56.71 6.13 54.66 6.35 55.71 6.32
Biceps (mm) 4.50 1.65 4.20 1.54 4.35 1.60
Triceps (mm) 7.54 2.35 7.18 2.17 7.36 227
BMI 14.38 1.61 14.32 221 14.35 1.92

Table2: Extent of Sexual dimorphism in Anthropometric Characteristics among Children (n=509)

Anthropometric Variables Dimorphism t-test (p value) Cohen’s d (d value) SDI Value (%)
Height 0.001** 0.32 3.42
Weight 0.010° 0.23 691

Head Circumference 0.033* 0.19 0.91
Chest Circumference 0.002* 0.28 2.42
MUAC 0.003** 0.26 4.47

Waist Circumference 0.001** 0.31 2.67
Hip Circumference <0.001*** 0.33 3.75
Biceps 0.036* 0.19 7.14
Triceps 0.800 0.16 5.01

BMI 0.697 0.03 0.42

p**-Highly significant, p**-Very significant, p *-significant

Table 3: Sex-wise Distribution of Nutritional Indicators among Children (n = 509)

Nutritional Indicators Boys Girls Combined
Stunted (%) 31.30 40.40 35.80
Normal (%) 49.80 46.00 47.90
HAZ
Tall (%) 18.90 13.60 16.30
Mean (SD) -0.49(2.36) -1.01(2.53) -0.74(2.45)
Underweight (%) 32.40 43.60 37.90
Normal (%) 61.00 52.80 57.00
WAZ
Overweight (%) 6.60 3.60 5.10
Mean (SD) -1.00(2.06) -1.48(2.00) -1.24(2.05)
Undernutrition (%) 13.10 27.60 20.20
Normal (%) 86.50 71.20 79.00
BAZ Overweight/Obese (%) 0.40 1.20 0.80
Mean (SD) -0.92(1.11) -1.20(1.47) -1.06(1.31)
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Table 4: Principal Component analysis: Rotated component matrix for Boys (n = 259)

] Component
Variables
1 2 3 4

Height 0.620 0.238 0.543 0.166
Weight 0.567 0.169 0.596 0.375
Head Circumference 0.345 0.569 0.077 -0.035
Chest Circumference 0.462 0.501 0.364 0.274
MUAC -0.121 0.030 0.760 0.055
Waist Circumference 0.477 0.176 0.594 0.273
Hip Circumference 0.362 0.119 0.768 0.163
Biceps 0.026 0.910 0.083 0.101
Triceps 0.022 0919 0.085 0.117
BMI 0.019 0.141 0.197 0.928
HAZ 0.892 0.091 0.044 -0.036
WAZ 0.808 0.086 0.116 0.394
BAZ 0.157 0.053 0.072 0.948

Tables: Principal Component analysis: Rotated component matrix for Girls (n = 250)

. Component
Variables
1 2 3 4

Height 0.768 -0.150 0.483 0.089
Weight 0.717 0.440 0.355 0.036
Head Circumference 0.530 0.213 0.079 0.008
Chest Circumference 0.678 0.141 0.301 0.232
MUAC 0.750 0.239 0.163 0214
Waist Circumference 0.805 0.130 0.126 0.106
Hip Circumference 0.855 0.119 0.079 0.098
Biceps 0.151 0.067 0.070 0.946
Triceps 0.153 0.071 0.014 0.949
BMI 0.253 0.924 -0.019 0.030
HAZ 0.262 -0.123 0911 0.047
WAZ 0.284 0.401 0.813 0.038
BAZ 0.176 0.920 0.091 0.126

Tiable 6: Sex and Socio-economic Interaction on Anthropometric Characteristics among Children (n=509)

Regression model (p value)

Anthropometric variables Sex and Famﬂ.y income Sex a'nd Father’s ' Sex ar'ld Mother’s‘

Interaction Occupation Interaction Occupation Interaction
Height 0.150 0.936 0.157
Weight 0.548 0.907 0.142
Head Circumference 0.001" 0.734 0.258
Chest Circumference 0.093 0.303 0.230
MUAC <0.001™" 0.324 0.045
Waist Circumference 0.001" 0.385 0.975
Hip Circumference <0.001™ 0.950 0.811
Biceps 0.105 0.799 0.155
Triceps 0.129 0.275 0.414
BMI 0.971 0.390 0.935
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Fig 1: Sex-wise Scree plots Depicting Principal Component Extraction
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Fig 2: Sex-wise Comparison of Nutritional Indicators by Various Income group
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Fig 3: Sex-wise Comparison of Nutritional Indicators by Father’s Occupation
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Fig 4: Sex-wise Comparison of Nutritional Indicators by Mother’s Occupation
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