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Abstract

interval (CI) were calculated to determine the risk of obesity
associated with the risk alleles, p<0.05 was considered as
statistically significant.

ACKGROUND: Childhood obesity is associated
with the risk of adult obesity and obesity-related
chronic disease. The fat mass and obesity-associated
gene (FTO) rs9939609 variant are of particular interest
because of its association with body mass index (BMI) and
obesity-related phenotypes. This study was conducted to
investigate the association between FTO gene rs9939609
variant with early onset obesity among Bataknese and
Chinese children in Medan, Sumatera Utara, Indonesia.

RESULTS: This study found a significant association
between rs9939609 and early onset obesity in Chinese
children (p=0.01), but not in Bataknese. The frequency of
AA genotype was lower in the early onset obesity than in the
normal weight children, while an OR of 0.69 showed that
this genotype may protect against weight gaining and that
the TT genotype may predispose to obesity.

B

METHODS: The case-control study was carried out at
10 elementary schools in Medan. There were 212 children
recruited; 56 early onset obesity and 61 control Bataknese
and 49 early onset obesity and 46 control Chinese children.
This study included a questionnaire, anthropometric
measurements, and blood test analysis. rs9939609
polymorphism genotyping was performed using RT-PCR.
Logistic regression, odds ratio (OR) and 95% confidence

Introduction
Obesity is a consequence of unhealthy lifestyle combined
with genetic susceptibility, requires attention due to the
burden placed on the health care system for children and
adults.(1-3) Childhood obesity poses a serious challenge to

CONCLUSION: We concluded that the FTO gene
rs9939609 is associated with early onset obesity in Chinese
ethnicity but not in Bataknese.
KEYWORDS: pediatric obesity, FTO gene, rs9939609,
polymorphism, Indonesia
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society because it is associated with the risk of adult obesity
and obesity-related chronic diseases such as type 2 diabetes
mellitus (T2DM) and cardiovascular disease.(4-6)
Interactions between genetic and environmental
factors determined individual susceptibility to obesity.(4,5)
The level of genetic factors involvement on obesity is
estimated to be 40-60%.(2) Genes related to obesity have
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frequently been in favor.(2,7) Several genome-wide related
studies had reported the association between the fat mass
and obesity-associated (FTO) gene with obesity.(6,7) Single
nucleotide polymorphisms (SNPs) in the FTO gene are
correlated with the increased body mass index (BMI), as
previous studies have reported.(7-9)
FTO gene is highly expressed in the arcuate
hypothalamus and regulated by fasting/feeding cycles,
the FTO protein possessed an important regulatory role
in maintaining energy balance.(10) Variations in the FTO
gene strongly contribute to the development of early-onset
obesity. The A-allele of the variant rs9939609 is associated
with a 31% increasing the risk of developing obesity,
revealing the fact that FTO rs9939609 variant is associated
with an increased risk for both T2DM and obesity.(9,11)
Regarding the European population, the A-allele of the
rs9939609 variant has been reported has the strongest
effects, however, it is different from the population in Asia,
A-allele was less found in predisposing obesity, so that the
effect of the rs9939609 variant becomes weaker.(9)
Several studies have shown that the FTO rs9939609 is
strongly associated with BMI and the risk of obesity,(12-17)
but the association was varied in different ethnicities.(18) The
mechanism responsible for its influence on the development
of obesity remains to be explained.(2) We have investigated
the association between the FTO rs9939609 variant with
early onset obesity among Bataknese and Chinese children
in Indonesia.

Methods
A case-control study was conducted in 10 elementary
schools in Medan, Sumatera Utara, Indonesia. Case and
control groups were Bataknese and Chinese children with
early onset obesity and normal weight children; 56 early
onset obesity and 61 control Bataknese, and 49 early onset
obesity and 46 control Chinese children, aged 6-12 years.
The study included a questionnaire for parents or guardians,
anthropometric measurements, and blood test analysis from
the children. The questionnaires requested information on
parents’ and children’s ethnicity, the onset of obesity, date
of birth, and family history of obesity. Early onset obesity
was defined as obesity onset before the age of 6 years in
children.(10) Ethnicity and family history of obesity were
derived from three-generation pedigrees.(19)
Children were under steroid treatment, had chronic
infection or disease, endocrine disorder, genetic disease,
or short stature were excluded from this study. This study
148
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was approved by The Ethics Committee of The Faculty of
Medicine, University of Sumatera Utara, Medan, Indonesia,
with ethical number 343/KOMET/FK USU/2013. All
children and parents gave written informed consent that
clearly stated that blood samples would be used for scientific
research purposes, including genetic studies.
Anthropometry Measurements
Anthropometric measurements included body weight
(in kg), was measured to the nearest 0.1 kg by digital
machine. Height (in cm) was measured to the nearest 0.1
cm by using stadiometer. All instruments were validated
following the manufacturer’s protocol. Waist circumference
(in cm) was determined at the midpoint between the iliac
crest and lowermost margin of the ribs by non-stretchable
measuring tape while the child was in a standing position
and after expiration. BMI was calculated as weight (kg)/
height (meter2).(20) Children who had a BMI of more
than 95th Percentile (P95) based on age and gender specific
BMI Centers for Disease Control and Prevention (CDC)
standards 2000 were considered obese, and those who had
a BMI of 3rd percentile (P3) to 85th percentile (P85), by the
same standards, were considered to have normal weight.
Laboratory Assessment
A whole blood ethylenediaminetetraacetic acid (EDTA)
sample was collected from each child for genetic studies.
The genomic DNA was extracted using the high pure
template preparation kit (Roche Diagnostics GmbH,
Mannheim, Germany). Genotyping was performed using
a TaqMan assay for rs9939609 polymorphism (Assay ID
C_25638153_10; Applied Biosystems, Foster City, CA).
Real-time PCR was performed in 25-μL reactions containing
12.5 μL TaqMan Genotyping Master Mix, 1.25 μL TaqMan
genotyping assay mix (20X) include primer and probe,
11.25 μL DNase-free, RNase-free water and approximately
20 ng of template DNA in 5 μL Thermal cycling was run
on a Biorad CFX96 (Biorad, München, Germany) using
the following conditions: 95°C for 10 minutes and 40
cycles of 95°C for 15 seconds and 60°C for 90 seconds.
SNP genotyping was performed with allelic discrimination
method using CFX96TM Real-Time PCR software (Biorad,
Munchen, Germany).
To verify the results of genotyping, a selection of three
genotype (AA, AT, and TT) samples was regenotyped with
100% concordance by sequencing by the Sanger’s dideoxy
chain termination reaction using Big-Dye Terminator v.1.1
Cycle Sequencing Kit (Applied Biosystems, Foster City,
USA) and the ABI 3500 sequencer (Applied Biosystems,
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Foster City, USA), using oligonucleotides 5′-AAGAGAT
GATCTCAAATCTACTTTATGAGATA-3′ (forward) and
5′-AGGATAGTTTCGATCTATTGACCTC-3′
(reverse)
(IDT DNA, Singapore).

Table 1. Characteristics of subjects.
Case

Control

p

9.87±1.49

9.17±1.62

0.01

Male

67 (63.8)

64 (59.8)

0.55

Female

38 (36.2)

43 (40.2)

Body weight (kg)

46.60±10.44

27.90±5.81

0.01

Body height (cm)

136.50±9.90

130.68±9.86

0.01

BMI (kg/m )

24.73±2.96

16.15±1.48

0.01

Waist circumference (cm)

76.39±8.83

57.76±6.96

0.01

Bataknese

56 (53.3)

61 (57.0)

0.6

Chinese

49 (46.7)

46 (43.0)

Yes

72 (34.0)

26 (12.3)

No

33 (15.6)

81 (38.2)

Age (years)
Gender

Statistical Analysis
Data were analyzed using SPSS software version 24
(SPSS Inc., Chicago, IL, USA). Quantitative variables
were expressed as mean±standard deviation (SD).
The descriptive statistics were used to analyze sociodemographic characteristics of the subjects. Anthropometric
measurements between case and control were compared
using student’s t-test. We examined the associations
between genotype and allele with obesity by using logistic
regression analysis (enter method), odds ratio (OR) and
95% confidence interval (CI) were calculated to determine
the risk of obesity associated with the risk alleles. Allele
frequencies were also analyzed separately by Pearson’s chisquare test based on case and control groups and ethnicity.
Hardy-Weinberg Equilibrium test (HWE) was applied to
determine the variation in the distribution of alleles and
genotypes within the concerned population, was analyzed
using Pearson chi-squared test, p<0.05 was considered as
statistically significant.

2

Ethnic

Family history of obesity
0.01

Data are means±SD, or percentages. BMI: Body mass index. Associations are
considered significant when p < 0.05.

association between genotypes and early onset obesity in
Bataknese children (p=0,53, OR=1,26, 95% CI=0.61-2.61)
(Table 3).

Results
Discussion
Characteristics of children in this study are given in Table
1. Children in the case group had significantly higher levels
of BMI, waist circumference, and body weight. There was
significant association between body weight, height, BMI,
waist circumference, and family history of obesity with
nutritional status, p<0.05.
In our study, the genotypes of the rs9939609 variant
were in Hardy-Weinberg equilibrium (p=0.26) in both
early onset obesity and control groups. The frequency of
AA genotypes was higher in the control group than in the
early onset obesity groups, but no significant difference
was observed between genotypes rs9939609 and early
onset obesity (p=0.52, 95% CI=0.23-2.11) and OR=0.69
for AA compared to TT genotypes. There was a significant
difference between genotypes of rs9939609 in Chinese
children, p=0.01, but not in Bataknese children, but AA
genotypes in Bataknese children increased the risk of
obesity among subjects (OR=2.43) (Table 2).
There was a significant association between genotypes
AA/AT and early onset obesity in Chinese children (p=0.04,
OR=0.39, 95% CI=0.16-0.99). There was no significant

The association of FTO gene rs9939609 variant with obesity
has been replicated in different European populations.
(13,21-25) However, it was inconsistent in populations
of non-European ancestry.(23) A previous longitudinal
study reported FTO genetic effects do not effected early
onset obesity before the age of 7 years (26), this result in
accordance with our study, but, in this study we found a
significant association between rs9939609 FTO gene with
early onset obesity in Chinese children, and this result is
in agreement with several studies in other Asian populations.
(1,23,24,27). The geographic discrepancies may be due to
the children’s lifestyle, diet, and physical activity, age, or
other regional differences, suggesting the need for more
studies in different populations for better recognition of the
role of FTO gene in obesity.
This study is the first study examining the prevalence
of the rs9939609 FTO gene and its association with early
onset obesity in Bataknese and Chinese ethnic in Indonesia
population. Our finding of a significant association between
rs9939609 polymorphisms in Chinese children, concurs
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Table 2. Obesity status, ethnicity, and FTO rs9939609 genotypes of subjects.

Genotypes
Total

Bataknese

Chinese

Case

Control
%

p

OR (95% CI)

n

%

n

AA

6

5.70%

8

7.50%

0.69 (0.23-2.11)

0.52

AT

32

30.50%

37

34.60%

0.80 (0.45-1.44)

0.46

1

TT

67

63.80%

62

57.90%

1.00

AA

6

10.70%

3

4.90%

2.43 (0.56-10.6)

0.19

AT

22

39.30%

24

39.30%

1.11 (0.52-2.4)

0.79

1

TT

28

50.00%

34

55.70%

1.00

AA

0

0.00%

5

10.90%

0.00 (0.00)

0.01

AT

10

20.40%

13

28.30%

0.55 (0.21-1.44)

0.22

39

79.60%

28

60.90%

1.00

1

TT

Logistic regression analysis was adjusted for sex, age. OR: Odds ratio; CI: Confidence interval. 1 Carriers with the TT
genotype are used as the reference group. Associations are considered significant when p <0.05.

Table 3. Obesity status and ethnicity according to AA/AT and TT genotypes.

Genotypes
Total

OR (95% CI)

p

0.78 (0.45-1.36)

0.38

1.26 (0.61-2.61)

0.53

34

55.70%

20.40%

18

39.10% 0.39 (0.16-0.99)

0.04

79.60%

28

60.90%

n

38

36.20%

45

42.10%

TT

67

63.80%

62

57.90%

AA/AT

28

50.00%

27

44.30%

TT

28

50.00%

AA/AT

10
39

AA/AT

1

Chinese

Control
%

%

1

Bataknese

Case
n

1

TT

Logistic regression analysis was adjusted for sex, age. OR: Odds ratio; CI: Confidence interval. 1 Carriers with the TT
genotype are used as the reference group. Associations are considered significant when p <0.05.

with results in Chinese children in other countries.(4,12,28)
Although we did not find AA genotype in case group in
Chinese population, but in Control group we found 10.5%
subject with AA genotype. It can be argued that Chinese
population in our country maybe has similarity with a
genetic pattern of the Chinese population in other countries.
However, this association was still need to be confirmed by
further studies. This result is important because children
who are carrying a genetic mutation should modify their
lifestyle to prevent obesity and its complication.
Other studies showed us that percentage of AA
homozygote for the rs9939609 SNP of FTO was increased
in children with obesity and a larger BMI increase in
AA subjects compared with heterozygous subjects.
(18,21,27,29,30) Interestingly, our study has revealed
difference results, frequency of AA homozygote for the
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rs9939609 FTO gene was lower in the case than in control
group, and also lower when compared with TT genotype,
but these results were similar to other studies in Malay and
Chinese population.(4,24) This different results could be
explained related to the subjects’ epigenetics due to different
environments and lifestyle.
Some recent studies have found significant
associations between FTO variants and obesity-related
traits in AA adolescents and adults.(1,14,29-33) Children
who have the AA genotype had a higher risk of obesity than
the AA or TT genotypes, but others have found weaker,
or non-significant associations in this race/ethnic group.
(24,34,35) Interestingly, homozygous subjects who have
A-allele had a greater risk to develop obesity, whereas
homozygous subjects with T allele might be protected
from obesity.(14)
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In our study, we found an OR of 0.69, means that
AA genotype might be protected from weight gaining
and children with TT genotype might be predisposed
to develop obesity, but, more study is needed to ensure
whether both alleles have two different functions, such as
one predisposing and the other protective or one of the two
alleles determines a gain or loss of function. These different
results from different studies might be attributable to the
differences in ethnic groups, sample sizes, physical activity,
and environmental exposure.
We have several strengths in our study, i.e. this is
the first study in Indonesia, the study population was a
well-defined, homogenous group of children, and we used
standardized methods to measure the clinical parameters,
such as body height, weight, and waist circumference.
Several limitations, however, are apparent, the respondents
may not represent the whole Indonesian population,
therefore, further studies were needed in other ethnic
groups within the Indonesian population to investigate
the possible gene-environment interaction that causes a
different findings in different population. We evaluated only
one polymorphism of FTO gene, which may be in linkage
disequilibrium (26) with polymorphisms of other nearby
genes that might have a contribution to the development of
obesity.
Animal study provides direct evidence that FTO
directly affects fat mass and thus is likely to have a role in
human obesity.(36) Understanding the way the FTO variant
affects fat mass, it can help us to understand the pathogenesis
of obesity. The FTO variant may increase energy intake
and diminishing satiety sensation therefore it contributes
to weight gain. Mutation of FTO was influenced by higher
intake of fatty acid. Previous findings have suggested that
the regulation of food intake was influenced by FTO gene,
therefore a child who carries the risk allele tend to choose
higher energy and more fat food.(37,38)
Genetic influences are one of the probabilistic risk
factors that must be considered together with environmental
influences. Genetic influences may be driving environmental
exposure, therefore throughout the life span an individual
will be at risk for obesity.(39) Some chemicals in the form
of environmental toxins are known to induce obesity, and
the range of metabolic process and genes affected involve
alteration to epigenetic patterns.(40) Other study showed
important links between the FTO genetic predisposition for
obesity and the development of obesity, it suggested that
this genetic predisposition may be kept under control only if
it is known in due time (neo-/postnatal) or if the lifestyle of
the subjects includes high physical exercise and a constant

diet.(41) However, we suggest further prospective studies to
confirm the observed association and underlying mechanism
to clarify the association between rs9939609 FTO gene with
early onset obesity.

Conclusion
In conclusion, our results showed a significant association
between FTO gene polymorphism with early onset obesity
in Chinese ethnicity but not in Bataknese. The frequency of
the AA homozygote was lower in early onset obesity than
in control children, this study also showed that AA might be
protected from gaining weight and TT may be predisposed
to develop obesity.
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