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Abstract
The objective of the study was to analyse selected anthropometric features of children, adolescents and
young adults from middle-class families in Kolkata, India, by BMI and adiposity categories. Standardized
anthropometric measurements of 4194 individuals (1999 male and 2195 female) aged 7–21 were carried
out between the years 2005 and 2011. The results were compared by BMI and adiposity categories.
Statistical significance was assessed using two-way-ANOVA and linear regression analysis was performed.
The study population could be differentiated in terms of BMI and adiposity categories for all examined
anthropometric characteristics (p≤ 0.001). After taking age into consideration, differences were observed
for males in the case of body height and humerus breadth in BMI and adiposity categories, and for femur
breadth in the case of adiposity categories. For females, differences were noted in body height
measurements in BMI and adiposity categories, a sum of skinfold thicknesses in BMI categories, and
upper-arm and calf circumferences in adiposity categories. The patterns of differences in the BMI
categories were found to be similar to those in adiposity categories. The linear regression analysis results
showed that there was a significant relationship between BMI and body fat ratio in the examined
population. Underweight individuals, and those with low adiposity, were characterized by lower extremity
circumferences and skeletal breadths. These features reached highest values in overweight/obese persons,
characterized by high body fat. However, the differences observed between each BMI and adiposity
category, in most cases, were only present in early childhood.

Keywords: BMI; Overweight; Underweight

Introduction
The occurrence of abnormal body weight in children and adults is a common problem all over
the world. Underweight, as well as overweight and obesity, are currently highlighted as being
among the most important threats to human health. According to UNICEF, Southern Asia,
including India, has some of the highest levels of child undernutrition and underweight in the
world (UNICEF & WHO, 2017). This has also been shown to be the case by extensive research
on underweight in children and adolescents in the Indian population (Bamji, 2003; Nandy et al.,
2005). Moreover, these problems more often affect those from the lower social classes and those
living in low-income environments (Chaturvedi et al., 1996; Nandy et al., 2005; Bisai et al., 2008).
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At the same time, India, as a developing country, is currently undergoing numerous socio-
economic changes, which are reflected in modifications in the lifestyles and diets of children
(Yajnik, 2004). For example, the vast majority of teenagers in the country are opting to travel by
car or bus rather than biking or walking (Gamit et al., 2015; Arora et al., 2017). In addition,
nearly 16% of children aged 10–15 declare that they do not participate in any form of physical
activity, and almost 65% exercise for less than 4 hours a week (Hussain et al., 2016). Moreover,
nearly half of Indian adolescents watch TV for more than 7 hours a week (Hussain et al., 2016).
Other studies have shown that over 15% of adolescents spend at least 3 hours a day in front of a
computer (Yadav et al., 2015). Changes in the socioeconomic environment also include the
increase in poor eating habits. For example, Hajare et al. (2016) found that over 36% of teenagers
in India eat ‘junk food’ more than three times a week.

All these factors are contributing to the rising prevalence of overweight and obesity, as well as
increasing amount of fat tissue in the body composition. This, in turn, is associated with the
already observed growing risk of many diseases of affluence in India. In 2000 it was estimated
that more than 12% of the Indian population had Type II diabetes, and a similar proportion was
affected by impaired glucose tolerance (Ramachandran et al., 2001). In addition, cardiovascular
disease, which is closely correlated with increased adiposity and body weight, has been predicted
to be the leading cause of premature death of adults in India by 2025 (Reddy, 1993). Such
phenomena are especially concerning as they also affect children, who are also becoming
increasingly overweight and obese (Khadilkar et al., 2015). About 10% of all Indian teenagers are
estimated to be overweight and 5–6% are obese (Gamit et al., 2015; Ghonge et al., 2015).
Additionally, it has recently been suggested that, of all South Asian countries, India has the
highest proportion of overweight among adolescents (Jayawardena et al., 2017).

The increased prevalence of overweight and obesity in India is related to the socioeconomic
situation in the country – for instance, the level of education and occupation of parents, and
consequently the social position of the family (Gamit et al., 2015). Therefore, abnormalities
connected with excessive weight are of particular concern to the upper and middle classes in
society. Obesity has been found to affect over 32% of males and 50% of females in these
socioeconomic groups (Sharma et al., 2007). A similar problem has also been shown in the
children of wealthy families living in urban areas and attending private schools (Ramachandran
et al., 2002; Marwaha et al., 2006). Moreover, the desire to obtain an appropriate education,
profession and therefore social prestige is correlated with decreasing time spent in school doing
any form of physical activity (Hussain et al., 2016).

Overweight and obesity in children increases the likelihood of the incidence of excess body
weight in adulthood (Marwaha et al., 2006), and also results in a greater risk of diseases such as
gallbladder dysfunction, hypertension, osteoarthritis and dyslipidaemia (Sharma et al., 2007).

Thus India, as a developing country, is currently facing the co-existence of the dual problems
of underweight and overweight/obesity. This issue is deepened by the class differences in Indian
society. The aim of the present study was to analyse selected anthropometric features of children,
adolescents and young adults from middle-class families residing in Kolkata, India, and to
compare the values of these characteristics in different BMI and adiposity categories.

Methods
The study population consisted of 4194 Bengali children, adolescents and young adults (1999
males and 2195 females) aged 7–21 years from middle-class families residing in Kolkata, India.
The participants attended 66 schools and colleges in Kolkata and applied to participate in the
study in response to an appeal made through the administration of the respective academic
institutions. The male sample was collected from thirteen schools in north Kolkata and its sixteen
colleges; the females were from 28 schools and nine colleges located in both the south and north
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of Kolkata. All individuals were generally healthy. Underage students participated in the study
with the consent of their parents or legal guardians.

Measurements were carried out between the years 2005 and 2011, followed the protocol of the
International Biological Programme (1969) and were conducted according to Martin’s technique
(Martin & Saller, 1957). A set of anthropometric tools manufactured by GPM (Switzerland)
consisting of an anthropometer (1mm accuracy), small spreading calliper (1mm accuracy) and
anthropometric steel tape (5mm accuracy) was used. Also, a Lange skinfold calliper (Beta
Technology, USA) with a constant pressure of 10 g/mm2 (1mm accuracy) and an electronic
weight by Libra (India) with an accuracy of 0.5 kg, were used. Details of the methodology and
socioeconomic characteristics of the sample have been described in previous publications
(Dasgupta et al., 2015; Das et al., 2016).

Body height, sitting height and humerus and femur breadths were measured. The thicknesses
of triceps, subscapular and suprailiac skinfolds were also recorded, as well as upper-arm and calf
circumferences and body weight. Body mass index (BMI: body weight [kg]/body height [m]2)
and the sum of skinfolds thicknesses (triceps, subscapular and suprailiac) were calculated.

The subjects were then categorized by BMI values according to WHO categories: overweight
(+1 z-score), normal weight (between +1 and −1 z-score) and underweight (−1 z-score) (WHO,
2014). Adiposity category was determined on the basis of the standard deviation of the
sum of skinfolds, with the norm between +1 and −1 z-score. High body fat was observed above
+1 z-score, and low body fat below −1 z-score. The skinfold thickness values were normalized by
logarithm transformation before the analysis. The calculated z-scores were then compared
between the described BMI and adiposity categories. The significances of the differences were
analysed using a two-way ANOVA, with significance set at p≤ 0.05, and the relationship between
the BMI and adiposity was assessed by linear regression analysis. All calculations were performed
in Statistica 12.0.

Results

BMI categories

Table 1 shows the mean anthropometric measure z-scores of the study participants by BMI
category, age and sex. The average body height in both sexes differed between BMI categories
(p≤ 0.001 in both sexes). The standardized body height values were lowest in the underweight
participants and highest in the overweight group. This was observed up to 9 years of age in the
overweight girls and up to 14 years of age in the underweight ones. In males, the described
changes between BMI categories occurred up to around 12 years of age in the overweight group,
and up to 14 years of age in the underweight participants.

Body mass index differentiated the sitting height of subjects (p≤ 0.001 in both sexes). The
highest mean values were observed in overweight participants, and the lowest in underweight
ones. Again, this tendency was present in both sexes in the younger age groups.

As for upper-arm circumference, the highest values were recorded for overweight/obese
participants, and the lowest for the underweight group (p≤ 0.001 in both sexes). Similarly, the
highest average values of calf circumference were reported for overweight participants, and the
smallest for those with the lowest BMI (p≤ 0.001 in both sexes).

In the case of humerus breadth, the overweight/obese participants had the highest values,
while the lowest was observed in underweight participants (p≤ 0.001 in both sexes). Measure-
ments of femur breadth also presented the highest scores in overweight and the lowest among
underweight participants (p≤ 0.001 in both sexes).

The differences between BMI categories were also present for the mean sum of skinfold
thicknesses (p≤ 0.001 in both sexes). The highest values were observed in overweight partici-
pants and the lowest in those who were underweight. Among females, the biggest differences
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Table 1. Mean anthropometric characteristic z-scores of study participants by BMI category

Males Females

Underweight Normal weight Overweight/obese Underweight Normal weight Overweight/obese

Age n z-score n z-score n z-score n z-score n z-score n z-score

Body height*** Body height***

7 8 −0.52 87 −0.06 28 0.35 19 −0.54 107 −0.04 27 0.55

8 8 −0.87 74 −0.07 36 0.50 21 −0.29 104 −0.14 30 0.68

9 15 −0.56 95 −0.06 18 0.83 30 −0.35 92 0.06 27 0.18

10 17 −0.60 64 −0.13 39 0.43 24 −0.64 111 0.13 25 0.05

11 14 −0.71 82 −0.09 29 0.56 21 −0.77 98 0.06 24 0.41

12 13 −0.65 87 0.00 43 0.29 23 −0.45 98 0.05 22 0.24

13 19 −0.43 102 0.09 34 0.03 21 −0.57 97 0.05 22 0.31

14 23 −0.10 93 −0.05 24 0.26 24 −0.31 92 0.11 24 −0.12

15 20 −0.16 78 0.03 21 0.10 20 0.00 103 −0.05 24 0.21

16 28 −0.05 96 −0.02 21 0.12 23 −0.03 89 0.00 23 0.03

17 21 0.26 91 −0.09 27 0.07 23 −0.16 86 −0.09 29 0.39

18 25 −0.01 91 −0.07 15 0.42 27 −0.09 84 0.07 24 −0.14

19 22 0.20 88 −0.16 20 0.22 20 −0.02 108 −0.02 18 0.12

20 23 0.28 104 −0.05 12 −0.04 22 0.11 110 0.03 25 −0.24

21 19 −0.14 101 0.03 12 0.01 22 0.21 94 −0.03 23 −0.06

Sitting height*** Sitting height***

7 8 −0.80 86 −0.10 28 0.53 19 −0.74 106 −0.07 25 0.86

8 15 −0.99 69 −0.07 35 0.55 19 −0.62 98 −0.10 24 0.89

9 17 −0.82 92 −0.03 17 0.98 29 −0.45 88 0.01 24 0.50

10 13 −0.75 62 −0.11 39 0.42 24 −0.75 105 0.14 19 0.14

11 12 −0.77 82 −0.12 29 0.65 21 −0.77 93 0.08 21 0.43

12 19 −0.83 85 −0.05 42 0.47 22 −0.54 93 0.10 19 0.14

13 23 −0.66 102 0.11 34 0.12 20 −0.58 91 0.05 20 0.36

14 20 −0.20 91 −0.06 24 0.38 23 −0.49 86 0.12 22 0.05

15 26 −0.24 77 −0.01 19 0.38 20 −0.08 97 −0.04 17 0.31

16 20 −0.10 92 0.01 19 0.05 23 0.03 84 −0.04 19 0.15

17 24 0.07 77 −0.10 22 0.27 22 −0.19 82 −0.05 22 0.39

18 18 −0.21 79 −0.04 12 0.60 27 −0.09 80 0.07 20 −0.16

19 22 0.04 79 −0.06 19 0.07 20 −0.13 103 0.04 11 −0.15
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Table 1. Continued

Males Females

Underweight Normal weight Overweight/obese Underweight Normal weight Overweight/obese

Age n z-score n z-score n z-score n z-score n z-score n z-score

20 17 0.05 98 −0.02 12 0.12 20 −0.01 101 0.06 18 −0.32

21 16 −0.24 93 0.02 11 0.21 22 −0.04 86 −0.02 18 0.16

Upper-arm circumference*** Upper-arm circumference***

7 7 −1.28 87 −0.31 28 1.29 19 −1.27 107 −0.13 23 1.64

8 15 −1.32 74 −0.30 35 1.20 19 −1.28 103 −0.12 24 1.54

9 17 −1.31 95 −0.08 18 1.66 30 −1.29 90 0.06 24 1.40

10 14 −1.45 64 −0.33 39 1.06 24 −1.37 106 0.05 19 1.52

11 13 −1.37 82 −0.24 28 1.35 21 −1.37 93 −0.03 20 1.56

12 19 −1.36 87 −0.21 39 1.12 22 −1.34 94 0.01 17 1.63

13 23 −1.31 102 −0.15 33 1.37 20 −1.40 93 0.00 17 1.62

14 20 −1.20 93 −0.11 24 1.43 24 −1.39 89 0.00 22 1.48

15 28 −1.12 78 0.00 20 1.58 20 −1.31 97 0.00 16 1.69

16 21 −1.26 95 0.01 21 1.22 23 −1.35 87 0.04 18 1.53

17 24 −1.27 91 −0.09 27 1.44 23 −1.34 83 0.03 22 1.29

18 22 −1.11 91 −0.04 15 1.87 27 −1.26 79 0.12 18 1.38

19 23 −1.19 88 −0.01 20 1.45 20 −1.44 98 0.13 10 1.56

20 19 −1.11 104 0.04 12 1.38 22 −1.41 99 0.12 12 1.59

21 19 −1.27 101 0.06 12 1.53 22 −1.37 84 0.08 15 1.55

Humerus breadth*** Humerus breadth***

7 8 −1.10 87 −0.19 28 0.89 19 −0.85 107 −0.10 27 0.99

8 15 −0.92 74 −0.13 35 0.67 19 −0.99 104 −0.12 29 1.04

9 17 −0.94 95 −0.08 18 1.30 30 −0.66 91 0.07 25 0.53

10 14 −0.95 64 −0.22 38 0.72 24 −0.94 108 0.07 24 0.62

11 13 −0.74 82 −0.21 28 0.95 21 −1.07 97 0.02 24 0.86

12 19 −1.16 87 −0.06 40 0.68 22 −0.57 97 0.00 21 0.64

13 23 −0.82 102 0.03 33 0.47 20 −0.78 95 0.02 21 0.64

14 20 −0.62 93 −0.04 24 0.68 24 −0.78 91 0.05 22 0.65

15 28 −0.50 78 0.04 20 0.53 20 −0.71 101 −0.05 23 0.76

16 21 −0.40 96 0.02 21 0.30 23 −0.51 88 0.00 21 0.55

17 24 −0.28 91 −0.12 27 0.64 23 −0.61 86 −0.03 28 0.59
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Table 1. Continued

Males Females

Underweight Normal weight Overweight/obese Underweight Normal weight Overweight/obese

Age n z-score n z-score n z-score n z-score n z-score n z-score

18 22 −0.53 91 −0.06 15 1.12 27 −0.70 83 0.00 22 0.91

19 23 −0.47 88 −0.03 20 0.73 20 −0.74 106 0.05 16 0.61

20 19 −0.46 104 −0.01 12 0.79 22 −0.74 107 0.02 24 0.61

21 19 0.04 101 −0.11 12 0.88 22 −0.38 91 −0.08 22 0.73

Femur breadth*** Femur breadth***

7 8 −1.04 87 −0.25 28 1.07 19 −1.13 107 −0.11 26 1.24

8 15 −1.07 73 −0.17 35 0.81 19 −1.16 103 −0.15 28 1.31

9 17 −1.06 95 −0.05 18 1.28 30 −0.99 90 0.04 24 1.09

10 14 −1.11 64 −0.29 39 0.87 24 −1.16 107 0.05 24 0.95

11 13 −1.10 82 −0.15 28 0.94 21 −1.17 95 −0.05 23 1.26

12 19 −1.26 87 −0.07 39 0.78 22 −1.10 94 0.01 19 1.24

13 23 −0.79 102 −0.08 33 0.79 20 −0.96 95 −0.09 20 1.41

14 20 −0.82 93 −0.10 24 1.08 24 −1.12 91 0.05 22 1.02

15 28 −0.66 78 −0.04 20 1.08 20 −1.02 101 −0.01 17 1.33

16 21 −0.74 96 −0.04 21 0.92 23 −0.88 87 0.01 20 0.97

17 24 −0.66 91 −0.19 27 1.21 23 −1.13 85 0.00 22 1.18

18 22 −0.92 91 −0.02 15 1.44 27 −1.11 82 0.15 19 0.95

19 23 −0.61 88 −0.11 20 1.18 20 −1.04 100 0.08 10 1.25

20 18 −0.70 104 −0.03 12 1.30 22 −1.06 101 0.03 19 1.08

21 19 −0.46 101 −0.06 12 1.23 22 −0.85 88 −0.01 19 1.04

Calf circumference*** Calf circumference***

7 8 −1.50 87 −0.23 28 1.13 19 −1.31 107 −0.14 27 1.46

8 15 −1.45 74 −0.24 35 1.13 19 −1.28 104 −0.18 28 1.51

9 17 −1.31 95 −0.06 18 1.57 30 −1.21 88 0.05 25 1.31

10 14 −1.38 64 −0.31 39 1.00 24 −1.39 107 0.05 21 1.36

11 13 −1.27 82 −0.21 28 1.19 21 −1.31 94 −0.07 22 1.57

12 19 −1.39 87 −0.22 39 1.16 22 −1.28 93 −0.01 20 1.47

13 23 −1.28 102 −0.10 33 1.22 20 −1.42 94 −0.02 20 1.53

14 20 −1.11 93 −0.14 24 1.45 23 −1.35 89 0.01 22 1.38

15 28 −0.99 78 0.00 20 1.40 20 −1.21 99 −0.05 18 1.62
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between the groups in overweight and normal BMI were observed in the youngest children, and
their level decreased with age. The opposite trend was observed in underweight females.

Adiposity categories

Table 2 shows the mean anthropometric measure z-scores of study participants by adiposity
category, age and sex. Participants with varying adiposity differed in body height (p≤ 0.001 in
both sexes). Groups with low body fat content were characterized by the lowest values of this
feature, and the highest were observed among participants with high body fat. In females, this
was present up to 9 years of age in a group with excessive adipose tissue, and 14 years for those

Table 1. Continued

Males Females

Underweight Normal weight Overweight/obese Underweight Normal weight Overweight/obese

Age n z-score n z-score n z-score n z-score n z-score n z-score

16 21 −1.18 96 −0.04 21 1.34 23 −1.30 86 0.01 21 1.37

17 24 −1.07 91 −0.14 27 1.43 23 −1.27 82 −0.01 22 1.36

18 22 −1.11 91 0.00 14 1.76 27 −1.23 81 0.10 18 1.39

19 23 −1.07 88 −0.08 20 1.59 20 −1.41 99 0.14 9 1.56

20 18 −1.32 104 0.01 12 1.88 21 −1.46 100 0.07 18 1.33

21 19 −1.31 101 0.04 12 1.72 22 −1.25 86 0.03 20 1.26

Sum of skinfolds*** Sum of skinfolds***

7 8 −1.08 87 −0.32 28 1.29 19 −1.08 107 −0.13 22 1.57

8 15 −1.12 74 −0.28 34 1.09 21 −1.05 104 −0.13 24 1.49

9 17 −1.10 94 0.03 14 1.15 30 −1.16 89 0.11 22 1.15

10 14 −1.33 64 −0.24 37 0.92 24 −1.12 104 0.05 14 1.67

11 13 −1.05 81 −0.12 25 0.93 21 −1.18 94 −0.01 18 1.44

12 19 −1.01 83 −0.03 18 1.19 23 −1.10 93 0.02 16 1.52

13 23 −1.05 101 0.04 12 1.65 20 −1.29 93 0.00 17 1.54

14 20 −1.12 92 0.08 22 0.70 24 −1.20 90 −0.03 23 1.36

15 28 −0.88 77 0.07 16 1.20 20 −1.27 97 0.08 15 1.27

16 21 −1.16 94 0.07 17 1.07 23 −1.18 86 0.06 19 1.15

17 25 −1.11 90 −0.06 24 1.37 23 −1.14 82 0.04 22 1.06

18 21 −1.07 91 0.07 10 1.58 27 −0.94 78 0.04 18 1.25

19 23 −1.00 85 0.08 9 1.83 20 −1.39 98 0.20 9 0.92

20 18 −1.16 100 0.11 6 1.58 22 −1.31 95 0.19 12 0.94

21 19 1.11 96 0.11 6 1.77 22 1.05 84 0.09 15 1.17

***p≤ 0.001.
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Table 2. Mean anthropometric characteristic z-scores of study participants by adiposity category

Males Females

Low body fat Normal body fat High body fat Low body fat Normal body fat High body fat

Age n Mean n Mean n Mean n Mean n Mean n Mean

Body height*** Body height***

7 16 −0.50 85 −0.01 22 0.41 24 0.54 101 −0.02 24 −0.60

8 18 −0.51 82 −0.03 23 0.41 31 0.77 92 −0.19 26 −0.39

9 17 −0.70 83 0.01 25 0.39 24 0.19 91 0.19 26 −0.87

10 26 −0.76 70 0.08 19 0.65 26 0.30 92 0.08 24 −0.62

11 22 −0.45 76 −0.05 21 0.37 19 0.44 88 −0.01 26 −0.23

12 21 −0.10 82 −0.01 17 −0.20 22 0.51 88 0.02 22 −0.48

13 22 −0.29 88 0.02 26 0.30 24 0.31 84 −0.02 22 −0.38

14 22 −0.26 91 0.05 21 0.07 20 −0.01 94 0.06 23 −0.37

15 16 −0.27 84 −0.04 21 0.40 23 0.14 88 −0.10 21 0.07

16 25 0.10 82 −0.04 25 0.15 22 −0.04 85 0.01 21 −0.11

17 27 0.35 87 −0.09 25 −0.09 19 0.06 89 0.01 19 −0.30

18 22 −0.23 75 −0.07 25 0.34 21 −0.17 89 0.01 13 −0.42

19 17 −0.13 82 0.01 19 −0.18 18 0.04 88 −0.09 21 −0.03

20 20 0.20 83 −0.09 21 0.09 22 −0.26 84 0.12 23 −0.26

21 21 −0.02 79 −0.01 21 −0.01 20 0.01 85 −0.01 17 0.02

Sitting height*** Sitting height***

7 15 −0.50 85 −0.06 22 0.58 23 0.61 100 0.01 24 0.61

8 18 −0.65 78 −0.01 21 0.49 28 0.79 84 −0.14 24 −0.78

9 17 −0.87 81 −0.01 23 0.48 23 0.36 87 0.12 26 −0.66

10 24 −0.74 69 0.05 19 0.66 23 0.32 88 0.07 25 −0.73

11 22 −0.56 75 0.00 21 0.27 18 0.48 86 −0.03 25 −0.54

12 20 −0.31 81 −0.01 16 −0.19 22 0.38 85 0.05 21 −0.21

13 22 −0.25 88 0.01 26 0.33 23 0.25 82 0.03 22 −0.58

14 22 −0.17 90 0.06 20 −0.08 20 0.00 87 0.07 23 −0.46

15 16 −0.09 81 −0.07 21 0.38 23 0.15 88 −0.06 20 −0.32

16 23 0.10 80 0.03 22 −0.09 21 0.18 83 −0.03 21 −0.03

17 26 0.43 71 −0.18 23 0.02 19 0.24 88 0.03 18 −0.05

18 16 −0.51 67 −0.05 21 0.45 21 −0.04 89 0.05 13 −0.38

19 16 −0.20 73 0.08 19 −0.14 18 0.29 87 −0.05 21 −0.55

20 20 −0.03 76 −0.01 21 0.02 22 0.03 82 0.11 21 −0.13

8 Łukasz Kryst et al.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932018000354
Downloaded from https://www.cambridge.org/core. IP address: 83.27.2.244, on 05 Dec 2018 at 20:08:09, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0021932018000354
https://www.cambridge.org/core


Table 2. Continued

Males Females

Low body fat Normal body fat High body fat Low body fat Normal body fat High body fat

Age n Mean n Mean n Mean n Mean n Mean n Mean

21 17 −0.22 73 −0.03 19 0.03 20 0.16 83 −0.07 15 −0.41

Upper-arm circumference*** Upper-arm circumference***

7 15 −0.99 85 −0.19 22 1.41 24 1.54 101 −0.09 24 −1.24

8 18 −1.19 82 −0.10 23 1.22 31 1.30 89 −0.16 25 −1.13

9 17 −1.28 83 −0.14 25 1.04 24 1.22 92 0.01 26 −1.30

10 26 −1.27 70 0.12 19 1.24 26 1.09 91 −0.02 25 −1.40

11 22 −1.16 76 0.01 21 0.87 19 1.26 87 0.03 26 −1.19

12 21 −1.29 81 −0.17 17 0.96 22 1.28 90 −0.03 21 −1.21

13 22 −1.16 88 −0.29 26 0.80 24 1.27 84 −0.02 22 −1.29

14 22 −1.15 91 0.05 21 0.78 20 1.33 93 0.05 23 −1.37

15 16 −1.10 84 −0.18 21 1.12 23 1.25 88 −0.04 22 −1.18

16 25 −1.05 81 −0.03 25 0.89 21 1.24 85 0.00 21 −1.26

17 27 −1.14 86 −0.06 25 1.21 19 1.15 89 0.01 19 −1.22

18 22 −0.97 75 −0.13 25 0.88 21 1.16 89 −0.07 13 −1.36

19 17 −1.10 82 −0.22 19 0.95 18 1.07 88 0.10 21 −1.41

20 20 −0.91 83 −0.09 21 0.80 22 0.53 83 0.17 23 −1.19

21 21 −1.15 79 −0.08 21 0.86 20 1.08 85 −0.05 16 −1.10

Humerus breadth*** Humerus breadth***

7 16 −0.74 85 −0.04 22 0.69 24 0.99 101 −0.10 24 −0.87

8 18 −0.25 82 −0.12 23 0.61 31 0.80 91 −0.11 25 −0.78

9 17 −0.83 83 −0.11 25 0.74 24 0.55 92 0.02 26 −0.70

10 26 −0.88 70 0.12 18 0.71 26 0.46 91 0.01 25 −0.69

11 22 −0.47 76 −0.03 21 0.28 19 0.64 88 0.03 25 −0.73

12 21 −0.59 82 −0.09 17 0.53 22 0.68 90 −0.05 21 −0.42

13 22 −0.62 88 −0.06 26 0.41 24 0.60 84 −0.07 22 −0.51

14 22 −0.52 91 0.10 21 0.06 20 0.61 93 0.02 23 −0.67

15 16 −0.35 84 −0.06 21 0.59 23 0.74 88 −0.13 22 −0.58

16 25 −0.11 82 0.05 25 0.00 22 0.50 85 −0.01 21 −0.49

17 27 −0.05 86 −0.10 25 0.35 19 0.54 89 −0.09 19 −0.30

18 22 −0.19 75 −0.25 25 0.48 21 0.71 89 −0.05 13 −0.92
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Table 2. Continued

Males Females

Low body fat Normal body fat High body fat Low body fat Normal body fat High body fat

Age n Mean n Mean n Mean n Mean n Mean n Mean

19 17 −0.61 82 −0.01 19 0.04 18 0.36 88 −0.04 21 −0.77

20 20 −0.26 83 −0.10 21 0.46 22 −0.07 84 0.02 23 −0.57

21 21 −0.04 79 −0.11 21 0.29 20 0.50 85 −0.01 16 −0.50

Femur breadth*** Femur breadth***

7 16 −0.58 85 −0.17 22 1.10 24 1.07 101 −0.12 24 0.54

8 18 −0.78 81 −0.01 23 0.61 30 1.11 91 −0.19 25 0.39

9 17 −0.89 83 −0.14 25 0.89 24 1.04 91 0.03 26 0.74

10 26 −1.15 70 0.16 19 0.92 26 0.69 89 −0.06 25 0.88

11 22 −0.61 76 −0.07 21 0.68 19 0.98 87 −0.07 25 0.85

12 21 −0.61 82 −0.08 17 0.44 22 1.01 86 −0.10 21 0.88

13 22 −0.60 88 −0.17 26 0.60 24 1.08 84 −0.11 22 0.73

14 22 −0.77 91 0.08 21 0.33 20 0.80 92 0.06 23 0.87

15 16 −0.85 84 −0.12 21 0.74 23 0.95 88 −0.08 22 0.59

16 25 −0.36 82 −0.07 25 0.42 22 0.95 84 −0.08 21 0.71

17 27 −0.43 86 −0.19 25 0.92 19 0.86 89 0.01 19 0.71

18 22 −0.61 75 −0.21 25 0.76 21 0.89 89 −0.04 13 0.89

19 17 −0.81 82 −0.12 19 0.51 18 0.71 87 −0.01 21 0.78

20 20 −0.46 82 −0.23 21 0.84 22 0.14 84 0.05 23 0.77

21 21 −0.48 79 −0.15 21 0.43 20 0.86 85 −0.12 16 0.88

Calf circumference*** Calf circumference***

7 8 −1.50 87 −0.23 28 1.13 24 1.34 101 −0.13 24 −1.12

8 15 −1.45 74 −0.24 35 1.13 31 1.22 90 −0.23 25 −1.07

9 17 −1.31 95 −0.06 18 1.57 24 1.11 89 0.02 26 −1.27

10 14 −1.38 64 −0.31 39 1.00 25 0.88 89 −0.06 25 −1.26

11 13 −1.27 82 −0.21 28 1.19 19 1.27 87 −0.06 25 −1.05

12 19 −1.39 87 −0.22 39 1.16 22 1.01 86 −0.09 21 −1.02

13 23 −1.28 102 −0.10 33 1.22 24 1.09 83 −0.03 22 −1.28

14 20 −1.11 93 −0.14 24 1.45 20 1.21 89 0.03 23 −1.22

15 28 −0.99 78 0.00 20 1.40 23 1.15 88 −0.10 20 −1.16

16 21 −1.18 96 −0.04 21 1.34 22 1.05 84 −0.04 21 −1.13
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with low body fat. In males, the differences between adiposity categories disappeared around 12
years of age.

The level of body fat differentiated also the sitting height (p≤ 0.001 in both sexes). The highest
sitting height was observed in participants with excessive adiposity, while the lowest occurred in
those with low body fat. This pattern was present in both sexes until about 13 years of age.

For upper-arm circumference, the highest values were recorded in children with high body fat,
and the lowest among those with low adiposity (p≤ 0.001 in both sexes). The described pattern
persisted in all participants with low and normal body fat, in all age categories. Among females
with excessive adiposity, the differences from the norm decreased with age.

The largest mean calf circumference was noted for individuals with high body fat, and the
smallest for those with the lowest adiposity (p≤ 0.001 in both sexes). The described pattern
persisted in all males, and in females with low and normal body fat, in all age categories. Among
females with excessive adiposity, the differences from the norm decreased with age.

Individuals in different adiposity categories also differed significantly in mean humerus
breadth (p≤ 0.001). This was highest in the group with high body fat, and lowest in the group
with low adiposity. This remained at similar levels in females in almost every age group and in
males up to about 14 years.

Mean femur breadth also showed differences between the different adiposity categories
(p≤ 0.001 in both sexes). Participants with excess body fat were characterized by the highest
femur breadth values; those with low adiposity had the lowest values. This pattern was present at
similar levels in almost all age categories in both females and males with high and normal body
fat. Among males with low adiposity, the differences generally decreased with age.

Due to the similarities observed in the BMI and adiposity categories, a linear regression was
performed to establish if BMI is a good predictor adiposity. The analysis showed that there was a
significant relationship between BMI value and adiposity. The estimated function explained 66%
of the body fat ratio variation regardless of sex, 76% in females and 59% in males. The positive
values of the slopes suggested that with increasing BMI, the sum of skinfold thicknesses also
increased. This was especially visible in females, for whom the slope value was highest (Table 3).

Discussion
This study shows similar patterns of changes in individuals’ anthropometric characteristics in
both BMI and adiposity categories. Furthermore, the linear regression analysis confirmed the
presence of a significant relationship between BMI and adiposity. This suggests that BMI is, at
least in the analysed population, a good predictor of body fat percentage. However, in the

Table 2. Continued

Males Females

Low body fat Normal body fat High body fat Low body fat Normal body fat High body fat

Age n Mean n Mean n Mean n Mean n Mean n Mean

17 24 −1.07 91 −0.14 27 1.43 19 1.02 88 0.03 19 −1.10

18 22 −1.11 91 0.00 14 1.76 21 1.05 89 −0.08 13 −1.24

19 23 −1.07 88 −0.08 20 1.59 18 0.96 87 0.08 21 −1.18

20 18 −1.32 104 0.01 12 1.88 22 0.39 82 0.06 22 −1.21

21 19 −1.31 101 0.04 12 1.72 20 0.78 83 −0.14 16 −0.91

***p≤ 0.001.
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literature a contrary conclusion may be encountered (Bray et al., 2002; Brambilla et al., 2013).
This is mainly due to the fact that BMI only takes into account total body mass, and not body
composition (Prentice & Jebb, 2001; Demerath et al., 2006). However, at the same time, other
sources report relatively high effectiveness of BMI as a method of predicting the level of body fat
in children, especially those with overweight/obesity (Lindsay et al., 2001; Freedman et al., 2004,
2005; Mei et al., 2007; Freedman & Sherry, 2009; Martin-Calvo et al., 2016). For overweight/
obese boys and girls, BMI can reach as much as 90% specificity and 70–80% predictive value for
body fat content (Freedman & Sherry, 2009). It is also worth noting that BMI values by
themselves, as well as their z-scores, are a good reference for predicting the body composition of
children (Kakinami et al., 2014). In addition, the usefulness of this index as a predictor of
adiposity, although relatively poor for lean children, increases with higher levels of body fat
(Lindsay et al., 2001; Mast et al., 2002; Freedman & Sherry, 2009).

The finding in the presented analysis that high BMI is a good proxy for adiposity may,
therefore, result from the specificity of the studied population. The examined children came from
India, where average body fat content is relatively higher than, for example, in the European
population (Lear et al., 2007, 2009). Additionally, the ethnic group of the study population is
characterized by a relatively low proportion of lean mass in the total weight (Lear et al., 2009),
and this applies to children too, especially boys (Katzmarzyk et al., 2015). The association of the
observed results with the origin of the study group can be also confirmed by the fact that BMI
appears to be better correlated with adiposity in more homogeneous populations than, for
example, ethnically heterogeneous ones (Javed et al., 2015).

The study also found that participants with higher BMI values and greater adiposity were
characterized by larger upper-arm and calf circumferences. Underweight individuals with low
body fat content were, in contrast, characterized by relatively low upper-arm and calf cir-
cumferences. A similar correlation between BMI and upper-arm circumference was observed in
another study in a South Asia population (Dasgupta et al., 2010). Together these findings may
prove the usefulness of these circumference measurements, not only as a tool for the diagnosis of
undernutrition but also as a predictor of excessive weight and adiposity (Mazıcıoğlu et al., 2010;
Chaput et al., 2017). Upper-arm circumference as a determinant of overweight /obesity was also
confirmed by a recent study of Indian children and adolescents carried out by Jaiswal et al.
(2017), who found that, as a determinant of overweight/obesity, it was characterized by 95%
sensitivity and a specificity of 90%.

In addition, the present study found that calf circumference correlated with BMI and adip-
osity categories. Therefore, this measurement could also be helpful as an additional indicator of
underweight, overweight/obesity and adipose tissue content. This observation is in line with the
results of research conducted by Almeida et al. (2016). It is important to stress that calf cir-
cumference has already been used for such purposes, but mainly in elderly populations (Gav-
riilidou et al., 2015; Júnior et al., 2016). The results of the present study show that it can also be
useful in children, adolescents and young adults.

This study showed that overweight and obese individuals also had high humerus and femur
breadths, with the lowest values being noted in those who were underweight and with low body
fat. These results confirm the findings of Parkinson et al. (2011), who showed a significant

Table 3. Linear regression between BMI and adiposity

R 2 Estimated SE df β SE (β) t

All participants 66% 6.8 1.39 0.81*** 0.03 86.8

Males 59% 6.8 1.19 0.77*** 0.04 51.7

Females 76% 5.7 1.20 0.87*** 0.03 78.8

***p≤0.001.
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correlation between BMI and bone breadths in children aged 6–8 years. This phenomenon can
also be a result, as often observed in overweight/obesity, of relatively high muscle mass, which is
linearly linked to body strength (Ducher et al., 2009). According to Mechanostat theory, changes
in bone tissue dimensions follow dynamic load, and are therefore the result of muscle force
(Frost, 2003). Consequently, persons with a relatively higher weight will be characterized by
higher bone measurements. At the same time, however, it is worth stressing that this is not a
positive tendency, as the increasing surface area of bone does not cause its higher density.
Moreover, obese people are often characterized by a relatively lower bone density than those in
other BMI categories (Wetzsteon et al., 2008). This is probably due to the higher risk of micro-
damage associated with excessive skeletal load. In addition, the constant need to repair such
damage, at least temporarily, increases the porosity of bone, leading to its greater susceptibility to
fractures and breakage (Donahue & Galley, 2006).

The described differences in limb circumferences and bone breadths were found to be similar
in all analysed age groups. However, differences in body height measurements between BMI and
adiposity categories were only observed during the pre-pubertal years. In adolescence, these
differences gradually disappeared, but at different rates for each category. Underweight girls and
boys achieved heights similar to those of children of normal weight but later than their peers with
overweight/obesity and high body fat. This suggests that the content of adipose tissue influences
the regulation of the biological maturation – a finding supported by the results of other studies
(De Leonibus et al., 2014; Prokopowicz et al., 2014; Holmgren et al., 2017). It has also been
proven that children with high BMI and adiposity not only reach puberty earlier, but that it also
lasts longer than in their peers in other BMI/adiposity categories (De Leonibus et al., 2014;
Holmgren et al., 2017).

The present results suggested a relatively faster growth of overweight/obese children during
the pre-pubertal years. Similar results have been observed in other studies, such as De Leonibus
et al. (2014), Godfrey et al. (2016) and Zheng et al. (2014). Interestingly, this is not an effect of
excess growth hormone (GH), as the level of this in children with high BMI and adiposity is
relatively low. It is therefore defined as GH-independent growth, and is attributed to other
factors, such as increased insulin and leptin levels, excess amounts of insulin-like growth factor
(IGF), IGF and GH binding proteins, and adrenal androgens (Godfrey et al., 2016; Holmgren
et al., 2017). In addition, the overload of calories in the diet of overweight/obese children may
also be a source of accelerated growth. Importantly, these factors influence not only the growth of
the fat but also of other tissues, such as muscles and bones. Therefore, as previously suggested,
high adiposity co-exists with increased limb circumferences and bone breadths, as observed in
overweight/obese pre-pubertal children. Acceleration of bone growth before adolescence is also
often associated with increased bone age (Marcovecchio & Chiarelli, 2013; Prokopowicz et al.,
2014; Godfrey et al., 2016). This, in turn, may cause children who are relatively tall in their pre-
pubertal years to not achieve their optimum final height, because their bone fusion occurred too
early (Godfrey et al., 2016). This phenomenon is also visible in the results of the present work.
Despite the similarity of the final values, it can clearly be noted that both underweight and
normal weight children are taller than overweight/obese ones in the oldest age groups. It is also
suggested that boys and girls with excess weight and adiposity are characterized by a lower
pubertal height gain, which too may be the cause of the described outcome (Marcovecchio &
Chiarelli, 2013; Holmgren et al., 2017).

In conclusion, children, adolescent and young adults in different categories of BMI and
adiposity were found to differ significantly in the analysed somatic traits. Some of these dif-
ferences remain almost constant throughout the development period, while others, such as height
measurements, disappear during puberty. Such divergences in individual traits make some of
them effective tools for relatively easy, quick and inexpensive diagnosis of underweight, over-
weight/obesity or abnormal levels of body fat. They may also be an additional criterion used
together with other measurements to improve the accuracy of the applied methods.
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