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Abstract. – OBJECTIVE: To elucidate the as-
sociation of fat-mass and obesity-associated
gene (FTO) rs9939609 polymorphism with obe-
sity among children and adolescents.

METHODS: A literature search was conducted
in PubMed, MEDLINE, Springer, and Google
scholar to identify eligible studies. The pooled
odds ratios (ORs) with 95% confidence intervals
(CIs) were used for four models: co-dominant
model (AA vs. TT, AT vs. TT), dominant model (AA
+ AT vs. TT), recessive model (AA vs. AT + TT),
and allelic model (A vs. T). Subgroup analyses
stratified by ethnicity (Caucasian, others) and par-
ticipants (children, children and adolescents)
were assessed under allelic model. The hetero-
geneity and publication bias were examined.

RESULTS: This meta-analysis included 12 eligi-
ble studies consisting 5,000 cases and 9,853 con-
trols. The results revealed that FTO rs9939609
polymorphism was significantly associated with
the increased risk of obesity in co-dominant mod-
el (AA vs. TT: OR = 1.91, 95% CI: 1.47-2.48, p <
0.01; AT vs. TT: OR = 1.18, 95% CI: 1.02-1.38, p =
0.03), dominant model (AA + AT vs. TT: OR = 1.47,
95% CI: 1.35-1.59, p < 0.01), recessive model (AA
vs. AT + TT: OR = 1.79, 95% CI: 1.47-2.17, p < 0.01),
and allelic model (A vs.T: OR = 1.39, 95% CI: 1.22-
1.58, p < 0.01). Similar results were obtained for
the subgroup analyses stratified by ethnicity and
participants under allelic model.

CONCLUSIONS: FTO rs9939609 polymor-
phism is associated with the increased risk of
obesity among children and adolescents, espe-
cially the homozygous carriers.

Key Words:
FTO, rs9939609, Polymorphism, Obesity, Meta-

analysis.

Introduction

Obesity, caused by a complex interaction be-
tween the environment, genetic predisposition,
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and human behavior, has become a global epi-
demic due to increasing incidence worldwide1.
Currently, at least 300 million people are obese
worldwide, according to the World Health Orga-
nization (WHO) estimation2. Alarmingly, obesity
is increasing among children and adolescents
worldwide and is a risk factor for various disor-
ders including type 2 diabetes, hypertension, car-
diovascular disease, stroke, and cancer1.

In the past few years, with the progress of
genome-wide association studies (GWAS), valid
evidence emerged to indicate a significance and
involvement of the genetic component in the oc-
currence and development of obesity3. The fat-
mass and obesity-associated gene (FTO), since
its first discovery by Frayling et al4, has attracted
considerable attention with its potential associa-
tion with the development of obesity5-9. Recent
meta-analysis by Peng et al10 provided signifi-
cant evidence for a modest increase risk of obe-
sity associated with the five single nucleotide
polymorphisms (SNP) (rs9939609, rs1421085,
rs8050136, rs17817449, and rs1121980) across
various ethnic populations. Among these poly-
morphisms, the SNP rs9939609 is the most ex-
tensively studied (n = 68,856; 29 studies). It is
noteworthy that most of the included studies for
rs9939609 were based on adults (27 of 29 stud-
ies), and two studies did not offer the informa-
tion on HWE. In addition, the pooled results
were obtained only under additive and allelic
model. A subsequent mete-analysis was con-
ducted to focus on the association of common
genetic variants in FTO (rs9939609, rs1421085,
rs1558902, and rs8050136) with overweight and
obesity risk among children and adolescents11.
Again, SNP rs9939609 was the most extensively
investigated (n = 30,254; 14 studies), and the
pooled results were also obtained under only an

2015; 19: 614-623

614



additive model, revealing that rs9939609 poly-
morphism was significantly associated with
overweight and obesity risk, with an overall
odds ratio (OR) of 1.35 (95%CI: 1.27-1.44).
Similar result was obtained for obesity with the
subgroup analysis which pooled data from 8
studies. In this meta-analysis, we aimed to better
elucidate the association of FTO rs9939609
polymorphism with the risk of obesity among
children and adolescents, based on the assess-
ment under four genetic models including co-
dominant model, dominant model, recessive
model, and allelic model.

Methods

Literature Search
Under the preferred reporting items for sys-

tematic reviews and meta-analyses (PRISMA)
statement12, a literature search was conducted in
PubMed, MEDLINE, Springer, and Google
scholar with a predesigned protocol up to July 31
2014. The search was limited to English-lan-
guage publications. The following search terms
were used: “rs9939609” and “FTO or fat mass
and obesity-associated gene” and “obesity” and
“children or adolescents”. Additionally, refer-
ences of eligible studies were also screened for
any potential studies.

Study Selection
Studies will be included if they met: (1) study

evaluating the relationship between rs9939609
polymorphism and the risk of obesity; (2) using
case-control, cross-sectional, or cohort design;
(3) the cases were obese and the controls were
healthy; (4) participants should be children
and/or adolescents; and (5) providing an odds ra-
tio (OR) or relative risk (RR) with 95% confi-
dence interval (CI) or sufficient raw data for cal-
culation of OR/RR and CI.

The exclusion criteria were as follows: (1) the
study design was based on family or sibling
pairs; (2) the genotype frequency of rs9939609
was not reported; (3) the study did not evaluate
the association of rs9939609 with the risk of obe-
sity; (4) studies were excluded if the controls vi-
olated the Hardy-Weinberg Equilibrium (HWE);
(5) reviews, letters and comments were excluded;
(6) duplicate studies were excluded. In the case
that multiple publications were from one study
cohort, only the publication with the most de-
tailed information was included.

Data Extraction
With the standard protocol, two investigators

independently extracted the following data from
included studies: name of first author; publica-
tion year; country of origin; study design; num-
bers of cases and controls; characteristics of sub-
jects; allele frequency. Evidence of HWE was
collected, and p > 0.05 was considered signifi-
cantly accorded with HWE. Discrepancies were
resolved by discussion to reach a consensus.

Statistical Analysis
The association of rs9939609 polymorphism

with the risk of obesity was estimated by calcu-
lating pooled OR and 95% CI. The pooled ORs
with 95%CIs were used for co-dominant model
(AA vs. TT or AT vs. TT), dominant model (AA
+ AT vs. TT), recessive model (AA vs. AT + TT),
and allelic model (A vs. T), respectively. Sub-
group analyses stratified by ethnicity (Caucasian,
others) and participants (children, children and
adolescents) were assessed under allelic model.
The heterogeneity across studies was examined
by the Cochran’s Q statistic and the I2 statistic13.
The fixed effects model was selected for homo-
geneous outcomes (p ≥ 0.05 and I2 < 50%) and
the random effects model was applied for hetero-
geneous outcomes (p < 0.05 or I2 ≥ 50%). Publi-
cation bias was observed by the funnel plot, and
funnel plot asymmetry was assessed by Egger’s
regression test14. To assess the stability of the re-
sults, sensitivity analysis was performed by re-
moving one study at a time and repeating the
meta-analysis. p < 0.05 was considered to be sta-
tistically significant. Statistical analysis was per-
formed with Review Manager 5.2 version soft-
ware (Cochrane Collaboration) and STATA 12.0
version software (Stata Corporation, College Sta-
tion, TX, USA).

Results

Characteristics of Included Studies
The process of study selection is depicted in

Figure 1. Initially, 1,216 articles were identified
according to the search strategy (PubMed: 128;
MEDLINE: 127; Springer: 619; Google Scholar:
342), of which 914 were excluded because they
were duplicate publication. After screening the ti-
tles and abstracts, 248 articles were excluded be-
cause they were inconsistent with the inclusion
criteria. With further examination, 42 of remain-
ing 54 articles were excluded. No additional eli-

615

rs9939609 polymorphism and obesity risk



616

L.-L. Quan, H. Wang, Y. Tian, X. Mu, Y. Zhang, K. Tao

Sa
m

p
le

si
ze

P
u
b
lic

at
io

n
St

u
d

y
ye

ar
C

o
u
n

tr
y

E
th

n
ic

it
y

D
ia

g
n

o
si

s
cr

it
er

ia
To

ta
l

C
as

e
C

o
n

tr
o
l

P
ar

ti
ci

p
an

ts
St

u
d

y
d

es
ig

n

Ja
co

bs
so

n
20

08
Sw

ed
en

C
au

ca
si

an
B

M
IS

D
va

lu
es

96
2

45
0

51
2

C
hi

ld
re

n
C

as
e-

co
nt

ro
ls

tu
dy

M
ol

er
es

20
12

Sp
ai

n
C

au
ca

si
an

>
97

th
pe

rc
en

til
e

fo
rB

M
Iv

al
ue

s
35

4
20

8
14

6
C

hi
ld

re
n

an
d

ad
ol

es
ce

nt
s

C
as

e-
co

nt
ro

ls
tu

dy
W

ar
dl

e
20

08
U

K
C

au
ca

si
an

B
M

IS
D

va
lu

es
49

48
92

6
40

22
C

hi
ld

re
n

C
as

e-
co

nt
ro

ls
tu

dy
Z

ha
ng

20
14

C
hi

na
A

si
an

th
e

ag
e-

an
d

se
x-

sp
ec

if
ic

B
M

Ib
y

IO
T

F
35

03
75

7
27

46
C

hi
ld

re
n

an
d

ad
ol

es
ce

nt
s

C
ro

ss
-s

ec
tio

na
ls

tu
dy

Z
av

at
ta

ri
20

11
It

al
y

C
au

ca
si

an
B

M
I>

95
th

pe
rc

en
til

e
ac

co
rd

in
g

to
th

e
re

fe
re

nc
e

14
55

91
2

54
3

C
hi

ld
re

n
C

as
e-

co
nt

ro
ls

tu
dy

B
ea

ta
20

13
Po

la
nd

C
au

ca
si

an
>

95
th

pe
rc

en
til

e
fo

ra
ge

an
d

se
x

re
fe

re
nc

e
va

lu
es

16
0

13
6

24
C

hi
ld

re
n

an
d

ad
ol

es
ce

nt
s

C
ro

ss
-s

ec
tio

na
ls

tu
dy

th
e

ag
e-

an
d

se
x-

sp
ec

if
ic

cu
t-

of
fp

oi
nt

s
O

lz
a

20
13

Sp
ai

n
C

au
ca

si
an

53
4

29
2

24
2

C
hi

ld
re

n
C

as
e-

co
nt

ro
ls

tu
dy

R
iff

o
20

12
C

hi
le

A
m

er
in

di
an

B
M

I>
95

th
pe

rc
en

til
e

37
4

23
8

13
6

C
hi

ld
re

n
C

as
e-

co
nt

ro
ls

tu
dy

M
an

gg
e

20
11

A
us

tr
ia

C
au

ca
si

an
>

95
th

pe
rc

en
til

e
an

d
B

M
Iv

al
ue

s
37

1
26

8
10

3
A

do
le

sc
en

ts
C

as
e-

co
nt

ro
ls

tu
dy

L
uc

zy
ns

ki
20

12
Po

lis
h

C
au

ca
si

an
B

M
IS

D
va

lu
es

83
3

19
9

63
4

C
hi

ld
re

n
C

ro
ss

-s
ec

tio
na

ls
tu

dy
G

on
zá

le
z

20
12

Sp
ai

n
C

au
ca

si
an

>
95

th
pe

rc
en

til
e

fo
ra

ge
an

d
se

x
re

fe
re

nc
e

va
lu

es
38

6
20

2
18

4
C

hi
ld

re
n

C
as

e-
co

nt
ro

ls
tu

dy
Ib

ba
20

13
It

al
y

C
au

ca
si

an
>

95
th

pe
rc

en
til

e
fo

ra
ge

an
d

se
x

re
fe

re
nc

e
va

lu
es

95
5

41
2

54
3

C
hi

ld
re

n
an

d
ad

ol
es

ce
nt

s
C

as
e-

co
nt

ro
ls

tu
dy

Ta
b
le

I.
C

ha
ra

ct
er

is
tic

s
of

in
cl

ud
ed

st
ud

ie
s

in
th

e
m

et
a-

an
al

ys
is

.

Figure 1. Process of the study selection.
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gible articles were obtained via manual literature
searches. Thus, 12 articles were finally included
in current meta-analysis 15-26.

The characteristics of included studies are
shown in Table I. A total of 12 articles (published
from 2008 to 2014) comprising 14,835 partici-
pants (5,000 cases and 9,853 controls) were se-
lected for present study. All included studies
were case-control study or cross-sectional study,
varied in sample size (from 160 to 4948), and en-
rolled children or both children and adolescents.
In addition, most of included studies were per-
formed on Europe population except for two
studies whose participants were form Asian26 or
South America21. The genotypes in the controls
of all included studies were accorded with HWE
(p > 0.05, Table II).

Meta-Analysis Results
Table III lists the main results of the meta-

analysis. ORs with 95% CIs were used to assess
the strength of association of rs9939609 poly-
morphism with obesity. The results revealed that
FTO rs9939609 polymorphism was significantly
associated with increased risk of obesity. The
pooled ORs (95% CIs) for the genetic model
comparison were as follows: co-dominant model
(AA vs. TT: OR = 1.91, 95% CI: 1.47-2.48, p <
0.01; AT vs. TT: OR = 1.18, 95% CI: 1.02-1.38,
p < 0.01), dominant model (AA + AT vs. TT: OR
= 1.47, 95% CI: 1.35-1.59, p < 0.01), recessive
model (AA vs. AT + TT: OR = 1.79, 95% CI:
1.47-2.17, p < 0.01), and allelic model (A vs. T:
OR = 1.39, 95% CI: 1.22-1.58, p < 0.01). Fur-
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thermore, we performed subgroup analyses strat-
ified by ethnicity and participants under allelic
model; and the results are presented in Table IV.
Significant association between rs9939609 poly-
morphism and obesity risk was found in Cau-
casians (OR = 1.38, 95% CI: 1.19-1.61, p < 0.01)
and others (OR = 1.33, 95% CI: 1.17-1.52, p <
0.01). The overall pooled OR in children group,
and in children and adolescents group was 1.39
(95% CI: 1.15-1.68, p < 0.01) and 1.40 (95% CI:
1.15-1.71, p < 0.01), respectively.

Sensitivity Analysis
The influence of a single study on the overall

meta-analysis was examined by excluding each
study at a time. The result confirmed the signifi-

cant association between rs9939609 polymor-
phism and the risk of obesity.

Heterogeneity
Statistically significant heterogeneity was ob-

served for A vs. T (p < 0.01, I2 = 62%), AA vs.
TT (p = 0.02, I2 = 52%) and AA vs. TT+AT (P =
0.02, I2 = 55%), but there was no significant het-
erogeneity for AA+AT vs. TT (p = 0.12, I2 =
35%) and AT vs. TT (p = 0.75, I2 = 0.0%). In the
subgroup analyses, significant heterogeneity was
also existed (p < 0.05, I2 > 50%).

Publication Bias
As shown in Figure 6, the shapes of the funnel

plots did not reveal any evidence of obvious

Figure 2. Forest plot of the association between obesity and the rs9939609 polymorphism under co-dominant model: (A): AA
vs. TT; (B): AT vs. TT.
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Figure 3. Forest plot of the association between obesity and the rs9939609 polymorphism under dominant model.

Case genotype Control genotype
Year of HWE

Study publication TT AT AA TT AT AA chi-square test p value

Jacobsson 2008 133 206 111 174 244 92 0.16 0.69
Moleres 2012 53 106 49 49 76 21 0.95 0.33
Wardle 2008 250 389 287 1548 1878 596 0.46 0.50
Zhang 2014 915 288 26 1803 436 35 2.11 0.15
Zavattari 2011 197 430 285 183 254 106 1.11 0.29
Beata 2013 35 67 34 5 13 6 0.17 0.68
Olza 2013 72 149 69 90 118 33 0.34 0.56
Riffo 2012 111 67 60 73 47 16 3.55 0.06
Mangge 2011 75 118 75 31 56 16 1.28 0.26
Luczynski 2012 51 76 72 187 313 134 0.02 0.88
González 2012 60 83 38 31 85 43 0.90 0.34
Ibba 2013 84 193 135 183 254 106 1.11 0.29

Table II. Genotype frequencies of rs9939609 in studies included in the meta-analysis.

HWE: Hardy-Weinberg equilibrium, it was evaluated using the goodness-of-fit chi-square test. p-values were presented.
p < 0.05 was considered representative of a departure from HWE.

Figure 4. Forest plot of the association between obesity and the rs9939609 polymorphism under recessive model.



asymmetry. Also there was no statistical evidence
of publication bias among studies by using Eg-
ger’s regression test for all models (p = 0.298 for
A vs. T, p = 0.636 for AA vs. TT, p = 0.884 for
AT vs. TT, p = 0.338 for AA vs. TT+AT, p =
0.961 for AA+AT vs. TT, respectively).

Discussion

In current meta-analysis, a total of 12 studies
consisting 14,835 (5,000 cases and 9,853 con-
trols) participants were included. The pooled re-
sult confirmed that FTO rs9939609 polymor-
phism was significantly associated with the in-
creased risk of obesity among children and ado-
lescents; and similar results were obtained for the
subgroup analyses stratified by ethnicity and par-
ticipants under allelic model. Although there was
a significant heterogeneity across studies, sensi-
tivity analysis did not alter this significant associ-
ation. Furthermore, we found the allele A of
rs9939609 might increase the risk of obesity
among children and adolescents.

Similarly, several previous meta-analyses10,11,27,28

also identified the significant association of FTO
rs9939609 polymorphism with the increased risk
of obesity, although these studies did not exclusive-
ly focused on the role of FTO rs9939609 polymor-
phism in obesity among children and adoles-
cents. Nevertheless, the results should be inter-
preted with caution. As a multi-factorial dis-
ease, obesity is considered largely attributed to
environmental interaction in subjects with obe-
sity susceptibility genes29,30. On the other hand,
although accumulating evidence have consis-
tently confirmed the role of FTO gene polymor-
phism for the occurrence and development of
obesity across multiple populations, especially
in Caucasian populations31-33, a remarkable fact
is that FTO polymorphism do not appear to af-
fect BMI or the risk of obesity in several other
populations such as African Americans6, Chi-
nese Hans34, Japanese35 or Oceanic populations
(Melanesians, Micronesians and Polynesians)36.
However, there was limited data on these popu-
lations, and only two studies enrolled these pop-
ulations were included in present study. What
should be accounted for the difference among
ethnicities? An acceptable explanation may be
the differences in minor allele frequency (MAF)
or linkage disequilibrium (LD) patterns across
various ethnic populations, which is based on
the truth that MAF in Asian populations and

619

rs9939609 polymorphism and obesity risk

B
g

g
er

’s
te

st
Sa

m
p
le

si
ze

Te
st

o
f

as
so

ci
at

io
n

Te
st

o
f

h
et

er
o
g

en
ei

ty
fo

r
p
u
b
lic

at
io

n
b
ia

sc

rs
9

9
3

9
6

0
9

C
as

es
C

o
n

tr
o
l

O
R

(9
5
%

C
I)

Z
p

va
lu

e
M

o
d

el
Q

p
va

lu
e

I2
(%

)
z

p
va

lu
e

A
vs

.T
10

89
8

18
67

0
1.

39
(1

.2
2,

1.
58

)
4.

94
<0

.0
1

R
an

do
m

50
.5

2
<0

.0
1

78
1.

17
0.

24
4

A
A

vs
.T

T
32

77
55

61
1.

91
(1

.4
7,

2.
48

)
4.

87
<0

.0
1

R
an

do
m

45
.6

0
<0

.0
1

76
0.

89
0.

37
3

A
T

vs
.T

T
42

08
81

31
1.

18
(1

.0
2,

1.
38

)
2.

18
0.

03
R

an
do

m
26

.6
8

0.
01

59
1.

58
0.

11
5

A
A

vs
.T

T
+A

T
54

49
93

35
1.

79
(1

.4
7,

2.
17

)
5.

84
<0

.0
1

R
an

do
m

33
.8

9
<0

.0
1

68
1.

85
0.

06
4

A
A

+A
T

vs
.T

T
54

49
93

35
1.

47
(1

.3
5,

1.
59

)
9.

39
<0

.0
1

R
an

do
m

37
.7

0
<0

.0
1

71
0.

21
0.

83
7

Ta
b
le

II
I.

R
es

ul
ts

of
m

et
a-

an
al

ys
is

fo
r

rs
99

39
60

9
po

ly
m

or
ph

is
m

w
ith

ob
es

ity
.

O
R

:O
dd

s
ra

tio
;C

I:
co

nf
id

en
ce

in
te

rv
al

.



620

L.-L. Quan, H. Wang, Y. Tian, X. Mu, Y. Zhang, K. Tao

South Americans is less than half of that report-
ed for populations of European descent and the
patterns of LD are also distinct9.

Our finding that the allele A of rs9939609
might increase the risk of obesity among chil-
dren and adolescents is consistent with the
study by Wardle et al18. They found that the
FTO rs9939609 polymorphism might impair
satiety responsiveness and thus have a direct ef-
fect on appetite, which may naturally influence
adiposity. On the other hand, they considered
that except for the effects on appetite, other
obesogenic effects of the FTO A allele might
exist. Cecil et al37 found that the children carry-
ing the FTO A allele have a preference for ener-
gy-dense foods. Although the underlying mech-
anism is needed to be further investigated, these
studies have provided important evidence on the
complex system governing the regulation of en-

ergy balance. A central role for FTO may in-
volve the way through an effect on cerebrocorti-
cal insulin sensitivity, which was supported by
the finding that individuals homozygous for the
risk allele have a reduced insulin response in the
brain38. Additionally, there may exist a peripher-
al role for FTO, as indicated by the finding that
FTO mRNA levels in adipose tissue increased
with BMI, and carriers of the risk-allele had re-
duced lipolytic activity, independent of BMI39

We considered that understanding the etiology
of obesity and the biology of the FTO gene may
bring more valuable information in this regard.

Some limitations of this study should be dis-
cussed. First, only published studies were includ-
ed in the present meta-analysis, which may bring
publication bias although it was not detected.
Second, significant heterogeneity was observed
across studies, which may attribute to differences

No. Sample size
of studies Test of association Test of heterogeneity

Subgroup Cases Controls OR (95%CI) Z p value Model Q p value I2 (%)

Ethnicity
Caucasian 10 7964 13850 1.38 (1.19, 1.61) 4.17 <0.01 Random 45.65 <0.01 80
Others 2 2934 4820 1.33 (1.17, 1.52) 4.21 <0.01 Fixed 1.36 0.24 26
Participants
Children 7 6392 12490 1.39 (1.15,1.68) 3.39 <0.01 Random 40.65 <0.01 85
Children and
adolescents 4 3970 5974 1.40 (1.15,1.71) 3.30 <0.01 Random 7.77 0.05 61

Table IV. Results of subgroup analyses.

Figure 5. Forest plot of the association between obesity and the rs9939609 polymorphism under allelic model.
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in genetic susceptibility across various popula-
tions, participant characteristics and in the sam-
ple size. Furthermore, either the study design of
included studies was case-control or cross-sec-
tional with limited sample, more high-quality
studies are required to verify the result of this
meta-analysis.

Conclusions

This meta-analysis reveals that the FTO
rs9939609 polymorphism significantly associat-
ed with the risk of obesity among children and
adolescents, and the allele A of rs9939609 might

increase the risk. Larger and well-designed stud-
ies based on different populations are needed to
confirm our results.
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