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Abstract
Introduction:The Fat mass and obesity associated (FTO) rs9939609 gene polymorphism has been studied in many parts of the
world to find its implication on obesity and Type 2 diabetes mellitus.
Objective:The present study is conducted to find out the association of FTO gene polymorphism with adiposity markers among
the adult population of North Delhi.
Materials and Method: Anthropometric measurements and intravenous blood sample were collected from 247 individuals
who were residing in Delhi for more than 15 years. Informed written consent was also taken before conducting the study from
each individual. DNA (Deoxyribose Nucleic Acid) isolation and genotyping were carried out using standard protocol. Statistical
analysis was done using SPSS version 17.0.
Results: Maximum mean of waist circumference, body mass index and conicity index are found to be associated with the risk
genotype of FTO marker.
Conclusion: This study revealed the difference in the prediction of FTO genotypes on different adiposity markers.
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Introduction
In Indian context where diversity exists at every level,
the prevalence of overweight and obesity varies in different
populations [1]. Obesity has been reported tobe as low as 1.50%
to as high as 45.6% among Indian populations[2].Uncoupling
Protein1 (UCP1) is mainly expressed in mitochondrial membrane
of Brown Adipose Tissue(BAT) which plays an important role in
thermogenesis [3]. UCP1 has been suggested as an obesity gene
in humans and it has been reported to be associated with blood
pressure as well[4].The FTO protein is greatly articulated in
hypothalamus, as well as in many other tissues such as mesenteric
fat, adipose tissue, pancreas, and liver[5] It helps in regulating the
metabolic rate, expenditure of energy, homeostasis of energy, size
of the body and accumulation of body fat [6]. First intron of FTO
(Fat-mass and Obesity associated gene) rs9939609 (A/T variant)
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is especially attributed as one of the most known genetic factors
predisposing humans to non-monogenic obesity [7-9]. Numerous
common genetic variants associated with obesity have identified
by Genome-Wide Association Studies (GWAS) [10]. Obesity traits
which could increase body mass index by 0.22-0.66 per risk allele
were found to be consistently associated with Fat mass and the
obesity-associated gene (FTO) locus in several populations[11-13].
It is well established that there is an association between
FTO and obesity risk, however obesity risk related to FTO may
be modulated by lifestyle[14]. Body fatness mediated by FTO
may be attenuated in physically active individuals has been
suggested by numerous studies [15-17]. Those individuals who
carry the risk allele of FTO gene have been reported to have more
weight, BMI, and Waist Circumference (WC), respectively [16].
The present study aims to determine the association of FTO gene
polymorphism with adiposity markers among the adult population
of North Delhi.
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Materials and Methods
Study Subjects
The present study was a cross sectional study conducted
among the heterogeneous population of Delhi, the capital city of
India. The selected study population were the inhabitants of Delhi
for more than 15-20 years. The study area covered North Delhi. A
total of 247 participants of either sex (117 males and 130 females)
in the age group of 20-55 years were randomly selected from the
study population. Pre-informed written consent was taken prior
to the study from each subject. Socio-demographic data such as
name, age sex, place, education, income occupation etc. were
recorded from each participants using standardized proforma after
explaining the purpose of the study. The participants were in the
lower- middle income group and mostly engaged in business. 2 ml
of intravenous blood sample was also collected using single use
syringe by a well-trained nurse. Ethical approval was taken from
the departmental ethical committee.

Anthropometric Measurements and Classifications
Before starting the measurements of the body, all the
participants were properly explained the protocols to be followed
for active participation. Anthropometer rod, flexible steel tape and
portable weighing machine were used to measure height and body
weight respectively. Minimum waist circumference and maximum
hip circumference were measured by using flexible steel tape.
Waist circumference with >90 for males and >80 for females
as risk [18]. Body Mass Index (BMI) is classified according to
WHO[19]. Waist-Hip Ratio is classified according to Willett, et
al. [20]as for male, the normal range is ≤ 0.95 and risk ≥ 0.95; for
female, the normal range is ≤ 0.80 and risk ≥ 0.80. Body Adiposity
Index (BAI) is classified by finding out the quartiles and Conicity
Index (CI) is categorized as >1.25 for male and >1.18 for female
as risk.

Genotyping
DNA isolation was done from 1ml of blood by using salting
out method [21]. Genetic analysis was carried out from the isolated
DNA. The FTO rs9939609 was amplified in 105 base pair by
PCR using New England Biolabs PCR kit (forward primer: 5´GGTTCCTTGCGACTGCTGTGAAATT-3´and reverse primer:
3´- GCTTTTATGCTCTCCCACTC- 5´. PCR reactions were
carried out in a final volume of 20 μl which contained 3 μl of DNA,
1.0 μl of each of forward and reverse primer, 2 μl of 10X buffer
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(Mg free), 1.6μl of 2mM dNTPs, 1.6μl of 2mM MgCl2, 0.5 μl of
Taq DNA polymerase and the remaining volume by distilled water.
PCR cycling conditions were set at 94֯C for 5 minutes,94֯C for 1
minute, 50֯C for 1 minute and 55֯C for 1 minute for complete 35
cycles and final extension at 72֯C for 10 minutes. The products
of PCR were then digested with the ApoI restriction enzyme
and set for overnight incubation at 37֯C.The digested products
were then separated by using 2% agarose in 1X TAE buffer
with ethidium bromide for fluorescence in gel electrophoresis at
120volt. The isolated genotypes were then visualized under the
Gel Documentation system. The genotypes were AA, TAand TT.

Statistical Analysis
Data was analysed by using SPSS version 17.0. One way
Anova test and multinomial logistic regression were found out
to determine the association and risk of FTO polymorphism with
adiposity markers.

Results
The polymorphism of FTO marker was found to be in HardyWeinberg Equilibrium. The genotype frequencies of TT, AA and
TA were found to be 0.36, 0.16 and 0.48 respectively and the allele
frequencies of T and A alleles were 0.6 and 0.4 respectively.
Mean and standard deviation of different anthropometric
measurements and adiposity indices according to the three
genotypes of FTO marker are displayed in (Table 1). Mean of
stature and waist hip ratio are found to be maximum in the mild
risk genotype (TA) as compared to the other genotypes. Maximum
measures of body weight, waist circumference, hip circumference,
body mass index, waist height ratio and conicity index are found
amonghigh risk variant of FTO marker.
The present study also explores the prediction of TA and AA
genotypes on different adiposity markers by using multinomial
logistic regression and it is provided in (Table 2). Waist
circumference is found to have less than 1 times [OR= 0.96 (0.5791.590)] probability of association with the risk alleles followed by
waist height ratio [OR= 0.914 (0.529 - 1.580)]. Effect of risk alleles
on body mass index, waist hip ratio, body adiposity index and
conicity index are more than one times. Highest prediction is found
to be associated with BAI [OR= 1.494 (0.798 - 2.799)] followed
by CI [OR = 1.319 (0.690 - 2.523)], WHR [OR= 1.292 (0.782 2.135)] and BMI [OR = 1.071 (0.627 - 1.829)] respectively.
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Mean ± Standard deviation

Characteristics

F- value

TT

TA

AA

Stature (cm)

160.3 ± 9.34

161.7 ± 9.30

160.7 ± 8.26

0.415

Body weight (kg)

70.6 ± 16.23

70.4 ± 14.64

71.4 ± 15.56

0.070

Waist circumference (cm)

85.9 ± 13.12

86.1 ± 16.31

87.3 ± 12.39

0.224

Hip circumference (cm)

98.8 ± 10.67

96.7 ± 16.01

98.9 ± 8.57

0.700

Body mass index

27.3 ± 5.46

27.1 ± 5.80

27.6 ± 5.36

0.144

Waist hip ratio

0.86 ± 0.09

0.98 ± 0.80

0.88 ± 0.09

1.887

Waist height ratio

0.53 ± 0.10

0.53 ± 0.07

0.54 ± 0.07

0.275

Body Adiposity index

30.9 ± 6.77

29.3 ± 9.67

30.7 ±5.85

0.910

Conicity index

1.1 ± 0.08

1.2 ± 0.16

1.2 ± 0.08

0.330

Table1: Mean and standard deviation of the basic characteristics.

Adiposity Markers

TA+AA
OR (95 % CI)

Waist
Circumference

Risk

0.960 (0.579 - 1.590)

Body mass index

Overweight

1.071 (0.627 - 1.829)

Waist hip ratio

Risk

1.292 ( 0.782 - 2.135)

Waist-height ratio

Risk

0.914 (0.529 - 1.580)

Body adiposity
index

Lower quartile

1.494 (0.798 - 2.799)

Upper quartile

0.933 (0.500 - 1.739)

Conicity index

Risk

1.319 (0.690 - 2.523)

Table2: Multinomial logistic regression analysis of adiposity marker and
genotypes.

Note:
a.

The reference category is: TT.

b.

OR = Odds ratio

c.

CI = Confidence Interval

Discussion
In the present study, various risk factors of obesity were
evaluated among the adult population of Delhi. Hypertension
and obesity are complex processes that involve environmental
and genetic factors (eg, ethnic differences, age, sex, nutrition).
It is not clear whether it is individual gene contributions to the
obesity-hypertension syndrome, or the combination of different
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environmental variants [3]. In the present study, the FTO risk
allele was found to have highest association with body adiposity
index among the other adiposity indices. Approximately 1.5 times
prediction of maximum BAI was determined to be associated with
the risk FTO rs9939609 variants and that prediction more than the
odds ratio of BMI.The reason for this might be due to influence of
height in case of BMI. Attention to the gene’s functional effects
had been turned up with the discovery of the consistent association
of the FTO gene common variants with higher body weight [22].
Increment in BMI, waist circumference and waist height ratio was
associated with the presence of FTO rs9939609 [23].
The present study also reported that more than 1 times
prediction of overweight or obese body mass index was found in
the risk alleles of the fat mass and obesity associated gene. Least
association of waist height ratio and FTO gene polymorphism
was found. This might be the result of genetic predisposition as
well as the lack of awareness of the remedial measures to control
the other factors contributing obesity. This finding was found to
be consistent with the study conducted in Mexican and Chinese
populations with 1.38 and 1.29 odds ratio respectively[24,25]. A
study among the Chinese Han type 2 diabetes patients also depicted
that presence of FTO risk gene was associated with risk for being
obese[5].The present study found 1.2 risk fold of high conicity
index among the risk alleles of the FTO gene. The finding of the
present study was consistent with the study that conicity index
could be useful in identifying cardiovascular disease patients with
abdominal obesity who were not necessarily overweight[26].As
evaluation of conicity index used waist circumference which had
been considered as a good predictor of obesity, so conicity index
might also contribute in obesity.
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Conclusion
This study reveals the important genetic contribution on
human obesity at different levels. Although there is a huge role
of genetic factors, people must also be aware of the other factors
such as environmental, lifestyle and psychological factors too have
a higher impact on obesity. This can be controlled at individual
level by transforming the earlier lifestyle habits because the
inherited genes cannot be eradicated or replaced. Hence, mass
level understanding of the primary and additive causes of obesity
is very much important to reduce the rate of lifestyle diseases.
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