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AbstrAct: Childhood and adolescent obesity is a public health concern worldwide. However, little attention 
has been paid on status of overweight and body composition of Indian Bengali urban middle and high SES 
population. The objective was to determine the prevalence of overweight and body composition status by 
age and sex in children, adolescents and young adults. This cross-sectional study was carried out among 
4194 unmarried school and college students (1999 males and 2195 females) aged 7–21 years belonging to 
the Bengali Hindu Population in Kolkata, India. The survey period was from 1999 to 2011. Anthropometry 
of participants were measured. Age and sex specific ≥85 percentile of body mass index (BMI) for children 
(<18 years of age) and BMI ≥23 kg/m2 (≥18 years of age) for adults were used to define overweight. Fat 
percent, upper arm fat area (UAFA) and upper arm muscle area (UAMA) were estimated. Simple linear 
regression was performed to check trend of changes with age. The overall prevalence of overweight was 
14.8% in both sexes. Mean fat percent was higher in females than males (23.5% vs 13.5% respectively; 
p<0.001) and it increased by 0.18% (0.02) in males and 0.56% (0.02) in females per year (both p<0.001). 
UAMA gradually increased with age in both sexes and increasing rate per year was by 2.07 (0.04) cm2 

in males and 1.19 (0.04) cm2 in females (both p<0.001). However, UAFA increased by 0.41 (0.03) cm2 

and 0.90 (0.03) cm2 every year in males and females respectively (both p<0.001). Sum of biceps, triceps, 
subscapular and suprailliac skinfolds increased by 1.66 (0.06) mm and 0.5 (0.07) mm per year in females 
and males respectively (both p<0.001). Overall prevalence of overweight was the same in both sexes but 
adipose tissue was higher and muscularly was lower in females than males.
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Introduction

Childhood and adolescent obesity is a big 
health concern worldwide (WHO 2000; 
Ford and Mokdad 2008). Recent studies 
from western populations have demon-
strated that the prevalence of childhood 
and adult obesity increased during the 
last decade (Flegal et al. 2010; Lissner 
et al. 2010; Ogden et al. 2010) and over-
weight in the US and UK has increased 
significantly to about 16–20% (Hedley et 
al. 2004; Lobstein et al. 2003). In recent 
time, developing countries have also re-
ported an increasing incidence of obesity 
(Kelishadi 2007).

Although, childhood under-nutrition 
has been a major public health concern in 
India over the last several decades, little 
attention has been paid to childhood and 
adolescents overweight and obesity until 
recently (Subramanyam et al. 2010). The 
current evidence suggested an increase 
in over-nutrition status among children 
as well as adults (Bhardwaj et al. 2008; 
Singhal et al. 2010). Numerous studies 
have reported prevalence of obesity in 
children and adolescents to be 12–29% 
from different part of India (Kapil et al. 
2002; Chhatwal et al. 2004; Bhardwaj et 
al. 2008). The National Family Health 
Survey (NFHS-3) data showed that the 
prevalence of obesity (BMI≥25 kg/m2) 
was 9.3% in men and 12.6% in women 
aged 15–49 years (NFHS 2005). A group 
of researchers have reported prevalence 
of overweight in the range of 22–25% in 
children and young adolescents in Del-
hi (Bhardwaj et al. 2008; Sharma et al. 
2007; Kapil et al. 2002). Other studies 
found the prevalence of overweight is 
escalating among school going children 
and adolescents in different urban ar-
eas of India (Kotain 2010; Mahato et al. 
2015).

Increasing prevalence of overweight 
in India may be attributed to different 
factors, such as sedentary life-style, un-
healthy food habits, cultural practic-
es, increasing affluence of middle class 
population and urbanization (Goel et 
al. 2010; Misra et al. 2007; Misra and 
Vikram 2004). It is reported that obesity 
associated with multiple co-morbidities 
like type 2 diabetes mellitus, dyslipid-
emia, polycystic ovarian disease, hyper-
tension and metabolic syndrome which 
are increasingly becoming common 
among children and urban adolescents 
(Ford and Mokdad 2008; Bhardwaj et 
al. 2008; Misra et al. 2007). Further, it 
is important to mention that childhood 
obesity is associated with higher risk 
of morbidity and mortality in adult life 
(Must et al. 1992).

On the other hand, other physiolog-
ical parameters like mid upper arm fat 
and muscle areas, and body fat percent 
are indicators of over-and under-nutri-
tion in human body. Cross-sectional 
UAMA and UAFA are used for assess-
ment of nutritional status in community 
setting. UAFA is shown to be an indi-
cator of adiposity in the form of fat and 
is considered to an indicator of body fat 
(Frisancho 1981). Also skinfold thick-
nesses proxy indicator of overweight 
where BMI underestimate overweight 
in South Asian population (Shaikh et 
al. 2016; Dudeja et al. 2001). Studies 
showed that fat deposition is increasing 
recently particularly in urban area due to 
urbanization, junk foods consumption 
and less physical activities (Rosenheck 
2008; Christensen et al. 2008). It is also 
evidenced that fat deposition is different 
between sexes due to hormonal changes 
(Roemmich and Rogol 1999).

However, little attention has been 
paid on status of overweight, body fat 
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mass and muscle mass of Bengali urban 
middle and high SES Hindu population 
from Kolkata which is culturally differ-
ent from other parts of India. The objec-
tive of this study was to determine the 
prevalence and changes of overweight 
and body composition by age and sex in 
children, adolescents and young adults in 
urban area of West Bengal, India.

Subjects and Methods
The present cross-sectional growth sur-
vey of 1999 to 2011 was carried out on 
Bengali Hindu urban middle class school 
and college students in Kolkata city, West 
Bengal, India. Though the present survey 
period was from 1999 to 2011, but the 
data for males were collected from 1999 
to 2011 and data for females were col-
lected from 2005 to 2011. Socioeconom-
ically middle class was defined on the 
basis of the following criteria: per capi-
ta monthly family expenditure, parental 
occupation, education, school affiliation, 
household assets, housing condition, 
dietary habits, recreational and cultural 
activities, physical activities etc. (Brandy 
and Büge 2014; Chun 2010; Banerjee and 
Duflo 2008). In the present study, pur-
posive sampling method was applied to 
select the sixty six academic institutions 
in Kolkata city and the inclusion of a spe-
cific institution depends on the judgment 
or decision of the researcher (Tongco 
2007). The inclusion criteria of subjects’ 
selection were: subjects should be aged 
from 7 to 21 years and have authentic 
document for his/her date of birth, they 
should be free from any physical disabil-
ity and not dependent on any medication 
during the time of survey, they should be 
unmarried and representative of middle 
class families, brought up in the house-
hold environment under parental care 

and living in the city for a fairly long pe-
riod of time etc. A total 4,194 subjects 
(1,999 males and 2,195 females) aged 
from 7 to 21 years had participated in 
this study. All subjects were participated 
voluntarily in this survey in response to 
the appeal made by the administrations 
of the respective academic institutions. 
Data were collected at their respective 
households only during day time usu-
ally between 7 am and 2 pm. A written 
consent was obtained from the parents 
for both minor and adult participants. 
Study design and subjects selection were 
described previously (Das et al. 2016). 
This study was approved by the Ethical 
Committee for research risks to human 
subjects, Indian Statistical Institute prior 
to data collection.

Data collection

The following socioeconomic, demo-
graphic and household data were col-
lected using a structured questionnaire: 
fathers’ and mothers’ education, fathers’ 
and mothers’ occupation, caste, sib-
ling size, family type, number of fami-
ly members, number of toilets, num-
ber of rooms, type of possession of the 
household, source of drinking water 
and monthly family expenditure. Com-
pleted age was recorded on the day of 
measurement. Anthropometric mea-
surements were collected by extensively 
trained anthropometrists. Each anthro-
pometrist was trained and standard-
ized at the beginning of the study. The 
intra- and inter- worker technical errors 
of measurement (TEM) were calculated 
(Perini et al. 2005) and compared with 
cutoff points at 1.0% and 1.5% for in-
tra- and inter- TEMs respectively. If the 
calculated TEMs of any worker exceeded 
the cutoff points then the worker was 
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standardized again before measurement. 
To ensure accuracy of measurements, 
the equipments were checked and cali-
brated every day before the measuring 
session. Accordingly, measurement ses-
sions have been continued throughout 
the year. Subject’s weight with light 
clothing and barefooted was taken using 
Libra portable analogue weighing ma-
chine with precision of ±500 g. Standing 
height was measured to the nearest 0.1 
cm using GPM portable anthropometer. 
Mid-upper arm, head and calf circum-
ferences were measured to the nearest 
0.1 cm by a non-stretch steel tape. The 
skinfold thicknesses were taken within 
0.5 mm precision with a pressure of 10 
g per mm square using Lange Skinfold 
caliper. All measurements except weight 
were taken triplicate and median val-
ues were used in the analysis. Standard 
procedures were performed following 
the protocol of International Biological 
Programme (Weiner and Lourie 1969). 
Details of the methods and field activi-
ties were presented in earlier publication 
(Das et al. 2016).

Upper arm muscle and fat areas were 
estimated based on mid-upper arm cir-
cumference and triceps skinfold thick-
ness using the established equations 
(Frisancho 1981) which were used in 
Bengali population previously (Sen et al. 
2011; Debnath et al. 2017).

 UAMA (cm2) = {MUAC − (TSF× π)}2/ 
 /(4× π) (1)

 UAFA (cm2) = {(MUAC)2/(4× π)} −  
 − UAMA (2)

where: MUAC – mid-upper arm circum-
ference in cm, TSF – triceps skinfold 
thickness in cm, UAMA – upper arm 
muscle area, UAFA – upper arm fat area.

Fat mass percent was estimated from 
skinfold thicknesses. First, density was 
calculated using the logarithm of total 
skinfold thicknesses (biceps + triceps + 
subscapular + supraliliac) (Durnin and 
Womersley 1974) and then fat percent 
was assessed from density using Siri’s 
equation (1956). This Siri’s equation 
was used by Shaikh et al (2016) in Ban-
gladeshi female population earlier.

 Percent body fat = {(4.95/density) −   
 − 4.50} × 100 (3)

Age and sex specific BMI (kg/m2) was 
calculated for children and adolescents 
and ≥85 percentile was used to identify 
overweight (Cole et al. 2000). For adults, 
≥18 years of age, Asian cutoff point ≥23 
of BMI (kg/m2) was applied to find over-
weight (WHO 2004).

Statistical analysis
Data were presented as n (%) for cat-
egorical variables and mean±SD for 
continuous variables. Age was grouped 
as 7–11 years (school age), 12–17 years 
(adolescents) and 18–21 years (adults). 
Parent’s educational level were catego-
rized into categories of completed class 
1 to 10, completed class 11 to 14, and 
graduated and higher. Parent’s occupa-
tion were categorized as business, ser-
vice and retired. Family caste was divid-
ed as general, other backward class and 
scheduled caste. Sibling was grouped as 
one, two and three or more, and family 
type as joint and simple families. Family 
member was specified as three or less, 
four to five and six or more. Mean up-
per arm muscle and fat areas and total 
skinfold thickness were estimated and 
presented by age as line graph with 95% 
confidence interval to see changes of 
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each parameter between sexes. Correla-
tion coefficients (r) were calculated be-
tween BMI and fat percent estimated by 
skinfold thickness. Log value of derived 
variables was calculated and used in sim-
ple linear regression to find the trend of 
change with age and β-value with SE 
were presented. The Chi2 test was per-
formed to test the significant differenc-
es among categorical variables. Pairwise 
t-test was done to determine the age 
specific mean difference between males 
and females and p<0.05 was considered 
significant for all tests. Statistical anal-
yses were performed using STATA 11 
software (STATA Corp, College Station, 
Texas).

Results
The sample size by age and sex in these 
two studies are depicted in Table 1.

Household and demographic charac-
teristics were different between males 
and females (Table 2).

Fathers and mothers of female partic-
ipants were higher educated than fathers 
and mothers of male participants (father: 
64% vs 61%; p<0.01 and mother: 43% vs 
35%; p<0.001, respectively). About 57% 
fathers of female participants and 52% 
fathers of male participants were service 
men. Comparatively, less mothers of fe-
male participants were housewives (fe-
male, 87% vs male, 92%; p<0.001) and 
more sibling were found in male group 
than female group (p<0.01). It has also 
been noticed that family members were 
higher in male group than female group 
(p<0.001) Owned house between two 
groups were different (p<0.001) and 
there were more drinking water taps in 
male households compared to female 
households (p<0.001). Comparatively 
monthly expenditure was higher in fe-

male than male group (Table 2). Month-
ly expenditure 10001–15000 rupees 
and above 15000 rupees were higher in 
females than males (26.8% vs 18.3%; 
p<0.001 and 14.3 vs 5.6%; p<0.001 
respectively).

Age was grouped as school aged, ado-
lescents and adults and age specific mean 
values of physical parameters of study 
participants were compared between 
males and females (Table 3).

Pairwise t-test conformed that there 
was no difference of weight and BMI 
between males and females in school 
aged children and UAMA was higher in 
females than males in school aged chil-
dren (p<0.001), but it altered with age 
and higher in males than females among 
adolescents and adults (p<0.001). There 
was significant difference of other pa-
rameters between males and females and 
between the same age group (Table 3). 

Table 1. Number of samples by age and sex in two 
survey periods

Age
(years)

Male 
(n=1999)1

Female 
(n=2195)2

Total
(n=4194)

7 123 155 278

8 125 156 281

9 130 151 281

10 117 161 278

11 124 143 267

12 149 145 294

13 159 140 299

14 137 141 278

15 127 148 275

16 138 135 273

17 143 139 282

18 128 136 264

19 132 146 278

20 135 158 293

21 132 141 273

1Survey years: 1999–2011.
2Survery years: 2005–2011.
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Table 2. Household and demographic characteristics of study participants

Variable
Male

(n=1999)1
Female

(n=2195)2 p-value3

n % n %
Father’s education

<0.01
 01–10 year of schooling 474 23.8 516 23.6
 11–14 year of schooling 303 15.2 265 12.1
 Graduate and above 1213 61.0 1408 64.3
Mother’s education

<0.001
 01–10 year of schooling 830 41.8 849 38.7
 11–14 year of schooling 465 23.4 397 18.1
 Graduate and above 69 34.8 946 43.2
Father’s occupation

<0.001
 Business 911 45.6 874 39.8
 Service 1040 52.1 1246 56.8
 Retired 47 2.3 72 3.4
Mother’s occupation

<0.001
 Business 48 2.4 92 4.2
 Service 111 5.6 193 8.8
 Housewife 1840 92.0 1899 87.0
Caste affiliation

<0.001
 General 1632 81.6 1954 89.0
 Other backward class 255 12.8 35 1.6
 Scheduled caste 112 5.6 206 9.4
Sibling 

<0.01
 One 933 46.7 1116 50.8
 Two 964 48.3 996 45.4
 Three or more 101 5.0 83 3.8
Family type

0.118 Nuclear family 777 38.9 795 36.2
 Single-parent family 1221 61.1 1400 63.8
Family member

<0.001
 Three or less 580 29.0 709 32.3
 Four to five 977 48.9 1123 51.2
 Six or more 441 22.1 363 16.5
Toilet number 

<0.001
 One 1358 68.6 1279 58.3
 Two 527 26.6 732 33.4
 Three or more 95 4.8 183 8.3
Rooms Number 

<0.05
 1–3 839 43.2 863 39.7
 4–6 918 47.3 1120 51.5
 7 or more 185 9.5 192 8.8
Type of house possession 

<0.001 Owned house 1445 72.8 1881 85.8
 Rented house 540 27.2 311 14.2
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The overall prevalence of overweight was 
14.8% which was similar in both sexes. 
Some selected SES characteristics were 
related with overweight in both males 
and females are shown in Table 4.

Chi-square test confirmed that over-
weight significantly associated with fa-
ther’s education, father’s occupation, 
family caste, and room number only 
in females but not in males (Table 4) 
(p<0.01). However, sibling and family 
members associated (p<0.05) with over-
weight in males only. Although, number 
of toilet and family monthly expenditure 
associated with overweight both in males 
and females (p<0.05).

The overall correlation between 
BMI and fat percent was 0.84 and 0.75 
in females and males respectively (all 
p<0.001) which was higher in females 
than males. However, age stratified anal-
ysis showed that in females, the cor-
relation coefficient was 0.85 in under 
17 years of age and 0.73 in 17 years and 

above. Whereas, opposite direction was 
noticed in males, the correlation coeffi-
cient was 0.73 in below 17 years of age 
but it was 0.83 for 17 years and above.

Upper arm muscle area (UAMA) is 
plotted against age to show the chang-
ing pattern both in males and females 
(Fig. 1).

It gradually increased with age in 
males, however, plateaued after 14 years 
of age in females. Simple linear regression 
analysis confirmed that the trend of chang-
es with age was significant (p<0.001) and 
by 2.07 (0.04) and 1.19 (0.04) cm2 UAMA 
increased each year in males and females 
respectively. Figure 2 shows the changing 
pattern of upper arm fat area. It increased 
with age in both sexes but increasing rate 
was higher in females than males. Upper 
arm fat area increased by 0.41 (0.03) cm2 
in males and 0.90 (0.03) cm2 in females 
every year (both p<0.001).

Biceps, triceps, subscapular and su-
prailiac skinfold thicknesses were sum-

Variable
Male

(n=1999)1
Female

(n=2195)2 p-value3

n % n %
Source of drinking water

<0.001
 Community tap 115 5.8 398 18.1
 Own tap 1842 92.8 1695 77.3
 Others 29 1.4 100 4.6
Monthly expenditure, rupee
 Up to 5000 355 17.8 259 11.8
 5001–10000 1166 58.3 1033 47.1
 10001–15000 366 18.3 588 26.8
 Above 15000 112 5.6 315 14.3 <0.001

Missing data: Father’s education, 9 for male and 6 for female; Mother’s education, 13 for male and 3 for 
female; Father’s occupation, 1 for male and 3 for female; Mother’s occupation, 11 for female; Sibling, 1 for 
male; Family member, 2 for male; Toilet number, 19 for male and 1 for female; Room number, 57 for male 
and 20 for female; Type of possession, 14 for male and 3 for female; Source of drinking water, 13 for male 
and 2 for female.
1Survey years: 1999–2011.
2Survery years: 2005–2011.
3Chi-square and Fisher exact tests have been done to find significant level.
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Table 4. Comparison of SES characteristics with age and sex specific cutoff point of BMI

Variable
Males (n = 1999)1 Females (n = 2195)2

<85 percentile
n (%)

≥85 percentile
n (%)

<85 percentile
n (%)

≥85 percentile3

n (%)

Father’s education

 01–10 year of schooling 399 (24.0) 75 (22.9)** 431 (24.8) 77 (17.7)***

 11–14 year of schooling 259 (15.6) 44 (13.5)** 206 (11.9) 58 (13.3)***

 Graduate and above 399 (24.0) 208 (63.5)** 431 (24.8) 77 (17.7)***

Father’s occupation

 Business 758 (45.4) 153 (46.7)** 704 (40.4) 161 (37.0)***

 Service 874 (52.3) 166 (50.6)** 990 (56.8) 251 (57.7)***

 Retired 38 (2.3) 9 (2.7)** 48 (2.8) 23 (5.3)***

Family caste

 General 1360 (81.4) 272 (82.9)** 1538 (88.1) 402 (92.4)*** 

 Other backward class 215 (12.9) 40 (12.2)** 26 (1.5) 9 (2.1)***

 Scheduled caste 96 (5.7) 16 (4.9)** 181 (10.4) 24 (5.5)***

Sibling

 One 760 (45.5) 173 (52.7)** 888 (50.9) 223 (51.3)***

 Two 827 (49.5) 137 (41.8)** 793 (45.4) 195 (44.8)***

 Three or more 83 (5.0) 18 (5.5)** 64 (3.7) 17 (3.9)***

Family member

 Three or less 465 (27.8) 116 (35.4)** 554 (31.8) 151 (34.7)***

 Four to five 831 (49.7) 146 (44.5)** 892 (51.1) 221 (50.8)***

 Six or more 375 (22.4) 66 (20.1)** 299 (17.1) 63 (14.5)***

Toilet number

 One 1159 (70.0) 199 (61.6)** 1042 (59.8) 225 (51.7)***

 Two 423 (25.5) 104 (32.2)** 561 (32.2) 168 (38.6)***

 Three or more 75 (4.5) 20 (6.2)** 141 (8.0) 42 (9.7)***

Rooms Number

 1–3 718 (44.1) 121 (38.5)** 704 (40.8) 152 (35.1)***

 4–6 752 (46.2) 166 (52.9)** 879 (50.9) 234 (54.0)***

 7 or more 158 (9.7) 27 (8.6)** 144 (8.3) 47 (10.9)***

Monthly expenditure, rupee

 Up to 5000 314 (18.8) 41 (12.5)** 214 (12.2) 42 (9.7)***

 5001–10000 971 (58.1) 195 (59.5)** 851 (48.8) 176 (40.5)***

 10001–15000 302 (18.1) 64 (19.5)** 460 (26.4) 122 (28.0)***

 Above 15000 84 (5.0) 28 (8.5)** 220 (12.6) 95 (21.8)***

Data presented as n (%).
1Survey years: 1999–2011.
2Survery years: 2005–2011.
3Chi-square test was done to find association between SES variables and overweight in males and females 
separately *p<0.05; **p<0.01; ***p<0.001.
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med and plotted by age and sex as a pro-
xy indicator of fatness (Fig. 3).

Total skinfolds thickness increased up 
to 11 years of age and then it was static 
in males, however, it gradually increased 

with age in females. On average by 0.5 
(0.07) and 1.66 (0.06) mm skinfold in-
creased every year in males and females 
respectively (both p<0.001). The average 
fat percent calculated by skinfold thick-

Fig. 1. Mean values for upper arm muscle area by age and sex in the study population

Fig. 2. Mean values for upper arm fat area by age and sex in the study population
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ness was higher in females than males 
(p<0.001) at each age group is plotted 
in Figure 4.

Fat percent increased with age up to 
14 years in males and then it was static, 

however, it gradually increased with age 
in females and increasing rate was differ-
ent between males and females (0.18%, 
0.02; p<0.001 vs 0.56%, 0.02; p<0.001 
respectively).

Fig. 3. Mean values for total skinfold thickness by age and sex in the study population

Fig. 4. Mean values for fat percent by age and sex in the study population
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Discussion

Our study demonstrated to find out the 
status of overweight and body composi-
tion by age and sex in Asian Indian ur-
ban Bengali Hindu children, adolescents 
and young adults aged 7–21 years. The 
present study showed that the overall 
prevalence of overweight was 14.8%. 
Several studies have been done in dif-
ferent urban areas of India and reported 
the prevalence of overweight. The overall 
prevalence was found 25.2% aged 14–17 
years (Gupta et al. 2011) and 22% aged 
4–17 years (Sharma et al. 2007) in school 
going children from affluent families in 
Delhi. Ramachandran et al. (2002) re-
ported that the prevalence of overweight 
was 17.8% in boys and 15.8% in girls in 
urban South Indian school going children 
aged 13–18 years. They defined over-
weight as BMI≥25 kg/m2. Overweight 
was 27.5% and 20.9% in urban school 
going boys and girls respectively in 
Pune, Maharastra (Rao et al. 2007). Oth-
er study found 20.6% and 18.3% over-
weight in boys and girls respectively aged 
between 2 and 17 years (Khadilkar et al. 
2011), which were higher than the pres-
ent study. Overweight was higher in boys 
than girls in all above mentioned studies, 
however, present study did not find any 
difference of overweight between males 
and females. Age dependent overweight 
is reported by several studies. In Delhi 
school children aged 14–17 years, au-
thors showed that overweight was 30% 
and 40% in boys and girls respectively at 
14 years of age, and then it decreased at 
17 years of age (27% in boys and 22% 
in girls) (Bhardwaj et al. 2008). Howev-
er, Khadilkar et al. (2011) reported that 
overweight increased with increasing age 
from 2 to 17 years. The overall preva-
lence of overweight was 7% in age 2–5 

years and 14% in age 14–17 years and 
there was no difference of overweight 
between sexes in the same age groups. 
We did not find changes of overweight 
by age group in the present study. It is 
explained that overweight increased 
with increasing age due to hormonal 
changes both in boys and girls (Sharma 
et al. 2007). Their prevalence was high-
er than our study because their studies 
were conducted mostly in urban affluent 
families, whereas, our study was done in 
urban middle class families. Food habits 
is also different in different part of In-
dia which might be a cause of different 
prevalence of overweight in Pune, Delhi, 
Chennai and Kolkata. Another possible 
explanation is selection of cut-off point 
of overweight. Some studies have used 
>25 kg/m2 of BMI to define overweight 
for Asian Indian (Pandey et al. 2009), 
however, we used IOTF cut-off point for 
children and adolescents, and ≥23 kg/m2 
of BMI for adults. Studies on Caucasian 
children from the US did not find signif-
icant difference of overweight prevalence 
between sexes (Ogden et al. 2012). In 
comparison to our data, the prevalence of 
overweight was higher in low-in-income 
Mexican Americans adolescents (40.1%) 
(Lacar et al. 2000).

We estimated UAMA, UAFA and fat 
percent to explore in muscularity and 
body fat status by age and sex. In this 
study, mean UAMA, UAFA and fat per-
cent were higher than reported by other 
two studies in West Bengal which were 
conducted in the district of Darjeeling. 
One study has been carried out in low 
SES area among school going children 
belonging to the Bengali Muslim Popu-
lation (Sen et al. 2011). Another study 
was conducted by Debnath et al. (2017) 
among rural school going children, 
whereas, our study was conducted in 
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urban area in Kolkata. It is found that 
rural Zimbabwean children (Olivieri et 
al. 2008) have lower UAMA and UAFA 
compared to our study, although, Ni-
gerian children have higher UAMA and 
lower UAFA area compared to our study 
(Senbanjo et al. 2014). Similarly, fat per-
cent was lower in our study compared 
to Nigerian, Egyptian and Turkish chil-
dren (Senbanjo et al. 2014; Monir et al. 
2004; Ozturk et al. 2009). Population 
variations of muscularity and adiposity 
can be attributed to several associated 
factors such as sex, ethnicity, dietary 
intake, food habits, physical exercise 
patterns, SES status and burden of in-
fectious disease, and inherited gene is 
also an important determinant of hu-
man morphology (He et al. 2004; Wells 
2007; Sen et al. 2011; Thibault and Pich-
ard 2012; Thibault et al. 2012; Sen and 
Mondal 2013; Singh and Mondal 2014; 
Senbanjo et al. 2014).

In the present study, it was observed 
that arm muscle was higher in males and 
lower in females, and body fat was high-
er in females and lower in males. Similar 
trends are documented by previous stud-
ies among Indian, Argentinean, South 
Korean, Kenyan, Zimbabwean, Turkish 
and Nigerian children (Chowdhury and 
Ghosh 2009; Basu et al. 2010; Sen et al. 
2011; Sen and Mondal 2013; Singh and 
Mondal 2014; Bolzan et al. 1999; Kim 
et al. 1999; Semproli and Gualdi-Russo 
2007; Olivieri et al. 2008; Ozturk et al. 
2009; Senbanjo et al. 2014).

We found that arm muscularly in-
creased with increasing age in both sexes, 
although this increment rate was high-
er in males than females after 14 years 
of age. However, arm fat, total skinfold 
thickness and fat percent increased with 
increasing age in females. Other studies 
reported the similar findings in Indian 

(Sen et al. 2011; Debnath et al. 2017), 
Nigerian, (Senbanjo et al. 2014), Turkish 
(Ozturk et al. 2009) and Zimbabwean 
(Olivieri et al. 2008) children. The age 
and sex difference of UAMA and UAFA 
is due to sex-hormones (Sen et al. 2011). 
Estrogen increases fat deposition and 
more fat storage in females than males. 
While sex hormones increases peripheral 
subcutaneous fat in females. On the oth-
er hand, testosterone metabolizes fat and 
reduces fat in males.

This study has several limitations, 
firstly, the survey period was different. 
The subjects were compared between 
sexes at the same age but measure-
ment period was different. Male par-
ticipants were recruited from 1999 to 
2011, whereas, female participants were 
recruited from 2005 to 2011. Secondly, 
this study was carried out only in urban 
area and there were no representatives 
from rural area. Thirdly, the overweight 
was identified by using only BMI. Stud-
ies demonstrated that BMI underesti-
mates overweight and obesity in Asian 
population (Dudeja et al. 2001; Shaikh et 
al. 2016). Fourthly, fat percent was esti-
mated using Siri equation among all age 
groups which is developed for adult pop-
ulation (Siri 1956).

In spite of these limitations, our study 
had several strengths. We had included 
urban Bengali children, adolescents and 
young adults with good representation 
from different groups including age and 
sex. In addition, we used age and sex 
specific and Asian cut-off point of BMI. 
The equations for estimating upper arm 
muscle and fat areas and fat mass percent 
were used in Indian and Bangladeshi 
population previously.

In conclusion, the prevalence of 
overweight was same among males and 
females aged 7–21 years in Indian Ben-
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gali Hindu Population which was lower 
than other cities like Mumbai, Delhi and 
Pune. However, fat percent estimated us-
ing skinfold thickness was higher in fe-
males than males. Fat percent increased 
with increasing age in females only. In 
addition, some SES variables and female 
gender associated with overweight. Both 
arm muscle and fat areas were higher in 
urban Kolkata males and females com-
pared to rural population of North Ben-
gal in West Bengal.
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