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Exploring Body Composition of Pre-adolescent
Schoolers based on Skinfold Thickness and Arm
Girth for Assessing Anthropometry
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Abstract:

Background: Early nutrition plays a pivotal role in shaping long-term health and well-being during adulthood and beyond. Nevertheless, there has
been limited exploration into methods for assessing the nutritional status of Bangladeshi pre-adolescent schoolers through anthropometric
measurements, encompassing weight, height, skinfold thickness, circumferences (such as head and waist), and limb lengths (including shoulder
and wrist). Evaluating nutritional conditions using these measurements reveals variations among different groups, such as boys versus girls and
distinctions between rural and urban areas. Part of this study have been adopted from earlier 4 studies but on extrapolating data from the database
of Anthropometric Somatotype of Government Primary School Children in Dhaka City.

Materials & Methods: A descriptive cross-sectional study was conducted among 400 government elementary school students aged between 9 and
12 years. Data was collected using a semi-structured questionnaire and analyzed using SPSS.

Findings: Percentage of body fat, total body fat & skinfold thickness of the groups of boys were higher than same age group of girls. Girls BMI ranges
are higher than the same age group of boys. In the matter of Body Surface Area, girl child of 9 year has less BSA than 9year age boys, as age goes up
the scenario changes gradually. 9-10-year-old boys have higher Arm grith than those age of girls, 10-12 years old girls tend to have higher calf grith
than boys of same age group.

Keywords: Triceps, subscapular, suprailiac, anthropometry, calf girth, arm girth, total fat percentage.

Introduction

The assessment of body composition in childhood can
be performed with several sophisticated techniques, but
in many circumstances, it is more desirable to utilize
widely available and simple techniques such as
anthropometry.'
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Anthropometry has a long history of measuring
individual nutritional and health condition since it is a
low-cost, non-invasive technology that offers extensive
information on various body structure components,
particularly muscle and fat components.>? Furthermore,
anthropometric measures are very sensitive to a wide
range of nutritional status, whereas biochemical and
clinical indicators are only relevant in cases of severe
nutrition. Anthropometry is the science of measuring the
human body in respect of bone, muscle, and adipose
tissue measurements.* In a word, it is a scientific
discipline that deals with the measuring of the human
body.> Anthropometric measurements include

1. Weight

2. Height (Standing height, recumbent length)
3. Skinfold thickness
4

5

Circumferences (head, waist, arm)
Limb length (shoulder, wrist)?

Body mass index (BMI) and mid-upper-arm-
circumference (MUAC) are one of the most important
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and trustworthy of the regularly used anthropometric
measure. Anthropometric measures may be used to
calculate a variety of indices and ratios. The body mass
index, or "BMI is perhaps the most well-known metric of
body fat and is widely regarded as a triable metric for
determining chronic energy shortage in people
particularly in underdeveloped nations?*. It has strong
relationship with fat and fat-free mass, therefore it may
be used to assess the body's protein and fat stores? .The
ratio is roughly constant in normal individuals and
someone with a low BMI is underweight for their height."
However, there are several drawbacks to relying just on
BMI, for example, the ratio of sitting to standing height or
the cormic index might affect BMI. The cormic index
varies across and among populations.®

As a result, without using the cormic index as a correction
factor, the sensitivity and specificity of BMI as a nutrition
indicator may be poor. Because humans tend to lose fat
free mass and gain fat mass as they get older, ageing can
affect the functional import BMI at various ages: . The
importance of BMI can also be influenced by oedema.
When adults are extremely undernourished, they may
develop oedema, which falsely mises their weight,
making their BMI look more normal than it is 7.
Furthermore, the BMI's universal cut-off cannot be used
across diverse populations. As a result, BMI's use as an
accurate screening tool for assessing adult
undernutrition is limited. Body surface area was designed
as a metric for modulating different pharmacological
therapies as well as a standard tool for indexing various
physiologic parameters including glomerular filtration
rate and cardiac output.® There are several methods for
calculating an individual's body surface area (BSA).

Skinfold thickness is a simple means of estimating body
composition which is widely used in children®. Now a
days childhood obesity is a common health problem in
Bangladesh because of its association with increased risk
of hypertension, coronary heart disease, diabetes and
certain types of cancer. Skinfold thickness is also a good
method to measure level of fatness because it directly
measures subcutaneous fat layers.'® Very low values of
skinfold thickness indicate the depleted calorie reserves
of the body and are correlated with malnutrition. So, this
is a good predator of health and chronic disease.
Skinfold thickness is also used to calculate anthropometric
somatotype.

Assessment of total body fat and percentage of body fat
is important in the management of diseases like obesity,
cardiovascular diseases and type 2 diabetes mellitus.™ It
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is also a good method to measure level of fatness
because it directly measures subcutaneous fat layers by
measuring skinfold thickness''. Different body size,
shape and proportions are beneficial in different physical
activities. Physical abilities of the players have marked
effects on the skill of players and the tactics of the team.
To evaluate these physical abilities parameters of the
body composition such as the percent body fat and
somatotype components are often used. '

Measurements of upper arm girth and calf girth can be
performed to detect alterations from physiological
growth. It reflects inadequate or excess food intake,
insufficient exercise and disease. Upper arm girth and
call girth measurements are also used in determination
of somatotype' which has a relatively long tradition in
human biology, including changes during growth and
maturation. There is limited study specifically looking
at anthropometric measurements including height,
weight, bi-epicondylar breadth of the humerus and
femur, BMI and BSA, despite the fact that anthropometric
measurements are often used to assess nutritional status
across the world, including Bangladesh. Therefore, the
purpose of this study was to determine whether primary
school pupils had the aforementioned anthropometric
measures.

Materials&Methods:
Study Type

The study was cross sectional study.

Study Place

This present study was conducted in the department of
Anatomy, Dhaka Medical College, Dhaka & was
performed on government primary school children.

Study Population

Study population was primary school children, age
range 9-12 years. Among 580 students, 400 participated
in the study. Half of the population were boys and half
were girls. The study population was divided into three
groups A, B, C according to age and sex of the subject.
Group A include age 9-10 years, group B include age
10-11 years and group C include age 11-12 years old
children. Each group was subdivided into A1, B1, C1, for
boys and A2, B2, and C2, for girls.

Study Period

The study was conducted from January 2012 to
December 2012.
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Selection of Criteria
A. Inclusion Criteria

The subjects were from 9 years to 12years, the students
of class lll to class V.

B. Exclusion criteria

Children with any disabilities or chronic condition were
excluded from the study.

Sample Size

Study population was 400 government primary school
children. Out of 400 children, 200were boys and 200
were girls.

Sampling techniques

Convenient sampling technique was followed to select
the needed sample.

Study instrument and study tool

Data was collected using a semi-structured questionnaire.
This questionnaire was adapted from earlier research
and modified to fit the needs and circumstances of the
study purpose. This questionnaire was approved by
faculty members of Dept. of Anatomy & MRU in DMC. The
developed tool was pretested with 20 students to test
the feasibility of the proposed study.

Interview procedure

Students were contacted in their classroom before or
after lectures for data collection after obtaining students
assent and parental or legal guardian consent. Study
objectives was explained before data collection.

Anthropometric measurements

Anthropometric measurements w, e re taken following
standard protocol and instrument . The height of the
body was measured by stadiometer in centimeters (cm)
and the weight was measured by weighing scale in
kilogram (kg). Bi-epicondylar breadth of the humerus
and femur was measured by a digital slide caliper in
centimeters (cm). Bi-epicondylar breadth of the humerus
was determined by measuring the distance between the
medial and lateral epicondyles of the humerus, with the
shoulder and elbow flexed to 90 degrees and bi-
epicondylar breadth of the femur was determined by
measuring the greatest distance between the lateral and
medial epicondyles of the femur. Body Mass Index (BMI)
has been calculated using the formula mentioned below
and Body Surface Area (BSA) was calculated by following
Du Bois’s formula as mentioned in introduction section.
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BMI = weight in Kg / (height in meter) 2
BSA = 0.007184xHeight(m)"0.725xWeight(kg)"0.425

Skinfolds were measured by skinfold caliper in mm. A
fold of skin and subcutaneous tissue was firmly pinched
between thumb and forefinger and away from the
underlying muscle at the marked site. Then the skinfold
caliper was placed 1cm below the fingers of the left hand
to measure thickness of the fold. During measurement
the subject was asked to stand relaxed, except for the
medial calf skinfold which was taken with the subject
seated .7

Triceps skinfold was taken with the subject's arm
hanging loosely in the anatomical position. A line was
drawn at the back of the arm connecting the acromion
and the olecranon processes. A midpoint of the line was
determined. Then a fold was raised at the determined
site and measurement was taken.’

Subscapular skinfold was taken by raising the fold on a
line from the inferior angle of the scapula in a direction
that was obliquely downwards and laterally at 45
degrees?’.

A point was taken 5-7 cm above the anterior superior
iliac spine at the junction of a line to the anterior axillary
border and a diagonal line going downwards and
medially at 45 degrees. Then suprailiac skinfold was
measured by raising the fold at the point!’.

Percentage of body fat (BF%) was calculated by
Slaughter et al equations®.

Boys = 1.21 (sum of 2 skinfolds) — 0.008 (sum of 2
skinfolds)? — 1.7

Girls = 1.33 (sum of 2 skinfolds) — 0.013 (sum of 2
skinfolds)? — 2.5

[BF% for children with triceps and subscapular skinfolds
<35 mm]

Boys = 0.783 (sum of 2 skinfolds)- 1.7

Girls = 0.546 (sum of 2 skinfolds) + 9.7
[BF% for children with triceps and subscapular skinfolds
>35 mm]

Total body fat was calculated by following formula®3.

Total body fat (kg) = (Percentage of body fat / 100) x Body
mass (kg)
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Upper arm girth was measured by a standardized flexible
ribbon tape in cm. The subject was asked to flex the
shoulder to 90 degrees and the elbow to 45 degrees.
Then the children were asked to clasp the hand and
maximally contract the elbow flexors and extensors.
Then midpoint of upper arm was determined and upper
arm girth was measured.’

Calf girth was measured by a standardized flexible
ribbon tape in cm. The children were asked to stand with
feet at a distant. Then maximum calf girth was measured
around the calf.'”
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Statistical analysis

All data were checked and edited after collection. Later
on, the data were inputted and analyzed using SPSS
version 17.0 for windows. Statistical analyses were done
by unpaired student’s ‘t’ test.

Result

Percentage of body fat and total body fat of group A2, B2
and C2 were significantly greater than group A1, B1 and
C1(P<0.001). In the present study, total body fat of Az, B2
and C, were higher than A4, B; and C4 (P<0.001).

Table-1: Percentage of body fat and total body fat of boys and girls of Government primary school (n=400)

Group Percentage of body fat Total body fat (kg) P value
(Mean £ SD) (Mean £ SD)

A1(n=68) 10.10+2.47(6.37-20.18) 2.55+0.75 (1.28-5.85) 0.0001%**

Az(n=68) 13.30+4.37(6.17-25.70) 3.32+1.30 (1.1-7.96)

B1(n=66) 10.69+3.72(3.87-21.04) | 2.85+1.27(1.04-6.63) 0.0001%**

B2(n=66) 14.28+3.99 (7.58 -29.35) 4.41+2.12 (1.59-14.38)

C1(n=66) 11.71+3.55(6.37-22.73) | 3.38+1.35(1.53-8.07) 0.0001%**

C2(n=66) 15.71+4.65 (4.33-26.23) 5.35+2.47 (1.68-12.27)

Triceps’, subscapular, suprailiac and medial calf skinfold of group A2, B2 and C2 were significantly greater than group

Al, B1 and C1.

Table-2: Subscapular skinfold, suprailiac skinfold, Medial calf skinfold of boys and girls of Government

primary school (n=400)

Suprailiac skinfold(mm)
(Mean + SD)

Medial calf skinfold(mm)
(Mean £ SD)

4.29+1.44(2.00-9.00)
6.11+2.28(2.25-14.00)
0.0001*+

6.01+1.78(3.00-12.00)
7.98+2.37(3.00-12.00)
0.0001*+

4.32+2.12(2.00-10.50)
6.73£2.35 (3.00-14.00)
0.0001***

7.16+2.26(2.25-14.00)
8.15+2.76(3.00-18.00)
0.026*

Group Subscapular skinfold (mm)
(Mean + SD)

A1(n=68) 4.51+1.15(2.00-9.00)
A2(n=68) 5.85+2.27 (3.00-14.00)

P value 0.0001***
B1(n=66) 4.64+1.73(2.00-10.00)
B2(n=66) 6.95+2.51(2.50-16.00)
P value 0.0001***
C1(n=66) 5.10+1.71(3.00-11.00)
C2(n=66) 7.53+2.67(3.75-16.00)
P value 0.0001***

5.23+2.24(2.00-12.00)
7.64+3.01 (3.00-16.00)
0.0001*+

7.66+2.49(4.00-14.00)
8.73+3.15(3.00-18.00)
0.031*
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Body mass index of A1 and A2 groups ranged from
11.60-16.60 kg/m2 and 10.90-17.60 kg/m2, respectively
and the mean (SD) BMI were 13.66+1.09 kg/m? and 13.80

1.34 kg/m3, respectively. No significant difference in BMI
was observed between Al and A2 study groups (p-
0.517). The BMI of B1 and B2 groups ranged from
10.40-18.30 kg/m2 and 10.70-22.60 kg/mz2, respectively
and the mean (SD) body mass index were 13.92+1.51
kg/m2 and 14.65+2.26 kg/mz, respectively.

Body mass index of B2 was greater than B1 study group
(p<0.05). Body mass index of C1 and C2 groups ranged
from 12.30-18.00 kg/m2 and 11.10-23.10 kg/m?,
respectively and the mean (SD) body mass index were
14.29+1.28 kg/m2 and 15.57+2.42 kg/mz?, respectively.
The BMI of C2 was greater than C1 study group
(p<0.001).
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Body surface area (BSA) of boys and girls government
primary school of Body surface area of A1 and A2 groups
ranged from 0.87-1.13 m2 and 0.84-1.31 m?, respectively
and the mean (£SD) body surface area were 0.99+0.05 m?
and 0.97 0.08 m?, respectively. No significant difference in
body surface area was observed between Al and A2
study groups (p=0.264). The BSA of B1 and B2 groups
ranged from 0.89-1.25 m2 and 0.89-1.41 m?, respectively
and the mean (SD) body surface area were 1.02+0.08 m?
and 1.10+0.12 m?, respectively. Body surface area of B2
group was greater than B1 study group (p<0.001). The
BSA of C1 and C2 was ranged from 0.91-1.30 m2 and
0.97-1.47 m?, respectively and the mean (SD) body
surface area were 1.07 0.08 m2 and 1.17+0.11 m?,
respectively. Body surface area of C2 group was greater
than CI study group (p<0.001). B1 group's bi-epicondylar
femur width was higher than B2 group. B2 group's body
surface area was larger than B1 group. Body surface area
of the C2 group was greater than C1 group. (p<0.001).

Table-3: Body Mass Index of boys and girls of Government primary school (n=400)

Boys Girls P value

Group N Body Mass Index Group N Body Mass Index

(BMI)Kg/m? (BMI)Kg/m?

(Mean £SD) (Mean +SD)
Group A1 68 13.66+1.09 Group A2 68 13.80+1.34 <0.517
Group Bz 66 13.92+1.51 Group B2 66 14.65+2.26 <0.033
Group C1 66 14.29+1.28 Group C2 66 15.57+2.42 <0.001
Total 200 Total 200
Table-4: Body surface area of boys and girls of Government primary school (n=400)
Group Gender Body surface area (m?2) P value

(Mean = SD)

Group Al (n=68) Boys 0.99+0.05 0.264
Group A2(n=68) Girls 0.97+0.08
Group B1(n=66) Boys 1.02+0.08 <0.001
Group B2(n=66) Girls 1.10+0.12
Group C1(n=66) Boys 1.07+0.08 <0.001
Group C2(n=66) Girls 1.17+0.11
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Gender percentage as per age shown in figure 1

Gender

W Boys9to<10 m Girls9to <10 = Boys 10to <11

Girls 10 to <11 W Boys 11to<12 " Boys11to<12

Figure-1 Gender Percentage of Study Populations
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Figure-2 Triceps skinfold of boys and girls of
government primary school

Triceps’ skinfold of group A2, B2 and C2
significantly greater than group Al, B1 and C1
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Figure-3: Total Body Fat of boys and girls of
government primary school
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Total Body Fat of group A2, B2 and C2 were significantly
greater than group Al, B1 and C1

1 Boys
@ Girls

Total Body Fat in mm (Mean+SD)
b

Al A2
9+ years

B1 B2
10+ years

Cl1 C2
11+ years

Figure-4 Upper arm girth of boys and girls of
government primary school

Upper arm girth of group A1l were significantly higher
than group A2, B2 were significantly higher than B1. No
significant up difference in upper arm in girth between
group C1 gr and C2. A Calf girth of group B2 and C2 were
significantly higher than group B1 and C1. No significant
difference in calf girth between group Al and A2. B2
group had a greater weight than B1 group (p<0.001),
where C2 was heavier than the C1 group. Al group's
bi-epicondylar width of the humerus was greater than
the A2 group (p<0.05) and B2 group was higher than B1

group.

Discussion

An anthropometric examination of nutritional status was
done in the current study. A cohort of children (9-12
years old) from four public primary schools in the city of
Dhaka that was diverse in terms of gender, family
income, and age were specially chosen. It can give a
picture of health and nutritional situation of Bangladeshi
school going children.

Boys and girls aged 9 to 10 exhibited average heights of
135.01+3.70 cm and 133.4316.62 cm, along with average
weights of 24.88+2.27 kg and 24.65+3.39 kg,
respectively. In the 10-11 age group, boys had mean
heights and weights of 136.89+5.04 cm and 26.14+3.57
kg, while girls had mean heights and weights of
141.894+6.64 cm and 29.49+5.78 kg, respectively.
Notably, in this age group, girls surpassed boys in both
height and weight. As participants progressed to the
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11-12 age group, mean heights were 140.70+5.24 cm for
boys and 145.42+5.86 cm for girls, with mean weights of
28.3913.54 kg and 32.90+6.04 kg, respectively.

According to South Indian study, Boys become taller
than girls from 14 years and girls become heavier than
boys from 10 years; however, there is a crossing over (no
difference) in weight at 15 years and from 16 years of age,
the boys become heavier 18

In terms of skinfold measurements, group A2, B2, and C2
demonstrated significantly higher subscapular skinfold
compared to group Al, B1, and C1 (P<0.001). Similarly,
suprailiac skinfold measurements in group A2, B2, and
C2 were significantly elevated compared to group Al, B1,
and C1 (P<0.001). The medial calf skinfold in group A2,
B2, and C2 was significantly higher than in group Al
(P<0.001), as well as in comparison to group B1 and C1
(P<0.05).

Our study used both skinfold thickness and BMI to
measure fat mass, fat-free mass, and % body fat.
However, Astrid CJ Nooyens et al. (2007) suggests
skinfold thickness over BMI to measure body fatness 2

Total body fat of A,, B, and C,were higher than A4, B;and
C1 (P<0.001) which express girls had more fat in body
then boys. Percentage of body fat also shows same kind
of result.

A higher fat mass among girls than boys and higher %
body fat in girls than boys were observed in the current
study. However, Soledad Aguado-Henche et al. (2011)
observed no gender-specific difference 2°. However,
Jaydip Sen & Nitish Mondal (2013) reported a sex-specific
significant difference in FM and FFM among children
5-12 years in West Bengal, India 2'. Zhang Ying-Xiu,
Wang Shu-Rong et al found percentile values for triceps
and subscapular SFs of Chinese and American children
were lower than the per-centiles of boys and girls in the
present study, performed in 8568 Chinese ,783 North-
American children and adolescents .22

Body mass index values for boys and girls aged 9 to 10
were 13.66+1.09 and 13.80+1.34 kg/m?, respectively, in
the current study. These two groups had no significant
statistical difference between them. Boys and girls aged
10 to 11 had mean body mass indices of 13.92+1.51
kg/m? and 14.65+2.26 kg/m?, respectively. Statistics
showed that this difference was not significant. Boys and
girls between the ages of 11 and 12 had mean BMls of
14.29+1.28 kg/m? and 15.57+2.42 kg/m?, respectively.
BMI values were higher in girls than boys and increased
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as the age of the participants increased. The BMI values
for different age categories in the present study were
smaller than similar studies conducted in Bangladesh
and India.?32* Observed results were found to be similar
in a study conducted among vegetarian and non-
vegetarian Nepalese children.?> According to World
Health Organization’s (WHO) growth reference for 5-19
years, the present study populations, the students are
found to be underweight.

Boys and girls aged 9 to 10 showed calculated mean
body surface areas (BSAs) of 0.99£0.05 m2 and 0.97+0.08
mz, respectively, with no discernible correlation between
the two groups. In the 10-11 age group, boys had mean
BSAs of 1.02+0.08 m2, while girls exhibited a slightly
higher value of 1.10+0.12 m2. This variation was
statistically noteworthy. 1.07+0.08 m2 and 1.17+0.11 m?
was mean BSAs respectively of boys and girls between
the ages of 11 and 12. Additionally, this distinction was
statistically significant.

Limitations

The present study has certain limitations. Firstly, no
information was collected on parental education,
lifestyle-related variables. Hence, it was not possible to
explore the dietary habits or physical activity behavior of
children. Secondly, data were collected from students of
four schools in the Dhaka district. Hence, the present
results might not be generalizable to all school children
in Bangladesh. The study was performed based upon
earlier 4 published reports.26-29

Recommendation

It could be beneficial to conduct more research with a
larger sample size and a proportionate number of
samples from various categorical variables to
comprehend the children's nutritional status and its
predictive factors. Studies with different categories like
industrial workers, job holders, day laborers, and
sportsmen are recommended. Recording the medical
history of children and families can help us know the
roots of the problems.

Conclusion

Analyses of body composition and anthropometric
measurements indicated that children's nutritional
status was below the standard requirement. This study
represents a summary of 4 published papers only
because we intended to publish summarized zest or
extracts from each of those morphometric studies to
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show in one place or study. This will assist our
postgraduate or graduate students not only doctors but
also for nutritionists. Findings of this study remains more
prudent method or technique to yield better findings
which remains more valuable in terms of digging out
integrated anthropometric values yet being more useful
and valuable an approach to show children's nutritional
status & /or morphometric assessments.
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