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ABSTRACT
Obesity prevalence is increasing worldwide, including in the Bali Province,
Indonesia, a popular tourism destination area. The common single nucleotide
polymorphisms (SNPs) rs9939609 and rs1421085 of the fat mass and
obesity-associated (FTO) gene have been repeatedly reported as one of the important
obesity genetic risk factors. We have examined the associations of FTO rs9939609
and rs1421085 SNPs with obesity in the 612 unrelated Balinese subjects living in
urban and rural areas. Linear and logistic regression analyses with adjustment for age
and gender were employed to investigate the association between FTO genotypes,
haplotypes and obesity parameters. We found that the FTO SNPs genotypes
increased BMI by 1.25 kg/m2 (p = 0.012) for rs9939609 AA and 1.12 kg/m2

(p = 0.022) for rs1421085 CC, particularly in females and in rural population.
Subjects carrying these genotypes also showed a tendency to maintain high BMI,
regardless of their age. Our result showed that the FTO rs9939609 and rs1421085 risk
alleles were associated with increased BMI and obesity in the Balinese.
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INTRODUCTION
Rapid transitions in lifestyle and diet towards excessive consumption of energy-dense food
and reduction of physical activity result in rising obesity prevalence worldwide
(World Health Organization, 2018). According to the National Basic Health Survey,
obesity prevalence in Indonesia increases by 4.3% from 2007 to 2013, and 7% from 2013 to
2018, respectively (RISKESDAS, 2007, 2013, 2018). As a known leading risk factor for
chronic non-communicable diseases (such as hypertension, type two diabetes mellitus,
cardiovascular diseases, fatty liver, stroke, and some types of cancers), obesity contributes
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to economy and health burdens (Must et al., 1999; Basen-Engquist & Chang, 2011;
Al-Goblan, Al-Alfi& Khan, 2014). As the risk of these chronic diseases increases, quality of
life decreases and health care costs escalate (Withrow & Alter, 2011; Cawley &
Meyerhoefer, 2012).

The complex interplay between environmental and multiple genetic factors that
influence body mass index (BMI) has been proposed as a trigger of increased obesity and
its comorbidities, with heritability estimated to be around 40–70% (Herrera &
Lindgren, 2010). Among significant obesity genetic risk factors, the common single
nucleotide polymorphisms (SNPs) rs9939609 and rs1421085 in the fat mass and
obesity-associated (FTO) gene have been consistently reported associated with obesity
in distinct populations (Chang et al., 2008; Cha et al., 2008; Fawwad et al., 2015;
Babenko et al., 2019).

The Balinese population has undergone rapid lifestyle transition from traditional to
modern lifestyle in line with escalating economic growth in the region, most likely due to
rapid development in tourism industry (Antara & Sumarniasih, 2017). Several studies
showed the adoption of Western diet, reduction of physical activities, increasing
socioeconomic status and education are associated with increased adiposity (Huntsman,
White & Gunung, 2005) and obesity prevalence in urban population (Suastika et al.,
2011b). Obesity prevalence in Bali was at 15.5%, higher than the national obesity
prevalence at 14.8% in 2013 (RISKESDAS, 2013). The interplay between genetics and
lifestyle factors has been found to associate with obesity and its comorbidities in Balinese
population (Malik et al., 2011, Oktavianthi et al., 2012). In this study, we examined the
association of FTO rs9939609 and rs1421085 with obesity in Balinese of the Bali Province,
Indonesia. We hypothesize that FTO gene variants play a role in elevating BMI and obesity
risk in the Balinese.

MATERIALS AND METHODS
Subjects, study design, measurements
A cross-sectional study enrolling 612 participants from five locations (286 female and 326
male) in the Bali Province, Indonesia, was conducted in 2008–2015 with written informed
consent (Malik et al., 2011; Suastika et al., 2011b; Oktavianthi et al., 2012, 2018). The
five locations represents urban (Legian and Denpasar) and rural (Penglipuran, Nusa
Ceningan and Pedawa) settings, based on Statistics Indonesia’s criteria (Badan Pusat
Statistik, 2010). The map and sample size of the five locations are shown in Fig. S1.
Ethical approvals for this study were granted by the Eijkman Institute Research Ethics
Commission (No. 32 on 27 October 2008 and No. 80 on 24 December 2014), and by the
Faculty of Medicine Ethic Committee, Universitas Udayana (No. 690a/SKRT/X/2010
on 28 October 2010 and No. 1286/UN.14.2/Litbang/2014 on 18 September 2014).
Collected demographic and anthropometric data include: age, gender, weight, height, and
waist circumference (WC). BMI was calculated as weight in kg divided by (height)2 in
m2, while waist to height ratio (WHtR) was calculated as WC divided by height, both
measured in the same unit. WHtR is a proxy for central (visceral) adipose tissue
(Swainson et al., 2017). The high BMI (BMI ≥ 25 kg/m2) and high WC (male ≥ 90 cm;
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female ≥ 80 cm) cut offs were according to the Asia–Pacific perspective redefining
obesity in adult Asian, while the high WHtR cut off at ≥ 0.5 was based on previous reports
(Lee et al., 1995; Hsieh & Yoshinaga, 1995; WHO Regional Office for the Western Pacific,
2000).

DNA extraction and genotyping
Genomic DNA was extracted as previously described (Malik et al., 2011). The FTO
rs9939609 and rs1421085 variants were detected using amplification-refractory mutation
system (ARMS) polymerase chain reaction (PCR). Detection of rs9939609 was performed
using a previously published primer sets (Fawwad et al., 2015) while detection of
rs1421085 was done using a novel primer sets, designed using Primer1 (Collins & Ke, 2012)
and BioEdit� Sequence Alignment Editor (Ibis Bioscience, Carlsbed, CA, USA). Lists of
outer and inner primers for ARMS-PCR is described in Table S1. Optimation of the
annealing temperature was done using the Veriti� 96 West Thermal Cycler (Applied
Biosystem, Foster City, CA, USA), while the ARMS-PCR was performed using GeneAmp�

PCR System 9700 (Applied Biosystems, Foster City, CA, USA). ARMS-PCR conditions are
described in Table S1. PCR products were resolved on 2% agarose gel electrophoresis
(Lonza, Basel, Switzerland). Confirmation of variant alleles were carried out by DNA
sequencing using BigDye� Terminator v.3.1 Cycle Sequencing Kits, with ABI 3130xl
Genetic Analyzer (Applied Biosystem, Foster City, CA, USA).

Statistical analysis
Statistical analysis were carried out in R version 3.4.0 (www.r-project.org) with R Studio
version 1.0.143 (www.rstudio.com). The five sampling sites (four villages and one city)
map was generated from Google Static Maps using the “ggmap” and “ggrepel” packages.
Continuous variables are presented as mean (±SD). All SNPs were tested for departure
from Hardy–Weinberg equilibrium (HWE). Genotype distributions and linkage
disequilibrium (LD) between SNP pairs were calculated using the “genetics” package
(Warnes et al., 2019). Haplotypes were determined using expectation maximization (EM)
algorithm as implemented in the “haplo.glm” function of the R “haplo.stats” library.
Genetic associations analyses were conducted using both linear and logistic regression
models with adjustments for age and gender (male/female). Significant level based on
Bonferroni correction was set at 0.025 (p value = 0.050/2) (Nichols & Hayasaka, 2003).

RESULTS
The Balinese characteristics
Characteristics of the study subjects are summarized in Table 1. The male to female ratio
was comparable (53.3% vs. 46.7%). The Balinese showed an elevated mean of obesity
parameters (BMI 24.0 ± 4.83 kg/m2; WC 83.9 ± 11.6 cm; WHtR 0.53 ± 0.07). Genotype
distribution for rs9939609 is TT 34%, TA 49% and AA 17%; while for rs1421085 is TT
37%, TC 46%, and CC 18%. Minor allele frequency (MAF) for both variants were 0.42 and
0.41, respectively (Table 1). The rs9939609 and rs1421085 presented a high linkage
disequilibrium with D’ = 0.90 and r2 = 0.88.
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The FTO rs9939609 and rs1421085 are associated with obesity
Of all the genetic models developed (Tables S2 and S3), the recessive model was the
most suitable for the population in this study. In multiple linear regression analyses with
recessive genetic model, the minor rs9939609 AA and rs1421085 CC genotypes increased
BMI by 1.25 kg/m2 (p = 0.012) and by 1.12 kg/m2 (p = 0.022), respectively. Multiple logistic
regression analyses further confirmed the trend of increased odds for higher BMI
in subjects carrying the minor genotypes of both SNPs (odds ratio = 1.59, p = 0.042
for rs9939609; and odds ratio = 1.57, p = 0.047 for rs1421085). Of the non-genetic
parameters, age was shown to influence BMI, and being male increased BMI and WC,
while living in an urban setting increased all obesity parameters (Table 2).

To investigate the involvement of gender and environment in relationship to FTO SNPs
and obesity parameters, we conducted separate analyses for male and female subjects
(Tables S4 and S5), as well as for urban and rural populations (Tables S6 and S7).
Significant associations between rs9939609 AA and the rs1421085 CC genotypes with
increased BMI were only found in females in both linear (estimate = 1.97 kg/m2 and
p = 0.021 for rs9939609 AA, estimate = 2.35 kg/m2 and p = 0.005 for rs1421085 CC

Table 1 Characteristics and genotypes of studied subjects. Data are presented as mean (±SD) for age,
weight, height BMI, WC, WHtR, and n (%) for gender and genotypes frequency. BMI, body mass index;
WC, waist circumference; WHtR, waist to height ratio; MAF, minor allele frequencies; HWE, Hardy
Weinberg equilibrium; LD, linkage disequilibrium.

Variables Total
(n = 612)

Male
(n = 326)

Female
(n = 286)

Urban
(n = 318)

Rural
(n = 294)

Age (years) 46.6 ± 14.6 47.9 ± 13.1 45.0 ± 16.0 42.8 ± 12.7 50.7 ±15.5

Weight (kg) 61.4 ± 14.6 66.3 ± 13.7 55.7 ± 13.6 66.7 ±14.5 55.6 ± 12.4

Height (cm) 159.0 ± 8.9 165.0 ± 7.7 154 ± 6.1 162.0 ± 8.4 157.0 ± 8.7

BMI 24.0 ± 4.8 24.4 ± 4.5 23.5 ± 5.1 25.4 ± 4.7 22.5 ± 4.5

WC (cm) 83.9 ± 11.6 86.5 ± 11.4 81.0 ± 11.1 87.5 ±11.2 80.0 ± 10.7

WHtR 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.1

FTO rs9939609*

TT 208 (34) 103 (32) 105 (37) 116 (36) 92 (31)

TA 300 (49) 160 (49) 140 (49) 138 (43) 162 (55)

AA 104 (17) 63 (19) 41 (14) 64 (20) 40 (14)

p-value HWE 0.868 1 0.709 0.065 0.022

MAF 0.42 0.44 0.39 0.42 0.41

FTO rs1421085*

TT 224 (37) 114 (35) 110 (38) 126 (40) 98 (33)

TC 280 (46) 146 (45) 134 (47) 135 (42) 145 (49)

CC 108 (18) 66 (20) 42 (15) 57 (18) 51 (17)

p-value HWE 0.209 0.140 0.901 0.059 0.905

MAF 0.41 0.43 0.38 0.39 0.42

LD Corr 0.88 0.87 0.90 0.88 0.89

D’ 0.90 0.89 0.92 0.93 0.90

Note:
* n (%). The significant p-values are <0.05.
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genotypes) and logistic (odds ratio = 2.83 and p = 0.003 for rs9939609 AA, odds
ratio = 3.36 and p = 0.001 for rs1421085 CC genotypes) regression analyses (Table 3).

These genotypes also presented distinct effects on obesity parameters in different
environment, as shown in Table 4. In urban, increased WC was associated with the
rs9939609 AA genotype in linear regression analysis (estimate = 3.04 cm, p = 0.038), and
with the rs1421085 CC genotypes in logistic (odds ratio = 1.95, p = 0.037) regression
analyses. Meanwhile in rural, the rs9939609 AA showed a tendency to increase BMI by
1.53 kg/m2, while the rs1421085 CC genotypes demonstrated a significantly increased BMI
by 1.65 kg/m2 (p = 0.016), and higher odds for high BMI (odds ratio = 2.25 and p = 0.016).

In haplotype analyses that incorporated a recessive genetic model, the AC haplotype
consisting the minor alleles A of rs9939609 and C of rs1421085 was associated with obesity

Table 2 Associations of FTO SNPs with obesity*. Statistical analysis was done using linear regression
model, with adjustments for age, gender (male/female) and population (urban/rural). The model used for
linear regression: outcome ∼ SNPs + age + gender + population. BMI, body mass index; WC, waist
circumference; WHtR, waist to height ratio. High BMI, BMI ≥ 25; High WC, male’s WC ≥ 90 cm and
female’s WC ≥ 80 cm; High WHtR, WHtR ≥ 0.5. The significant p-values after Bonferroni correction are
indicated in bold (p < 0.025).

n = 612 BMI WC WHtR

Estimates p Estimates p Estimates p

FTO rs9939609

AA 1.25 0.012 1.51 0.190 0.01 0.363

Age (years) −0.01 0.482 0.01 0.633 <0.01 0.011

Male 0.82 0.029 5.26 <0.001 <0.01 0.467

Urban 2.73 <0.001 7.49 <0.001 0.03 <0.001

FTO rs1421085

CC 1.12 0.022 1.86 0.102 0.01 0.156

Age (years) −0.01 0.438 0.01 0.679 <0.01 0.013

Male 0.82 0.029 5.24 <0.001 <0.01 0.444

Urban 2.80 <0.001 7.56 <0.001 0.03 <0.001

n = 612 High BMI High WC High WHtR

Odds ratio p Odds ratio p Odds ratio p

FTO rs9939609

AA 1.59 0.042 1.31 0.228 1.17 0.506

Age (years) 1.00 0.800 1.01 0.260 1.00 0.546

Male 1.67 0.004 0.53 <0.001 0.94 0.714

Urban 3.14 <0.001 2.77 <0.001 2.93 <0.001

FTO rs1421085

CC 1.57 0.047 1.52 0.060 1.49 0.090

Age (years) 1.00 0.745 1.01 0.294 1.00 0.600

Male 1.67 0.004 0.53 <0.001 0.93 0.664

Urban 3.22 <0.001 2.81 <0.001 2.96 <0.001

Note:
* Recessive model.
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parameters (BMI by 0.73 kg/m2 (p = 0.008), WC by 1.47 cm (p = 0.022), respectively
(Table S8). The AC haplotype demonstrated a tendency for increased WC by 1.99 cm
(p = 0.041) in females (Table S9), and was also associated with increased BMI in rural
population (Table S10).

The FTO rs9939609 and rs1421085 maintained high BMI in subjects
older than the mean age of ≥46.6 years
The mean age of this population is 46.6 years old (Table 1). Our result showed that the
obesity parameters (BMI, WC and WHtR) in subjects <46.6 years have a tendency to
increase, while in subjects ≥46.6 years, they have a tendency to decrease (Fig. 1).
Interestingly, subjects carrying the homozygous variants of both SNPs (rs9930609 AA and
rs1421085 CC genotypes) sustained their high BMI regardless of their age, in contrast to
the wild-type and heterozygous genotypes carriers which demonstrated a trend towards
decreasing BMI with age. Meanwhile, the relationships between WC and WHtR and age
are not modulated by the FTO genotypes (Fig. 1).

Table 3 Associations of FTO SNPs with obesity in male vs. female*. Statistical analysis was done using logistic regression model while adjusting
for age and population (urban/rural). The model used for linear regression: outcome ∼ SNPs + age + population. BMI: body mass index, WC: waist
circumference, WHtR: waist to height ratio. High BMI: BMI ≥ 25; High WC: male’s WC ≥ 90 cm and female’s WC ≥ 80 cm; High WHtR: WHtR ≥
0.5. The significant p-values after Bonferroni correction are indicated in bold (p < 0.025).

Male (n = 326) Female (n = 286)

BMI WC WHtR BMI WC WHtR

Estimates p Estimates p Estimates p Estimates p Estimates p Estimates p

FTO rs9939609

AA 0.69 0.242 0.83 0.569 <0.01 0.848 1.97 0.021 2.11 0.251 0.01 0.314

Age (years) −0.02 0.186 −0.04 0.341 <0.01 0.331 −0.01 0.715 0.04 0.369 <0.01 0.053

Urban 3.44 <0.001 9.32 <0.001 0.04 <0.001 1.91 0.003 5.53 <0.001 0.02 0.014

FTO rs1421085

CC 0.23 0.688 0.61 0.670 <0.01 0.850 2.35 0.005 3.48 0.056 0.02 0.067

Age (years) −0.02 0.168 −0.04 0.323 <0.01 0.337 −0.01 0.693 0.04 0.395 <0.01 0.059

Urban 3.49 <0.001 9.36 <0.001 0.04 <0.001 2.03 0.002 5.66 <0.001 0.02 0.010

High BMI High WC High WHtR High BMI High WC SS

Odds ratio p Odds ratio p Odds ratio p Odds ratio p Odds ratio p Odds ratio p

FTO rs9939609

AA 1.02 0.948 1.11 0.73 1.08 0.795 2.83 0.003 1.61 0.185 1.22 0.586

Age (years) 0.99 0.359 1.00 0.991 0.99 0.388 1.00 0.871 1.01 0.26 1.01 0.204

Urban 4.43 <0.001 3.41 <0.001 3.62 <0.001 2.03 0.016 2.25 0.002 2.46 0.001

FTO rs1421085

CC 0.90 0.716 1.32 0.343 1.53 0.175 3.36 0.001 1.85 0.085 1.41 0.344

Age (years) 0.99 0.361 1.00 0.958 0.99 0.359 1.00 0.850 1.01 0.270 1.01 0.214

Urban 4.45 <0.001 3.42 <0.001 3.63 <0.001 2.22 0.008 2.33 0.002 2.49 0.001

Note:
* Recessive model.
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DISCUSSION
Association studies of the FTO gene with obesity or obesity-related traits have been
reported in many populations across the world, confirming the strong association of FTO
SNPs with BMI and/or obesity (Frayling et al., 2007; Scuteri et al., 2007; Hotta et al., 2008;
Chang et al., 2008; Srivastava et al., 2016). A meta-analyses study demonstrated the
correlation between FTO rs9939609 and rs1421085 with obesity in Hispanic, Caucasian,
and Asian populations (Peng et al., 2011).

In Indonesian population, most report on FTO rs9939609 SNP association with obesity
came from the western part of the country, namely North Sumatera (Lubis et al., 2017),
Yogyakarta (Iskandar et al., 2018), West Sumatera (Susmiati, Surono & Jamsari, 2018),
and DKI Jakarta (Daya et al., 2019). Despite the diversity of the Indonesian population
(Karafet et al., 2010; Tumonggor et al., 2013) and the differences in sociocultural exposure,
our report from Bali, which is located in the central part of Indonesia, showed that the FTO
variants are also genetic risk factors for obesity in the Balinese, similar to previously
reported populations from the western part of Indonesia.

Table 4 Associations of FTO SNPs with obesity in urban vs. rural*. Statistical analysis was done using logistic regression model while adjusting
for age and gender (male/female). The model used for linear regression: outcome ∼ SNPs + age + gender. BMI: body mass index, WC, waist
circumference; WHtR, waist to height ratio. High BMI, BMI ≥ 25; High WC, male’s WC ≥ 90 cm and female’s WC ≥ 80 cm; High WHtR, WHtR ≥
0.5. The significant p-values after Bonferroni correction are indicated in bold (p < 0.025).

Urban (n = 318) Rural (n = 294)

BMI WC WHtR BMI WC WHtR

Estimates p Estimates p Estimates p Estimates p Estimates p Estimates p

FTO rs9939609

AA 1.09 0.097 3.04 0.038 0.02 0.088 1.53 0.043 −0.59 0.743 <0.01 0.694

Age (years) 0.03 0.192 0.14 0.003 <0.01 <0.001 −0.04 0.012 −0.09 0.026 <0.01 0.518

Male 1.28 0.021 6.22 <0.001 <0.01 0.978 −0.04 0.932 2.94 0.018 −0.02 0.044

FTO rs1421085

CC 0.63 0.361 2.03 0.189 0.01 0.326 1.65 0.016 1.68 0.304 0.01 0.286

Age (years) 0.03 0.213 0.14 0.004 <0.01 <0.001 −0.04 0.010 −0.09 0.020 <0.01 0.460

Male 1.32 0.018 6.29 <0.001 <0.01 0.974 −0.05 0.915 2.87 0.021 −0.02 0.037

High BMI High WC High WHtR High BMI High WC High WHtR

Odds ratio p Odds ratio p Odds ratio p Odds ratio p Odds ratio p Odds ratio p

FTO rs9939609

AA 1.36 0.285 1.71 0.075 1.69 0.141 2.10 0.044 0.92 0.828 0.84 0.625

Age (years) 1.01 0.585 1.03 0.008 1.04 0.001 0.99 0.160 0.99 0.291 0.98 0.042

Male 2.17 0.001 0.55 0.017 0.91 0.726 1.02 0.936 0.41 <0.001 0.72 0.168

FTO rs1421085

CC 1.19 0.567 1.95 0.037 1.75 0.143 2.25 0.016 1.20 0.585 1.38 0.304

Age (years) 1.00 0.610 1.03 0.010 1.04 0.001 0.99 0.140 0.99 0.269 0.98 0.034

Male 2.19 0.001 0.54 0.015 0.91 0.733 1.02 0.951 0.41 <0.001 0.71 0.148

Note:
* Recessive model.
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In this study, we showed that having the FTO rs9939609 and rs1421085 SNPs risk
alleles increase the risk for obesity. We have reported recently that individuals carrying the
risk allele of rs9939609 demonstrated a higher risk to develop obesity due to preferences
for high dietary fat intake (Daya et al., 2019). FTO might play a role in controlling feeding
behavior, modifying energy expenditure (Fawcett & Barroso, 2010), reducing satiety
responsiveness (Wardle et al., 2008), increasing consumption of highly palatable food
(Wardle et al., 2009), and losing control over eating (Tanofsky-Kraff et al., 2009). Another
study suggested a link between FTO, protein intake, and body weight (Merritt, Jamnik &
El-Sohemy, 2018). All of these might influence the different effects of FTO on female vs.
male, and urban vs. rural. In this study, we did not assess food intake, which is the
limitation of this study.

Our current report indicated a gender-specific effect, where the associations of the
A allele of rs9939609 and the C allele of rs14210845 with BMI were stronger in female
than in male. These findings were consistent with previous studies in children and
adolescents in Swedish and Chinese population (Jacobsson et al., 2008; Zhang et al., 2014).
A meta-analysis study has found that 25 FTO SNPs including the rs9939609 and the
rs1421085, were specifically associated with obesity in females only (Tan et al., 2014). This
gender differences might be explained by the variation in body composition between males

Figure 1 Association between obesity parameters and age within FTO SNPs alleles. FTO rs9939609
showing (A) BMI, (B) WC and (C) WHtR. FTO rs1421085 showing (D) BMI, (E) WC, and (F) WHtR.

Full-size DOI: 10.7717/peerj.8327/fig-1
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and females (Zillikens et al., 2008). A comparative study of twins across eight countries
reported that there is a gender difference in the heritability of BMI (Schousboe et al., 2003).
However, other studies have reported that the rs9939609 was associated with BMI in
both gender (Frayling et al., 2007; Qi et al., 2008). These discrepancies may be due to
distinct genetic background, environmental factors, and sample sizes. Moderate sample
size is another limitation of this study. Population-based studies with a larger sample size
will be beneficial for further investigation of the possible interactions between FTO SNPs
and genders.

In general Balinese population, BMI tend to decrease by age, however, our result showed
that high BMI is maintained in individual carrying the FTO rs9939609 and rs1421085
risk alleles. This may imply the long-lasting effect of FTO risk alleles in increasing the
obesity risk, regardless of the age. The basal metabolic rate decreases along with age and
will lead to metabolic abnormality (Henry, 2000). Our previous study showed that
metabolic decline is more prominent in older Balinese (Suastika et al., 2011a). Thus,
awareness in maintain healthy lifestyle should begin from younger age to prevent obesity
and its related comorbidities. A survey of nutritional habits in teenagers reported that
eating errors (i.e., irregular eating, skipping breakfast) were more frequently observed
in overweight and obese students as compared to the normal weight ones, and emphasized
the importance of conveying the knowledge on the causes of overweight and obesity and
the rules of healthy dieting (Zalewska & Maciorkowska, 2017).

Our previous studies in Balinese showed that the associations between genetic risk
factors and obesity were different in urban dan rural area. In this study and our previous
study of ADRB3 SNP showed that the association between genetic risk factor and
obesity were found in rural (Malik et al., 2011). However, the association between UCP2
genetic risk factors and obesity was only found in urban (Oktavianthi et al., 2012).
Discrepancies between urban and rural might be due to the influence of lifestyle and
environmental exposures, as well as gene-environment interaction. Urban and rural
have their own environmental characteristics. The characteristics of urban area include
population density of ≥5,000 persons/km2, less than 25% work in the agricultural sector
and have more than eight public facilities (i.e., high school, health center, roads that can
accommodate four wheeled motorized vehicles, factories, etc.). The characteristic of
rural area include population density of <1,000 and most of the land are used for farming
(Mulyana, 2014). All of these might influence their lifestyle, from being active and
hardworking as farmers or fishermen into less active as hotel worker or small store owners.
People living in urban area also consume more ready-to-eat food and their food variation
are lower than people in rural area (Ghaisani, 2017).

Obesity is influenced by a complex interplay between multiple genes and environmental
risk factors, such as consumption of high energy dense food and sedentary lifestyle.
This powerful combination might predispose the high prevalence of obesity in urbans,
which increased the risk to develop non-communicable diseases. Nevertheless, a recent
report revealed that contrary to the major views, more than 80% of the global rise in mean
BMI from 1985 to 2017 in low- and middle-income countries was the result of BMI
increases in rural areas (NCD Risk Factor Collaboration, 2019).
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CONCLUSION
The Balinese population showed a high MAF of the FTO rs9939609 and rs1421085 risk
alleles that were associated with increased BMI and obesity. Considering that these
risk alleles could have a long-lasting effect in this population, knowledge on healthy
lifestyle and diet should be introduced and endorsed not only to the urban Balinese, but
also the rural population, although their average BMI are still within the normal range.

ACKNOWLEDGEMENTS
The authors are grateful to all volunteers for their participation in this study. The authors
thank Drs. Made Ratna Saraswati, Pande Dwipayana, Desak Made Wihandani, and
I. Wayan Weta for their support during sample collections. We thank the field medical
doctors, medical faculty students, clinical pathology laboratory and research assistants
for their support in this study. We thank Dr. Ni Luh Made Agustini Leonita for her help in
DNA isolation. We are grateful to Profs. Herawati Sudoyo and Sangkot Marzuki for their
support and encouragements.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The research was supported by the block grant from the Government of Republic of
Indonesia through the Ministry of Research and Technology for the Eijkman Institute for
Molecular Biology. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Government of Republic of Indonesia through the Ministry of Research and Technology
for the Eijkman Institute for Molecular Biology.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Lidwina Priliani analyzed the data, conceived and designed the experiments, prepared
figures and/or tables, authored or reviewed drafts of the paper, and approved the final
draft.

� Sukma Oktavianthi analyzed the data, conceived and designed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the paper, and approved
the final draft.

� Ria Hasnita analyzed the data, performed the experiments, authored or reviewed drafts
of the paper, and approved the final draft.

� Hazrina T. Nussa analyzed the data, performed the experiments, authored or reviewed
drafts of the paper, and approved the final draft.

Priliani et al. (2020), PeerJ, DOI 10.7717/peerj.8327 10/15

http://dx.doi.org/10.7717/peerj.8327
https://peerj.com/


� Rut C. Inggriani analyzed the data, performed the experiments, authored or reviewed
drafts of the paper, and approved the final draft.

� Clarissa A. Febinia analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

� Anom Bowolaksono analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

� Rini Puspitaningrum analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

� Rully A. Nugroho analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

� Ketut Suastika conceived and designed the experiments, authored or reviewed drafts of
the paper, and approved the final draft.

� Safarina G. Malik analyzed the data, conceived and designed the experiments, authored
or reviewed drafts of the paper, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

Eijkman Institute Research Ethics Commission and Faculty of Medicine Ethic
Committee, Universitas Udayana granted Ethical approval to collect samples and carry out
the study (No. 32 on 27 October 2008 and No. 80 on 24 December 2014; No. 690a/SKRT/
X/2010 on 28 October 2010 and No. 1286/UN.14.2/Litbang/2014 on 18 September 2014).

Field Study Permissions
The following information was supplied relating to field study approvals (i.e., approving
body and any reference numbers):

We received permission from the following leaders of villages and regencies: I Made
Madia Suryanatha S.S.T.P (Legian Village of the Badung Regency), I Wayan Supat
(Penglipuran Village of the Bangli Regency), Ketut Gede Arjaya (Nusa Ceningan Village of
the Klungkung Regency) and I Putu Sudarmaja (Pedawa Village of the uleleng Regency).

Data Availability
The following information was supplied regarding data availability:

Data is available at Mendeley: Priliani, Lidwina (2019), “FTO dataset”, Mendeley
Data, v1. DOI 10.17632/5zczrdkfgh.1.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.8327#supplemental-information.

REFERENCES
Al-Goblan AS, Al-Alfi MA, Khan MZ. 2014. Mechanism linking diabetes mellitus and obesity.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 7:587–591
DOI 10.2147/DMSO.S67400.

Priliani et al. (2020), PeerJ, DOI 10.7717/peerj.8327 11/15

http://dx.doi.org/10.17632/5zczrdkfgh.1
http://dx.doi.org/10.7717/peerj.8327#supplemental-information
http://dx.doi.org/10.7717/peerj.8327#supplemental-information
http://dx.doi.org/10.2147/DMSO.S67400
http://dx.doi.org/10.7717/peerj.8327
https://peerj.com/


Antara M, Sumarniasih MS. 2017. Role of tourism in economy of Bali and Indonesia. Journal of
Tourism and Hospitality Management 5(2):34–44 DOI 10.15640/jthm.v5n2a4.

Babenko V, Babenko R, Gamieldien J, Markel A. 2019. FTO haplotyping underlines high obesity
risk for European populations. BMC Medical Genomics 12(Suppl. 2):46
DOI 10.1186/s12920-019-0491-x.

Basen-Engquist K, Chang M. 2011. Obesity and cancer risk: recent review and evidence. Current
Oncology Reports 13(1):71–76 DOI 10.1007/s11912-010-0139-7.

Cawley J, Meyerhoefer C. 2012. The medical care costs of obesity: an instrumental variables
approach. Journal of Health Economics 31(1):219–230 DOI 10.1016/j.jhealeco.2011.10.003.

Cha SW, Choi SM, Kim KS, Park BL, Kim JR, Kim JY, Shin HD. 2008. Replication of genetic
effects of FTO polymorphisms on BMI in a Korean population. Obesity (Silver Spring, Md.)
16(9):2187–2189 DOI 10.1038/oby.2008.314.

Chang Y-C, Liu P-H, Lee W-J, Chang T-J, Jiang Y-D, Li H-Y, Kuo S-S, Lee K-C, Chuang L-M.
2008. Common variation in the fat mass and obesity-associated (FTO) gene confers risk of
obesity and modulates BMI in the Chinese population. Diabetes 57(8):2245–2252
DOI 10.2337/db08-0377.

Collins A, Ke X. 2012. Primer1: primer design web service for tetra-primer ARMS-PCR. Open
Bioinformatics Journal 6:55–58 DOI 10.2174/1875036201206010055.

Daya M, Pujianto DA, Witjaksono F, Priliani L, Susanto J, Lukito W, Malik SG. 2019. Obesity
risk and preference for high dietary fat intake are determined by FTO rs9939609 gene
polymorphism in selected Indonesian adults. Asia Pacific Journal of Clinical Nutrition
28:183–191 DOI 10.6133/apjcn.201903_28(1).0024.

Fawcett KA, Barroso I. 2010. The genetics of obesity: FTO leads the way. Trends in Genetics
26(6):266–274 DOI 10.1016/j.tig.2010.02.006.

Fawwad A, Siddiqui IA, Zeeshan NF, Shahid SM, Basit A. 2015. Association of SNP rs9939609 in
FTO gene with metabolic syndrome in type 2 diabetic subjects, rectruited from a tertiary care
unit of Karachi. Pakistan Pakistan Journal of Medical Sciences 31(1):140–145
DOI 10.12669/pjms.311.6524.

Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM, Lindgren CM, Perry JRB,
Elliott KS, Lango H, Rayner NW, Shields B, Harries LW, Barrett JC, Ellard S, Groves CJ,
Knight B, Patch A-M, Ness AR, Ebrahim S, Lawlor DA, Ring SM, Ben-Shlomo Y,
Jarvelin M-R, Sovio U, Bennett AJ, Melzer D, Ferrucci L, Loos RJF, Barroso I, Wareham NJ,
Karpe F, Owen KR, Cardon LR, Walker M, Hitman GA, Palmer CNA, Doney ASF,
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(5826):889–894 DOI 10.1126/science.1141634.

Ghaisani L. 2017. Perkembangan pola konsumsi pangan menurut wilayah dan tingkat pendapatan
di provinsi bali tahun 2009–2015. Bogor: Institute Pertanian Bogor.

Henry CJ. 2000. Mechanisms of changes in basal metabolism during ageing. European Journal of
Clinical Nutrition 54(Suppl. 3):S77–S91 DOI 10.1038/sj.ejcn.1601029.

Herrera BM, Lindgren CM. 2010. The genetics of obesity. Current Diabetes Reports 10(6):498–505
DOI 10.1007/s11892-010-0153-z.

Hotta K, Nakata Y, Matsuo T, Kamohara S, Kotani K, Komatsu R, Itoh N, Mineo I, Wada J,
Masuzaki H, Yoneda M, Nakajima A, Miyazaki S, Tokunaga K, Kawamoto M, Funahashi T,
Hamaguchi K, Yamada K, Hanafusa T, Oikawa S, Yoshimatsu H, Nakao K, Sakata T,
Matsuzawa Y, Tanaka K, Kamatani N, Nakamura Y. 2008. Variations in the FTO gene are

Priliani et al. (2020), PeerJ, DOI 10.7717/peerj.8327 12/15

http://dx.doi.org/10.15640/jthm.v5n2a4
http://dx.doi.org/10.1186/s12920-019-0491-x
http://dx.doi.org/10.1007/s11912-010-0139-7
http://dx.doi.org/10.1016/j.jhealeco.2011.10.003
http://dx.doi.org/10.1038/oby.2008.314
http://dx.doi.org/10.2337/db08-0377
http://dx.doi.org/10.2174/1875036201206010055
http://dx.doi.org/10.6133/apjcn.201903_28(1).0024
http://dx.doi.org/10.1016/j.tig.2010.02.006
http://dx.doi.org/10.12669/pjms.311.6524
http://dx.doi.org/10.1126/science.1141634
http://dx.doi.org/10.1038/sj.ejcn.1601029
http://dx.doi.org/10.1007/s11892-010-0153-z
http://dx.doi.org/10.7717/peerj.8327
https://peerj.com/


associated with severe obesity in the Japanese. Journal of Human Genetics 53(6):546–553
DOI 10.1007/s10038-008-0283-1.

Hsieh SD, Yoshinaga H. 1995. Abdominal fat distribution and coronary heart disease risk factors
in men-waist/height ratio as a simple and useful predictor. International Journal of Obesity and
Related Metabolic Disorders: Journal of the International Association for the Study of Obesity
19:585–589.

Huntsman AC, White NG, Gunung K. 2005. Anthropometry, lifestyles and fat patterning in
Balinese women. Annals of Human Biology 32(5):599–619 DOI 10.1080/03014460500234244.

Iskandar K, Patria SY, Huriyati E, Luglio HF, Julia M, Susilowati R. 2018. Effect of FTO
rs9939609 variant on insulin resistance in obese female adolescents. BMC Research Notes
11(1):300 DOI 10.1186/s13104-018-3392-8.

Jacobsson JA, Danielsson P, Svensson V, Klovins J, Gyllensten U, Marcus C, Schiöth HB,
Fredriksson R. 2008. Major gender difference in association of FTO gene variant among
severely obese children with obesity and obesity related phenotypes. Biochemical and Biophysical
Research Communications 368(3):476–482 DOI 10.1016/j.bbrc.2008.01.087.

Karafet TM, Hallmark B, Cox MP, Sudoyo H, Downey S, Lansing JS, Hammer MF. 2010.Major
east-west division underlies Y chromosome stratification across Indonesia. Molecular Biology
and Evolution 27(8):1833–1844 DOI 10.1093/molbev/msq063.

Lee JS, Aoki K, Kawakubo K, Gunji A. 1995. A study on indices of body fat distribution for
screening for obesity. Sangyo Eiseigaku Zasshi 37(1):9–18 DOI 10.1539/sangyoeisei.37.9.

Lubis SM, Fattah M, Damanik HA, Batubara JRL. 2017. Association of fat mass and
obesity-associated gene (FTO) rs9939609 variant with early onset obesity among Bataknese and
Chinese children in Indonesia: a case-control study. Indonesian Biomedical Journal
9(3):147–152 DOI 10.18585/inabj.v9i3.322.

Malik SG, Saraswati MR, Suastika K, Trimarsanto H, Oktavianthi S, Sudoyo H. 2011.
Association of beta3-adrenergic receptor (ADRB3) Trp64Arg gene polymorphism with obesity
and metabolic syndrome in the Balinese: a pilot study. BMC Research Notes 4(1):161
DOI 10.1186/1756-0500-4-167.

Merritt DC, Jamnik J, El-Sohemy A. 2018. FTO genotype, dietary protein intake, and body weight
in a multiethnic population of young adults: a cross-sectional study. Genes & Nutrition 13:4
DOI 10.1186/s12263-018-0593-7.

Mulyana W. 2014. Rural-urban linkages: Indonesia case study, working paper series No 126.
Working group: development with territorial cohesion. Territorial cohesion for development
program. Santiago: Rimisp.

Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. 1999. The disease burden
associated with overweight and obesity. JAMA 282(16):1523–1529
DOI 10.1001/jama.282.16.1523.

NCD Risk Factor Collaboration. 2019. Rising rural body-mass index is the main driver of the
global obesity epidemic in adults. Nature 569(7755):260–264 DOI 10.1038/s41586-019-1171-x.

Nichols T, Hayasaka S. 2003. Controlling the familywise error rate in functional neuroimaging: a
comparative review. Statistical Methods in Medical Research 12(5):419–446
DOI 10.1191/0962280203sm341ra.

Oktavianthi S, Saraswati MR, Suastika K, Dwipayana P, Sulfianti A, Hayati RF, Trimarsanto H,
Febinia CA, Sudoyo H, Malik SG. 2018. Transcription factor 7-like 2 single nucleotide
polymorphisms are associated with lipid profile in the Balinese. Molecular Biology Reports
45(5):1135–1143 DOI 10.1007/s11033-018-4265-x.

Priliani et al. (2020), PeerJ, DOI 10.7717/peerj.8327 13/15

http://dx.doi.org/10.1007/s10038-008-0283-1
http://dx.doi.org/10.1080/03014460500234244
http://dx.doi.org/10.1186/s13104-018-3392-8
http://dx.doi.org/10.1016/j.bbrc.2008.01.087
http://dx.doi.org/10.1093/molbev/msq063
http://dx.doi.org/10.1539/sangyoeisei.37.9
http://dx.doi.org/10.18585/inabj.v9i3.322
http://dx.doi.org/10.1186/1756-0500-4-167
http://dx.doi.org/10.1186/s12263-018-0593-7
http://dx.doi.org/10.1001/jama.282.16.1523
http://dx.doi.org/10.1038/s41586-019-1171-x
http://dx.doi.org/10.1191/0962280203sm341ra
http://dx.doi.org/10.1007/s11033-018-4265-x
http://dx.doi.org/10.7717/peerj.8327
https://peerj.com/


Oktavianthi S, Trimarsanto H, Febinia CA, Suastika K, Saraswati MR, Dwipayana P,
Arindrarto W, Sudoyo H, Malik SG. 2012. Uncoupling protein 2 gene polymorphisms are
associated with obesity. Cardiovascular Diabetology 11(1):41 DOI 10.1186/1475-2840-11-41.

Peng S, Zhu Y, Xu F, Ren X, Li X, Lai M. 2011. FTO gene polymorphisms and obesity risk: a
meta-analysis. BMC Medicine 9(1):71 DOI 10.1186/1741-7015-9-71.

Qi L, Kang K, Zhang C, Van Dam RM, Kraft P, Hunter D, Lee C-H, Hu FB. 2008. Fat mass-and
obesity-associated (FTO) gene variant is associated with obesity. Diabetes 57(11):3145–3151
DOI 10.2337/db08-0006.

RISKESDAS. 2007. Riset Kesehatan Dasar. Badan Penelitian dan Pengembangan Kesehatan,
Kementerian Kesehatan Republik Indonesia. Jakarta: Lembaga Penerbit BALITBANGKES.

RISKESDAS. 2013. Riset Kesehatan Dasar. Badan Penelitian dan Pengembangan Kesehatan,
Kementerian Kesehatan Republik Indonesia. Jakarta: Lembaga Penerbit BALITBANGKES.

RISKESDAS. 2018. Riset Kesehatan Dasar. Badan Penelitian dan Pengembangan Kesehatan,
Kementerian Kesehatan Republik Indonesia. Jakarta: Lembaga Penerbit BALITBANGKES.

Schousboe K, Willemsen G, Kyvik KO, Mortensen J, Boomsma DI, Cornes BK, Davis CJ,
Fagnani C, Hjelmborg J, Kaprio J, De Lange M, Luciano M, Martin NG, Pedersen N,
Pietiläinen KH, Rissanen A, Saarni S, Sørensen TIA, Van Baal GCM, Harris JR. 2003.
Sex differences in heritability of BMI: a comparative study of results from twin studies in eight
countries. Twin Research: The Official Journal of the International Society for Twin Studies
6(5):409–421 DOI 10.1375/136905203770326411.

Scuteri A, Sanna S, ChenW-M, UdaM, Albai G, Strait J, Najjar S, Nagaraja R, OrrúM, Usala G,
Dei M, Lai S, Maschio A, Busonero F, Mulas A, Ehret GB, Fink AA, Weder AB, Cooper RS,
Galan P, Chakravarti A, Schlessinger D, Cao A, Lakatta E, Abecasis GR. 2007. Genome-wide
association scan shows genetic variants in the FTO gene are associated with obesity-related
traits. PLOS genetics 3(7):e115 DOI 10.1371/journal.pgen.0030115.

Srivastava A, Mittal B, Prakash J, Srivastava P, Srivastava N, Srivastava N. 2016. Association of
FTO and IRX3 genetic variants to obesity risk in north India. Annals of Human Biology
43(5):451–456 DOI 10.3109/03014460.2015.1103902.

Badan Pusat Statistik. 2010. Peraturan kepala badan pusat statistik nomor 37 tahun 2010 tentang
klasifikasi perkotaan dan perdesaan di Indonesia. Vol. 3. Bali, Nusa Tenggara, Kalimantan,
Sulawesi, Maluku dan Papua: Badan Pusat Statistik.

Suastika K, Dwipayana P, Saraswati MR, Kuswardhani T, Astika N, Putrawan IB,
Matsumoto K, Kajiwara N, Taniguchi H. 2011a. Relationship between age and metabolic
disorders in the population of Bali. Journal of Clinical Gerontology and Geriatrics 2(2):47–52
DOI 10.1016/j.jcgg.2011.03.001.

Suastika K, Gotera W, Budhiarta AA, Sutanegara IND, Gunadi IGN, Nadha KB, Wita W,
Rina K, Santoso A, Matsumoto K, Kajiwara N, Taniguchi H. 2011b. Prevalence of obesity,
metabolic syndrome, impaired fasting glycemia, and diabetes in selected villages of Bali.
Indonesia Journal of the ASEAN Federation of Endocrine Societies 26(2):159–162
DOI 10.15605/jafes.026.02.14.

Susmiati NIL, Surono IS, Jamsari J. 2018. Association of fat mass and obesity-associated
rs9939609 polymorphisms and eating behaviour and food preferences in adolescent
Minangkabau girls. Pakistan Journal of Nutrition 17(10):471–479
DOI 10.3923/pjn.2018.471.479.

Swainson MG, Batterham AM, Tsakirides C, Rutherford ZH, Hind K. 2017. Prediction of
whole-body fat percentage and visceral adipose tissue mass from five anthropometric variables.
PLOS ONE 12(5):e0177175 DOI 10.1371/journal.pone.0177175.

Priliani et al. (2020), PeerJ, DOI 10.7717/peerj.8327 14/15

http://dx.doi.org/10.1186/1475-2840-11-41
http://dx.doi.org/10.1186/1741-7015-9-71
http://dx.doi.org/10.2337/db08-0006
http://dx.doi.org/10.1375/136905203770326411
http://dx.doi.org/10.1371/journal.pgen.0030115
http://dx.doi.org/10.3109/03014460.2015.1103902
http://dx.doi.org/10.1016/j.jcgg.2011.03.001
http://dx.doi.org/10.15605/jafes.026.02.14
http://dx.doi.org/10.3923/pjn.2018.471.479
http://dx.doi.org/10.1371/journal.pone.0177175
http://dx.doi.org/10.7717/peerj.8327
https://peerj.com/


Tan L-J, Zhu H, He H, Wu K-H, Li J, Chen X-D, Zhang J-G, Shen H, Tian Q, Krousel-Wood M,
Papasian CJ, Bouchard C, Pérusse L, Deng H-W. 2014. Replication of 6 obesity genes in a
meta-analysis of genome-wide association studies from diverse ancestries. PLOS ONE
9(5):e96149 DOI 10.1371/journal.pone.0096149.

Tanofsky-Kraff M, Han JC, Anandalingam K, Shomaker LB, Columbo KM, Wolkoff LE,
Kozlosky M, Elliott C, Ranzenhofer LM, Roza CA, Yanovski SZ, Yanovski JA. 2009. The FTO
gene rs9939609 obesity-risk allele and loss of control over eating. American Journal of Clinical
Nutrition 90(6):1483–1488 DOI 10.3945/ajcn.2009.28439.

Tumonggor MK, Karafet TM, Hallmark B, Lansing JS, Sudoyo H, Hammer MF, Cox MP. 2013.
The Indonesian archipelago: an ancient genetic highway linking Asia and the Pacific. Journal of
Human Genetics 58(3):165–173 DOI 10.1038/jhg.2012.154.

Wardle J, Carnell S, Haworth CMA, Farooqi IS, O’Rahilly S, Plomin R. 2008. Obesity associated
genetic variation in FTO is associated with diminished satiety. Journal of Clinical Endocrinology
and Metabolism 93(9):3640–3643 DOI 10.1210/jc.2008-0472.

Wardle J, Llewellyn C, Sanderson S, Plomin R. 2009. The FTO gene and measured food intake in
children. International Journal of Obesity 33(1):42–45 DOI 10.1038/ijo.2008.174.

Warnes G, Gorjanc G, Leisch F, Man M. 2019. Population genetics. Available at
https://cran.r-project.org/web/packages/genetics/genetics.pdf.

WHO Regional Office for the Western Pacific. 2000. Asia-Pacific perspective: redefining obesity
and its treatment. Sydney: Health Communications Australia.

Withrow D, Alter DA. 2011. The economic burden of obesity worldwide: a systematic review of
the direct costs of obesity. Obesity Reviews: An Official Journal of the International Association
for the Study of Obesity 12(2):131–141 DOI 10.1111/j.1467-789X.2009.00712.x.

World Health Organization. 2018. Obesity and overweight. Available at https://www.who.int/
news-room/fact-sheets/detail/obesity-and-overweight (accessed 10 April 2019).

Zalewska M, Maciorkowska E. 2017. Selected nutritional habits of teenagers associated with
overweight and obesity. PeerJ 5(4):e3681 DOI 10.7717/peerj.3681.

Zhang M, Zhao X, Cheng H, Wang L, Xi B, Shen Y, Hou D, Mi J. 2014. Age- and sex-dependent
association between FTO rs9939609 and obesity-related traits in Chinese children and
adolescents. PLOS ONE 9(5):e97545 DOI 10.1371/journal.pone.0097545.

Zillikens MC, Yazdanpanah M, Pardo LM, Rivadeneira F, Aulchenko YS, Oostra BA,
Uitterlinden AG, Pols HAP, Van Duijn CM. 2008. Sex-specific genetic effects influence
variation in body composition. Diabetologia 51(12):2233–2241
DOI 10.1007/s00125-008-1163-0.

Priliani et al. (2020), PeerJ, DOI 10.7717/peerj.8327 15/15

http://dx.doi.org/10.1371/journal.pone.0096149
http://dx.doi.org/10.3945/ajcn.2009.28439
http://dx.doi.org/10.1038/jhg.2012.154
http://dx.doi.org/10.1210/jc.2008-0472
http://dx.doi.org/10.1038/ijo.2008.174
https://cran.r-project.org/web/packages/genetics/genetics.pdf
http://dx.doi.org/10.1111/j.1467-789X.2009.00712.x
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://dx.doi.org/10.7717/peerj.3681
http://dx.doi.org/10.1371/journal.pone.0097545
http://dx.doi.org/10.1007/s00125-008-1163-0
http://dx.doi.org/10.7717/peerj.8327
https://peerj.com/

	Obesity in the Balinese is associated with FTO rs9939609 and rs1421085 single nucleotide polymorphisms
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


