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Abstract

The aim of the present study was to investigate the potential for common genetic and environ-
mental influences on adiposity measures in Aggarwal Baniya families with adolescent children.
A cross-sectional study was conducted on 309 Aggarwal Baniya families, including 1539 indi-
viduals (271 fathers, 307 mothers, 967 children of both sexes) in New Delhi, India. Anthropo-
metric measurements were measured and various obesity indices were calculated. The preva-
lence of obesity in this community was high (BMI: fathers, 26.1 kg/m?; mothers, 29.4 kg/m?;
sons, 16.9-22.4 kg/m?; and daughters, 16.3-24.5 kg/m2). Correlation and Heritability was esti-
mated. Most sibling-sibling correlations were larger than the parent-offspring correlations, and
all parent-offspring and sibling-sibling correlations were larger than the corresponding spouse
correlation except for weight and waist circumference. For the obesity phenotypes, hip circum-
ference and waist hip ratio (\WHR) had the highest heritability of 82%, followed by waist height
ratio (WHIR, 52%), body mass index (BMI, 49%), weight (46%), waist circumference (45%),
and grand mean thickness (GMT, 35%). There is familial aggregation for obesity, as well as
gender differences in familial correlations of obesity in children with daughters being more like-
Ly than sons to be affected by parental obesity.
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Introduction

Obesity is a health phenomenon that involves both the physical and psychosocial
(emotional, social, psychological) well being of humans. Pediatric obesity adversely
contributes to children’s short and long-term physical and psychosocial health out-
comes and is likely to contribute largely to adult-onset morbidity (Chaoyang, 2009).
The latent or cumulative effects of obesity in childhood result in higher adult morbidi-
ty and premature mortality (Franks, 2010).

Because of the complexity of the problem and the adverse consequences of child-
hood overweight and obesity, primary prevention is likely the most important inter-
vention. Early action can prevent or minimize obesity and overweight and their associ-
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ated psychosocial, cognitive and health outcomes (Bussey, 1997). Obesity is not a single
disorder but a heterogeneous group of conditions with multiple causes. Body weight is
determined by an interaction between genetics, environmental and psychological fac-
tors acting through the physiological mediators of energy intake and expenditure
(Marti, 2004).

The relationships between obesity and inheritance have been explored in a lim-
ited fashion and not in the context of parenting. There are twins, adoption and family
studies which have established that obesity is highly heritable and individual risk of
obesity increases when one has relatives who are obese (Stunkard, 1986; Rice, 1999).
Besides, there are studies which support the hypothesis that familial factors (biological
and/or environmental) affecting the development of adiposity emerge at specific ages
and are related to adiposity of both parents (Whitaker, 1997). Studies have reported
high parent-offspring correlation for linear measurements and osseous girths and low
values for girth and skinfold measurements suggesting that in measurements relating
to skeleton mass, a considerable genetic component is involved (Satwanti, 1985).

Identification of genetic variants related to obesity (Frayling, 2007) suggests that
parent-offspring BMI associations are due in part to genetic influences (Maes, 1997). On
the other hand, rapid increases in obesity worldwide in recent decades (Stamatakis,
2005; Berg, 2005) are likely attributable to changes in environmental factors (Lake, 1997;
Strauss, 1999). It is possible that parent-offspring associations could be due to shared
environment, such as socioeconomic position, diet, physical activity levels, and other
lifestyle factors (Simonen, 2002; Kivimaki, 2007).

Parental obesity is arguably the strongest determinant of offspring obesity, with
measures of offspring fatness increasing linearly with increasing level of parental fat-
ness. Researchers have documented relationships between BMI of parents and their
children (Danielzik, 2002). However no published data has reported the heritability of
obesity among Baniya community, a homogenous population. The purpose of this
study was to investigate, the associations between childrens” BMI and their parents’
BMI and their interactions among Baniya population.

Materials and methods
Population under study

The present study was conducted on Aggarwal Baniyas of Delhi. Baniya is generic
term used for some communities which basically means a trading community. They
are divided into number of subcaste such as Aggarwals, Barnwal, Kesharwani, Maha-
war, Maheshwari, Mahur, Mahuri, Mathuria Vaishya, Khandelwals, Oswals, Omar,
Rastogis, Sunga, Ghate Banias, Parwars and Porwals. The Aggarwals are generally
considered to be the largest and most influential of the Baniya communities from
northern India. Aggarwals are largely a trading community. They practice caste en-
dogamy and gotra exogamy.

Recruitment of subjects

Data was collected by multistage, stratified sampling method from 309 Aggarwal
Baniyas families located in Delhi, having at least one child in age group of 11-19 years
and their respective parents. In total data was collected on 1545 subjects having 271
males, 307 females and 967 children of both sexes. The majority of children resided
with their parents in family households. Exclusion criteria included obesity secondary
to hypothyroidism, severe debilitating diseases, or cancer. In addition, women who
were pregnant or lactating were excluded so were the inter-caste offspring. Partici-
pants from a wide range of socio-economic group were enrolled. The study was


http://en.wikipedia.org/wiki/Barnwal
http://en.wikipedia.org/wiki/Maheshwari
http://en.wikipedia.org/wiki/Mathur_Vaishya
http://en.wikipedia.org/wiki/Khandelwal
http://en.wikipedia.org/wiki/Oswal
http://en.wikipedia.org/wiki/Omar_(Vaishya)
http://en.wikipedia.org/wiki/Rastogi
http://en.wikipedia.org/wiki/Sunga_(caste)
http://en.wikipedia.org/wiki/Ghate_Bania
http://en.wikipedia.org/wiki/Parwar
http://en.wikipedia.org/wiki/Porwal
http://en.wikipedia.org/wiki/Agarwal

Eurasian J. Anthropol. 2(2):85-95, 2011

approved by the Ethical Committee of the Department of Anthropology, University of
Delhi and informed consent was obtained from each subject. For minor children con-
sent was obtained from either parent.

Anthropometric measurements

Body weight was measured by using spring balance to the nearest 500 g, stature with
the help of Martin’s Anthropometer to the nearest mm. Both the measurements were
taken according to the techniques described by Weiner and Lourie (1981). As an indica-
tor of fatness-body mass index was calculated as weight (kg) divided by stature (m)
square and categorized as normal (< 25.0), overweight (25.0-<30.0), and obese (> 30.0)
(WHO, 1998). Waist-to-hip ratio (WHR) was calculated by dividing waist circumfer-
ence by hip circumference. High waist hip ratio was defined as 20.9 in men and >0.85
in women (WHO, 2000). Waist to height ratio (WHtR) was calculated as the ratio of
waist circumference (cm) to height (cm). High WHtR was defined as = .50 for both
males and females (Ashwell, 2005). Grand mean thickness (GMT) which is gross meas-
urement of subcutaneous fat is obtained by adding all skinfold thicknesses (biceps,
triceps, subscapular, suprailiac, abdominal, calf medial and calf posterior) taken at dif-
ferent sites, divided by the number of skinfold sites (Satwanti et al., 1980).

Statistical analysis

Data was analyzed by using computer software Statistical Package for the Social Sci-
ences (SPSS) version 15.0 for windows (SPSS Inc., Chicago, USA). Descriptive data
were expressed as mean values with standard deviations for continuous variables. The
degree of familial aggregation was evaluated by an intraclass correlation (Pearson cor-
relation) coefficient () after adjusting for age and sex. All analyses were two-tailed and
p-value < 0.05 and < 0.01 were considered statistically significant. Coefficient of herita-
bility, which estimates the proportion of phenotypic variance that can be accounted by
genetic variance was equal to the regression of the offspring on parent (Falconer 1981)
were also estimated for various indices. It is given by h?2 = VA/VP = b, where, VA is the
additive genetic variance; VP is the phenotype variance; and b is the regression co-
efficient.

Results

Full details of the basic characters of our study have been published previously (Gupta
and Kapoor, 2010). In brief, the prevalence of adult obesity was 42.7% in women and
21.2% in men. The mean BMI of mothers (29.4 kg/m?2) was higher than that of fathers
(26.1 kg/m?). The mean BMI of children ranged 16.9-22.4 kg/m? in sons and 16.3-24.5
kg/m? in daughters. The means and standard deviations of various measurements and
indices for parents along with ¢ values to compare the sex difference between parents
are given in Table 1. Males had statistically significant higher weight and height than
females. Though waist circumference was higher in males, hip circumference was
much higher in females. Body mass index (BMI) was found to be higher among fe-
males. Males had higher mean WHR than females. However, females had higher mean
WHIR than males. GMT was found to be higher in case of females. The difference be-
tween males and females for all the variables were found to be statistically significant
at different probability levels.

The means and standard deviations of various measurements and indices for
children are given in Table 2. Among pre-adolescent and adolescent boys and girls,
although pre-adolescent boys were lighter and shorter than pre-adolescent girls, ado-
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lescent boys were heavier and taller than adolescent girls. Although both hip and waist
circumference was higher in pre-adolescent girls than pre-adolescent boys, among ado-
lescent boys and girls hip circumference was higher in girls and waist circumference
was higher in adolescent boys. The value of waist hip ratio was also found to higher
among per-adolescent and adolescent boys than girls in all age group. The mean value
BMI and WHItR were found to be higher among per- adolescent and adolescent girls
than boys. GMT values were higher among girls as compared to their counterpart
boys.

Table 1: Descriptive statistics of anthropometric variables among fathers and mothers

Fathers Mothers t-value with

Variables N=271 N=307 level of signif-

X+SD X+SD icance
Weight (kg) 72.8 £13.12 68.1+11.47 4.74**
Height (cm) 166.7+5.81 152.1+5.51 30.4**
Hip circumference (cm) 98.1+8.42 107.2+10.90 7.12%*
Waist circumference (cm) 98.31£11.82 92.0£10.51 11.08**
Body mass index (BMI) 26.1+4.28 29.4+4.77 8.70**
Grand mean thickness(GMT) (mm) 22.9+7.80 32.0+6.90 13.82**
Waist to hip ratio (WHR) 1.0+0.07 0.86+0.07 23.48**
Waist to height ratio (WHtR) 0.59+0.07 0.60£0.07 2.67*
*P<0.01
**P<0.001

The intraclass correlations for various anthropometric measurements are given in
table 3-6. Compared with sons, daughters had higher correlations with their parents
for waist circumference. Daughters showed higher correlations with their mothers for
height and WHtR and that for weight, hip circumference, BMI and WHR with their
fathers. However, boys had higher correlation for height and GMT with their father
than girls. All heritability estimates were adjusted for age and sex using multivariate
regression analysis. For the obesity phenotypes, hip circumference and WHR had the
highest heritability of 82%, followed by WHtR (52%), BMI (49%), weight (46%), waist
circumference (45%) and GMT (35%).

Discussion

The prevention of obesity is considered a global health priority, if we are to accomplish
this goal, we must explore new ways of thinking. Prevalence of obesity is high and still
growing, it is important to understand who is at risk and its probable cause so that
preventive measures can be implemented accordingly. Most of the investigations of
factors that contribute to high BMI have been limited to environmental conditions and
circumstances without consideration of childrens” personal characteristics that may
interact with their environments and make them prone to obesity (Sobal, 1989; Kopel-
man, 2000; Lahmann, 2000; Merchant, 2007). Environmental components influence our
food habits, life style etc. however, they do not seem to explain the totality of the varia-
tion at the population level that accounts for individual differences in the body fat ac-
cumulation. Variability in obesity related outcomes observed among individuals
placed in similar controlled environment support the notion that genetic components
also wield some contribution (Weinsier, 2001).



Table 2: Age specific descriptive statistics of the anthropometric variables among boys and girls between ages 11 to 19 years

Age (years)
11 12 13 14 15 16 17 18 19

X £SD X £SD X £SD X £SD X+SD X+SD X+SD X+SD X+SD

Boys N=56 N=58 N=60 N=55 N=49 N=48 N=54 N=52 N=53
Weight 34.0+4.25 35.9£5.09 52.0+8.53 57.6+12.8 52.7+9.69 55.6+9.37 57.246.12 60.6+4.6 65.2+5.7
Height 140.3£3.86 145.6+8.73 158.8+6.9 165.2+4.5 164.4+3.98 165.0£10.85 171.2+4.7 167.7+4.7 170.8£5.3
HC 74.0+4.27 75.1+4.60 87.3+6.53 87.9£13.1 86.5£8.26 88.6+7.03 88.7+4.81 90.6+4.21 92.4+4.70
WC 65.4+6.97 66.2+5.34 76.7+10.4 78.9+10.7 76.319.03 76.249.27 75.1+6.74 75.9+7.32 83.2+4.31
BMI 17.3+2.09 16.9+1.07 20.6+3.14 21.1+4.46 19.6+4.04 20.4+2.38 19.6+2.34 21.6+2.08 22.4+2.68
GMT 13.6+4.98 11.4+4.88 18.1+7.87 18.4+7.26 15.1+9.20 17.7+5.20 13.3+3.99 15.9+5.00 18.6+3.37
WHR 0.88+.059 0.88+.030 0.88+.071 0.88+.053 0.88+.041 0.86+.055 0.85+.042 0.84+.054 0.90+.034
WHItR 0.47+.050 0.46+.040 0.48+.072 0.48+.065 0.46+.062 0.46+.053 0.44+.041 0.45+.046 0.49+.038

Girls N=51 N=54 N=52 N=50 N=50 N=56 N=54 N=56 N=59
Weight 39.6+10.75 39.846.93 36.0£9.42 44.6+6.16 49.5+7.68 53.1+6.13 56.6+9.54 59.0£9.7 54.5+7.51
Height 143.248.24 145.9+18.84 148.247.1 149.4+41 155.9£3.98 157.2+4.39 154.4+3.3 154.9+4.4 155.4+4.5
HC 78.8+9.81 80.9+6.96 76.1+10.0 85.9+4.99 90.6+6.25 93.0+4.04 96.4+9.45 91.0£14.9 93.7+8.08
WC 69.8+12.28 67.3+6.59 61.8+8.85 67.1+6.30 74.7+7.49 79.2+8.03 79.0+6.42 79.8+13.6 76.0+8.88
BMI 19.2+4.29 18.0+2.59 16.3+3.46 20.0+2.59 20.3+3.09 21.5+2.11 23.8+4.28 24.5+3.93 22.7+4.13
GMT 18.6+8.40 15.4+4.00 10.2+3.86 15.0£3.77 20.1+5.35 21.4+4.85 26.0+6.94 23.6+6.78 22.3+7.40
WHR 0.88+.059 0.83+.025 0.81+.072 0.78+.037 0.82+.072 0.85+.069 0.82+.034 0.89+.120 0.81+.034
WHItR 0.49+.074 0.45+.040 0.42+.052 0.45+.042 0.48+.050 0.50+.044 0.51+.046 0.52+.087 0.49+.070




Table 3: Mother-daughter correlation of anthropometric variables between ages 11 to 19 years

Age (years) h?

11 12 13 14 15 16 17 18 19 (%)
Weight 122 -.041 -.185 103 -.185 101 -247 -086 .111 2-19
Height -.034 215 -637**  -026 -.213 .081 -.008 -.078 -.023 1-64
HC 197 -.058 -.140 200 -.198 017 -176 -194 .180 1-26
WC .085 .043 -.650** 232 .081 131 -070 -.180 .100 3-45
BMI .130 -.041 -.255 183 -.261 043 -234 -067 .142 2-24
GMT 273 -189 -.150 .000 .068 203 -185 -.031 .338* 1-35
WHR -.076 .003 -.132 .262 .060 -.004 242 -.042 -.069 1-62
WHIR .130 .033 -713** 227 .047 160 -.029 -180 .114 2-52

*P<0.05 **P<0.01

Table 4: Mother-son correlations of anthropometric variables between ages 11 to 19 years

Age (years) h?

11 12 13 14 15 16 17 18 19 (%)
Weight .004 101 .023 266 131 054 123 -219 061  1-16
Height -.041 -013 -156 .008 -240 -.094 016  .201 -045  2-20
HC .048 035 182 163 198 136 -011 -229  -055 1-14
WC -.100 -139 094 148 049 070 .029 -147  -.038 2-18
BMI 071 -028 213 148 072 -032 -012 -197 -098 1-13
GMT -.089 -109  .292* 048 198 038 .012 -486** (014 1-32
WHR -.056 -166 -201 -140 -020 .087 -.004  .002 106 1-20
WHItR -.076 -258 141 046 011 .055 -.069 -101 -139  1-14

*P<0.05**P<0.01

Table 5: Father-daughter correlation of anthropometric variables between ages 11 to 19 years

Age (years) h?

11 12 13 14 15 16 17 18 19 (%)
Weight 151 -189  -.057 034 .325* -150 246 -172 .059  2-46
Height 147 -100  -196 -079 203 -037 -069 -003 -099 1-21
HC -.047 -104  -450** 092 276 030 202 -029 .034 2-82
WC 163 -156  -332* 068 130 -157 233  .079 -.024 437
BMI 182 -129  -426** 004 296 037 185 .013  .041 149
GMT 119 026  -563 066 181 -033 270 .016 -020 1-30
WHR 244 039 .765** -133 -074 -254 -209 216 .013 1-82
WHItR 187 -163  -123 031 19 -.062 207 177 -065 2-24

*P<0.05 **P<0.01

Table 6: Father-son correlation of anthropometric variables between ages 11 to 19 years

Age (years) h?

11 12 13 14 15 16 17 18 19 (%)
Weight 121 -046  -247 103 213 .09 161 -138  .051 @ 2-20
Height 240 A122 -031  .293* 097 -060 -159 -009 -128 @ 4-33
HC .089 023 -308* 117 119 151 093  -053 -.064  2-30
WC -.003 -026  -201 .085 167 149 209 -125  .054  1-20
BMI 186 017  -293* 152 08 116 188 -.012 -.022 1-23
GMT 095 028  -272* 172 135 160 .045 -072 -067  2-25
WHR -124 .019 .091 .035 059 106 198 -086  .013  1-12
WHitR 111 067  -137 075 115 100 238  -.044 -.027 215

*P<0.05 **P<0.01



Gupta and Kapoor

The utilization of correlation between sibs and of variance analysis of sibships is
not the ideal methods to determine the extent of genetic involvement. However the fact
that environmental factors presents more important contribution to the correlation be-
tween sibs than to the parent-child correlation, at least for measurements easily influ-
enced by environment, means that the comparison between intrafamilial correlations
permit us to evaluate genetic, environmental and dominance effect (Susanne, 1975).

The results of the present study show that there is a high prevalence of obesity
among Baniya subjects with females being more obese as compared to males (Gupta
and Kapoor, 2010). The correlation between spouses was not statistically different from
zero except for weight and waist circumference. The correlation for stature which is a
character liable to an appreciable degree of assortative mating in European populations
(Spuhler, 1968) was not statistically significant. The low and statistically non-
significant correlations between these measurements of spouses are important, for they
indicate that assortative mating for these body dimensions are either absent or so small
that they can be neglected in interpreting other intra-familial correlations. However,
significant correlation for weight and waist circumference has been observed between
spouses. Since spouses are not related by blood, any correlation probably reflects the
environmental factors to which the couple is exposed. In addition, these correlations
may be due to the effects of assortative marriages (Inoue, 1996). The significant values
for weight and waist circumference are in agreement with other findings among Indian
populations (Kaur, 1981; Byard, 1985). In a study conducted among Korean nuclear
families also nonzero correlations for height, weight, and hip circumference between
spouses were observed (Park 2004). The high correlation between fathers and mothers
for weight and waist circumference can be explained as due to the common intrafamil-
ial food habits.

Among mother-daughter, significant but negative value of correlation suggests
that with decrease in height of one group the height of other group increased, thus
showing a secular trend in height between mothers and their daughters. Similarly sta-
tistically significant positive correlation has been observed between fathers and their
son, thus suggesting maternal and paternal effect on daughter and son respectively as
reported in other study (Rao, 1975) also. The results in the present study were con-
sistent with the findings of previous studies (Russel, 1976; Sinha, 2006; Li, 2009;
Kunesova, 2010). The results opposite to the present study were found in others studies
(Acheson, 1967; Roberts, 1978).

In the present study, heritability of weight and height among Baniya subjects
varied from 2 to 46% and 1 to 64 % respectively. The findings in the present study were
consistent with the other Indian studies (Dasgupta et al., 1997; Raychaudhuri, 2003). In
number of studies on Indian population, heritability estimates of more than 1.0 were
also observed (Rebato et al., 2005; Salces et al., 2007; Salces et al., 2009). As a whole,
heritability of weight was low from parents to children. In our study, we found that
hip circumference and WHR had heritabilities higher than that for BMI, WHtR, GMT
and waist circumference. This finding is not in concert with the findings in several pre-
vious studies which reported that BMI, waist circumference, and skin-fold thickness
had heritabilities higher than that for WHR (Katzmarzyk, 2000; Poulsen, 2001; Pausova,
2001; Freeman, 2002; Wu, 2003).

In the present study, heritability estimates ranged from 1% to 82% for hip cir-
cumference and WHR, from 1% to 52% for WHItR, from 1% to 49% for BMI, 1% to 45%
for waist circumference and from 1% to 35% for GMT. Among the aforementioned
studies, only one study (Pausova, 2001) reported that WHR had a higher heritability
than BMLI. In a study of estimating genetic and environmental contributions in North-
ern Manhattan study, one study (Juo, 2004) reported substantial genetic contribution to
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BMI (36% to 80%), waist circumference (37% to 49%) and skinfold thicknesses (11% to
54%) and 6% to 42% for WHR. There is a study which (Bouchard, 1998) reported herit-
ability estimates for BMI to be 25-40%, whereas another study reported (Katzmarzyk,
2000) heritability of fatness to be 40-60% and that of fat distribution to be 29-48%. BMI
represents total body size, waist circumference reflects central fat, GMT is a parameter
for subcutaneous fat, WHtR and WHR are used for body fat distribution. Therefore, all
the phenotypes are related but may not be influenced by the same genetic factors. To
our knowledge, this is the first report of heritability of the adiposity indices among
Aggarwal Baniya population. Our results confirm that genetic factors contribute to the
familial aggregation of the obesity and its components.

The literature shows that, with regard to stature, parent-child correlations in-
creases very rapidly during the first year, slow down later on, then somewhat decrease
during puberty and increase again afterwards (Garn, 1976; Byard, 1989). Salces et al.
(2009) also reported lowest heritability during puberty and highest at the end of
growth period. This general trend from birth to maturity reflects the growing contribu-
tion of the children's own genes. Conversely, the influence of maternal factors on
weight gradually decreases from birth up to the age of three (Garn, 1976). However,
the results in the present study showed opposite trend as the correlation coefficients
for various adiposity measurements were found to be significant in pubertal age peri-
ods but were non-significant during post-pubertal period (12-15 year for girls and 14-
17 year for boys; >15 year for girls and >17 year for boys respectively). A study on sib-
lings of Basque origin (Rebato, 1997) confirmed that the correlation coefficients of body
dimensions also fluctuate during growth, as the degree of genetic determination after
puberty was higher with regard to bone measurements but unrelated to weight, which
reported higher correlation coefficients than the present study.

There was a gender difference among the children regarding resemblance to pa-
rental anthropometric characteristics. Daughters had a higher tendency than sons to
resemble their parents, as they were more significantly correlated with their parents
than sons. Although it is not known why sons had lower correlations with their par-
ents than daughters, peer group influences may be greater than familial influences on
male adolescents. Among Baniya population, daughters showed higher correlations
with their parents for waist circumference which was consistent with the finding of
other studies (Park, 2006). The heritability of waist circumference among Baniya popu-
lation varied from 0 to 46% which was higher than reported in another study (Lin,
2005).

In the present study, the observation that sibling-sibling correlation (not shown
in tables) for various measurements were higher than parent-child correlations is con-
sistent with the hypothesis that there were significant differences between the envi-
ronment of parents and children in these populations. Between-generation shift in so-
cial class may also have contributed to difference in the environment of parent and
child (Russel, 1976). Overall stature showed higher intrafamilial correlation and herita-
bility than weight among Baniya subjects, a common general finding (Rebato et al.,
2005) suggesting greater genetic influence on stature and greater environmental effect
on body weight.

Our study has several limitations. First, the cross-sectional sampling design does
not allow inferences to be drawn with respect to the causal relationships among varia-
bles. Second, the study sample is only representative of adult Baniyas residing in Delhi,
and findings may therefore not be generalizable to entire Delhi settings. Due to a lim-
ited sample size of 1539 subjects, we cannot rule out that there may be additional gen-
der-related differences that we did not have sufficient statistical power to detect. De-
spite these limitations, this study provides important data regarding the correlation
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and heritability of obesity related factors among adults in an urban Delhi setting.

Conclusion

We have shown here that, there is familial aggregation as well as gender differences in
familial correlations of adiposity traits in children with daughters being more likely
than sons to be affected by parental indices of adiposity. Our results confirm that there
is an age-related trend in heritability estimates of adiposity traits. Further studies are
necessary to investigate specific genetic and environmental factors related to the adi-

posity.

Acknowledgements

The financial assistance to SG from Indian Council of Medical Research (ICMR) is
gratefully acknowledged. We extend our gratitude to our entire participant without
whom cooperation this data could not have been known. We also acknowledge the
support of Department of Anthropology, University of Delhi, India for providing us
the infrastructure for conducting our study.

Bibliography

Acheson RM, Fowler GB. (1967) On the inheritance of stature and blood pressure. ] Chronic Dis
20:731-745.

Ashwell M. (2005) Waist to height ratio and the Ashwell shape chart could predict the health
risks of obesity in adults and children in all ethnic groups. Nutr Food Sci 35:359-364.

Berg C, Rosengren A, Aires N, Lappas G, Toren K, Thelle D, Lissner L. (2005) Trends in over-
weight and obesity from 1985 to 2002 in Goteborg, West Sweden. Int ] Obes (Lond) 29:916-
24.

Bouchard C, Perusse L, Rice T and Rao DC. (1998) The genetics of human obesity. In: Bray GA,
Bouchard C, James WPT, editors. Handbook of obesity. New York: Dekker, p 157-190.

Bussey B, Morgan S. (1997) Obesity: is there effective treatment now? Consultant 37:2945-2957.

Byard PJ, Poosha DVR, Satyanarayana M. (1985) Genetic and environmental determinants of
height and weight in families of Andhra Pradesh, India. Hum Biol 57:621-633.

Byard PJ, Siervogel RM, Roche AF. (1989) Age trends in transmissible and non-transmissible
components of family resemblance for stature. Ann Hum Biol 15:111-118.

Chaoyang Li, Earl SF, Guixiang Z, Ali HM. (2009) Prevalence of pre-diabetes and its association
with clustering of cardiometabolic risk factors and hyperinsulinemia among U.S. adoles-
cents: National Health and Nutrition Examination Survey 2005-2006. Diabetes Care 32:342-
347.

Danielzik S, Langnase K, Mast M, Spethmann C, Muller MJ. (2002) Impact of parental BMI on
the manifestation of overweight 5-7 year old children. Eur ] Nutr 41:132-8.

Dasgupta I, Dasgupta P, Daschaudhuri AB. (1997) Familial resemblance in height and weight in
an endogamous Mahishya caste population of rural West Bengal. Am ] Hum Biol 9:7-9.

Falconer DS. (1981) Introduction to quantitative genetics (2nd ed). London and New York:
Longman.

Franks PW, Hanson RL, Knowler WC, Sievers ML, Bennett PH, Looker HC. (2010) Childhood
obesity, other cardiovascular risk factors, and premature death. N Engl ] Med 362:485-493.
Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM, Lindgren CM, Perry JR, Elliott
KS, Lango H, Rayner NW, Shields B, Harries LW, Barrett JC, Ellard S, Groves CJ, Knight B,
Patch AM, Ness AR, Ebrahim S, Lawlor DA, Ring SM, Ben-Shlomo Y, Jarvelin MR, Sovio U,
Bennett AJ, Melzer D, Ferrucci L, Loos R], Barroso I, Wareham NJ, Karpe F, Owen KR, Car-
don LR, Walker M, Hitman GA, Palmer CN, Doney AS, Morris AD, Smith GD, Hattersley
AT, McCarthy MI. (2007) A common variant in the FTO gene is associated with body mass
index and predisposes to childhood and adult obesity. Science 316:889-94.

Freeman MS, Mansfield MW, Barrett JH, Grant PJ. (2002) Heritability of features of the insulin


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zeggini%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Freathy%20RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lindgren%20CM%22%5BAuthor%5D

Eurasian J. Anthropol. 2(2):85-95, 2011

resistance syndrome in a community-based study of healthy families. Diabet Med 19:994-
999.

Garn SM, Bailey SM, Cole PE. (1976) Similarities between parents and their adopted children.
Am ] Hum Biol 45:539-543.

Gupta S, Kapoor S. (2010) Sex differences in blood pressure levels and its association with obesi-
ty indices: who is at greater risk? Ethn Dis 20:370-375.

Inoue K, Sawada T, Suge H, Nao Y, Igarashi M. (1996) Spouse concordance of obesity, blood
pressures and serum risk factors for atherosclerosis. ] Hum Hypertens 10:455-459.

Juo SHH, Lin HF, Rundek T, Sabala EA, Boden-Albala B, Park N, Lan MY, Sacco RL. (2004)
Genetic and environmental contributions to Carotid Intima-Media Thickness and Obesity
Phenotypes in the Northern Manhattan Family Study. Stroke 35:2243-2247.

Katzmarzyk PT, Malina RM, Perusse L, Rice T, Province MA, Rao DC, Bouchard C. (2000) Fami-
lial resemblance in fatness and fat distribution. Am ] Hum Biol 12:395-404.

Kaur DP, Singh R. (1981) Parent-adult offspring correlations and heritability of body measure-
ments in a rural Indian population. Ann Hum Biol 8:333-339.

Kivimaki M, Lawlor DA, Smith GD, Elovainio M, Jokela M, Keltikangas-Ja rvinen L, Viikari JS,
Raitakari OT. (2007) Substantial intergenerational increases in body mass index are not ex-
plained by the fetal overnutrition hypothesis: the Cardiovascular Risk in Young Finns Study.
Am ] Clin Nutr 86:1509-14.

Kopelman PG. (2000) Obesity as medical problem. Nature 404:635-643.

Kunesova, M, Hlavaty, P, Kalouskovéa, P, Bajzova M, Hlavata K, Hill M, Saris W, Astrup A.
(2010) Relation of weight, height and BMI of child to parental characteristics in families with
obese or overweight parents before weight management: diogenes project. Endocrine Ab-
stracts 22:P715.

Lahmann RH, Lissner L, Gullberg B, Berglund G. (2000) Sociodemographic factors associated
with long-term weight gain, current body fatness and central adiposity in Swedish women.
Int J Obs 24:685-694.

Lake JK, Power C, Cole TJ. (1997) Child to adult body mass index in the 1958 British birth co-
hort: associations with parental obesity. Arch Dis Child 77:376-81.

Li L, Law C, Conte RL, Power C. (2009) Intergenerational influences on childhood body mass
index: the effect of parental body mass index trajectories 1-4. Am J Clin Nutr 89:551-7.

Lin HF, Boden-Albala B, Juo SH, Park N, Rundek T, Sacco RL. (2005) Heritabilities of the meta-
bolic syndrome and its components in the Northern Manhattan Family Study. Diabetologia
48:2006-2012.

Maes HH, Neale MC, Eaves LJ. (1997) Genetic and environmental factors in relative body
weight and human adiposity. Behav Genet 27:325-51.

Marti A, Moreno-Aliaga M], Hebebrand ], Marti'nez JA. (2004) Genes, lifestyles and obesity. Int
J Obs 28:529-536.

Merchant AT, Dehghan M, Behnke-Cook D, Anand SS. (2007) Diet, physical activity, and adi-
posity in children in poor and rich neighbourhoods: a cross-sectional comparison. Nutrition
Journal 6:1.

Park HS, Park JY, Cho SI. (2006) Familial aggregation of the metabolic syndrome in Korean fam-
ilies with adolescents. Atherosclerosis 186:215-221.

Park HS, Yim KS, Cho SI. (2004) Gender Differences in Familial Aggregation of Obesity-related
Phenotypes and Dietary Intake Patterns in Korean Families. Ann Epidemiol 14:486-491.

Pausova Z, Gossard F, Gaudet D, Tremblay J, Kotchen TA, Cowley AW, Hamet P. (2001) Herit-
ability estimates of obesity measures in siblings with and without hypertension. Hyperten-
sion 38:41-47.

Poulsen P, Vaag A, Kyvik K, Beck-Nielsen H. (2001) Genetic versus environmental aetiology of
the metabolic syndrome among male and female twins. Diabetologia 44:537-543.

Rao DC, MacLean CJ, Morton NE, Yee S. (1975) Analysis of family resemblance. V. Height and
weight in Northern Brazil. Am ] Hum Genet 27:509-520.

Raychaudhuri A, Ghosh R, Vasulu TS, Bharati P. (2003) Heritability estimates of height and
weight in Mahishya Caste Population. Int ] Hum Genet 3:151-154.

Rebato E, Salces I, Martin LA, Rosique ], Hauspie R, Susanne C. (1997) Age variations in sibling



Gupta and Kapoor

correlations for height, sitting height and weight. Ann Hum Biol 24:585-592.

Rebato E, Salces I, Saha R, Sinha M, Susanne C, Hauspie RC, Dasgupta P. (2005) Age trends of
sibling resemblance for height, weight and BMI during growth in a mixed longitudinal sam-
ple from Sarsuna-Barisha, India. Ann Hum Biol 32:339-350.

Rice T, Perusse L, Bouchard C, Rao DC. (1999) Familial aggregation of body mass index and
subcutaneous fat measures in the longitudinal Quebec family study. Genet Epidemiol
16:316-334.

Roberts DF, Billewicz WZ, McGregor IA. (1978) Heritability of stature in a West African popula-
tion. Ann Hum Genet 42:15-25.

Russel M. (1976) Parent-child and sibling-sibling correlations of height and weight in a rural
Guatemalan population of preschool children. Hum Biol 48:501-515.

Salces I, Rebato E, Susanne C, Hauspie RC, Saha R, Dasgupta P. (2007) Heritability variations of
morphometric traits in West Bengal (India) children aged 4-19 years: a mixed longitudinal
growth study. Ann Hum Biol 34:226-239.

Salces I, Rebato E, Susanne C, Hauspie RC, Saha R, Fernandez-Lopez JR, Dasgupta P. (2009)
Multifactorial analysis of a mixed-longitudinal sample of Indian siblings: age and sex effects
on heritability. Homo 60:373-388.

Satwanti K, Singh IP, Bharadwaj H. (1980) Fat distribution in lean and obese young Indian
women: a densitometric and anthropometric evaluation. Am ] Phys Anthropol 53:611-616.
Satwanti K, Singh IP, Bhalla R, Kapoor AK. (1985) Parent offspring correlation for body meas-

urements and subcutaneous fat disribution. Hum Biol 578:141-150.

Simonen RL, Perusse L, Rankinen T, Rice T, Rao DC, Bouchard C. (2002) Familial aggregation of
physical activity levels in the Quebec Family Study. Med Sci Sports Exerc 34:1137-42.

Sinha R, Kapoor S. (2006) Parent-child correlation for various indices of adiposity in an endog-
amous Indian population. Coll Antropol 30:291-296.

Sobal J, Stunkard AJ. (1989) Socioeconomic status and obesity: a review of literature. Psychol
Bull 105:260-275.

Spuhler TN. (1968) Assortative mating with respect to physical characteristics. Eugen Quart
15:128-140.

Stamatakis E, Primatesta P, Chinn S, Rona R, Falascheti E. (2005) Overweight and obesity trends
from 1974 to 2003 in English children: what is the role of socioeconomic factors? Arch Dis
Child 90:999-1004.

Strauss RS, Knight J. (1999) Influence of the home environment on the development of obesity
in children. Pediatrics 103:e85.

Stunkard AJ, Foch TT, Hrubec Z. (1986) A twin study of human obesity. JAMA 256:51-4.

Susanne C. (1975) Genetic and environmental influences on morphological characteristics. Ann
Hum Biol 2:279-287.

Weiner JS, Lourie JA. (1981) Human biology. A guide of field methods. IBP Handbook NO. 9.
Blackwell Scientific Publicatons, Oxford.

Weinsier RL, Gary RH, Barbara AG, Yves S, Betty ED, Paul AZ. (2001) Body fat distribution in
white and black women: different patterns of intraabdominal and subcutaneous abdominal
adipose tissue utilization with weight loss. Am J Clin Nutr 74:631-6.

Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. (1997) Predicting obesity in young
adulthood from childhood and parental obesity. N Engl ] Med 337:869-73.

World Health Organization (WHO) (1998). Obesity: preventing and managing the global epi-
demic. Report of a WHO consultation on Obesity. Geneva: World Health Organization.

World Health Organization (WHO) (2000). Obesity: preventing and managing the global epi-
demic. Report of a WHO consultation. Geneva: World Health Organization.

Wu DM, Hong Y, Sun CA, Sung PK, Rao DC, Chu NF. (2003) Familial resemblance of adiposity-
related parameters: results from a health check-up population in Taiwan. Eur J Epidemiol
18:221-226.


http://www.informaworld.com/smpp/title~db=all~content=t713723502
http://www.informaworld.com/smpp/title~db=all~content=t713723502~tab=issueslist~branches=24#v24



