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OBJECTIVE—Childhood obesity strongly predisposes to some
adult diseases. Recently, genome-wide association (GWA) stud-
ies in Caucasians identified multiple single nucleotide polymor-
phisms (SNPs) associated with BMI and obesity. The
associations of those SNPs with BMI and obesity among other
ethnicities are not fully described, especially in children. Among
those previously identified SNPs, we selected six (rs7138803,
rs1805081, rs6499640, rs17782313, rs6265, and rs10938397, in or
near obesity-related genes FAIM2, NPC1, FTO, MC4R, BDNF,
and GNPDA2, respectively) because of the relatively high minor
allele frequencies in Chinese individuals and tested the associa-
tions of the SNPs with BMI and obesity in Chinese children.

RESEARCH DESIGN AND METHODS—We investigated the
associations of these SNPs with BMI and obesity in school-aged
children. A total of 3,503 children participated in the study,
including 1,229 obese, 655 overweight, and 1,619 normal-weight
children (diagnosed by the Chinese age- and sex-specific BMI
cutoffs).

RESULTS—After age and sex adjustment and correction for
multiple testing, the SNPs rs17782313, rs6265, and rs10938397
were associated with BMI (P � 1.0 � 10�5, 0.038, and 0.00093,
respectively) and also obesity (P � 5.0 � 10�6, 0.043, and
0.00085, respectively) in the Chinese children. The SNPs
rs17782313 and rs10938397 were also significantly associated
with waist circumference, waist-to-height ratio, and fat mass
percentage.

CONCLUSIONS—Results of this study support obesity-related
genes in adults as important genes for BMI variation in children
and suggest that some SNPs identified by GWA studies in
Caucasians also confer risk for obesity in Chinese children.
Diabetes 59:3085–3089, 2010

I
n recent years, the prevalence of adult and child-
hood obesity has been increasing in most parts of
the world, including China (1,2). Overweight chil-
dren show a higher risk for severe adult obesity (3).

Childhood obesity strongly predisposes to some adult
diseases such as hypertension, type 2 diabetes, and car-
diovascular disease (4–6).

Six single nucleotide polymorphisms (SNPs) (rs7138803,
rs1805081, rs6499640, rs17782313, rs6265, and rs10938397,
located in or near the fas apoptotic inhibitory molecule 2
[FAIM2] gene, the Niemann-Pick disease type C1 [NPC1]
gene, the fat mass and obesity associated [FTO] gene, the
melanocortin-4 receptor [MC4R] gene, the brain-derived neu-
rotrophic factor [BDNF] gene, and the glucosamine-6-phos-
phate deaminase 2 [GNPDA2] gene, respectively) were
reported to be associated with obesity by genome-wide
association (GWA) studies in Caucasians (7–9). Among these
SNPs, rs6265 was associated with BMI in European-Ameri-
can children (10), and rs17782313 and rs10938397 were
associated with obesity in Chinese adults (11). However, no
independent replication studies of the six SNPs were con-
ducted in Chinese children.

To investigate the associations of these six SNPs with
BMI and the risk of overweight and obesity in Chinese
children, we genotyped the SNPs in children who partici-
pated in the population-based Beijing Child and Adoles-
cent Metabolic Syndrome (BCAMS) study (12). We tested
the associations of the six SNPs with BMI, waist circum-
ference, fat mass percentage (FMP), waist-to-height ratio
(WHtR), and birth weight as continuous traits. Further-
more, we analyzed the associations of the SNPs with risk
of overweight or obesity as dichotomized traits.

RESEARCH DESIGN AND METHODS

Subjects were recruited from a cross-sectional population-based survey
termed the BCAMS study (12). The survey included a questionnaire, medical
examination, anthropometric measurement, and finger capillary blood tests
among a representative sample (n � 19,593; boys 50%) of Beijing children
aged 6–18 years in 2004. Anthropometric measurement included weight,
height, waist circumference, and FMP by bioimpedance analysis. Birth weight
was collected from self-report questionnaires that were completed by parents
or guardians.

Within this large group of children, 1,229 obese, 655 overweight, and 1,619
normal-weight children were randomly recruited and diagnosed by the Chinese
age- and sex-specific BMI cutoffs (supplementary Table 1 available at http://
diabetes.diabetesjournals.org/cgi/content/full/db10-0273/DC1) (13). Also, veni-
puncture blood samples were collected. We obtained written informed consent
from all participants. The BCAMS study was approved by ethics committees of
the Capital Institute of Pediatrics.
Measurement of anthropometric parameters. All instruments were vali-
dated following the standard methods of the manufacturers (14). BMI was
calculated as weight in kilograms divided by the square of height in meters.
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Waist circumference was measured midway between the lowest rib and the
superior border of the iliac crest at the end of normal expiration with an
inelastic measuring tape to the nearest 0.1 cm. FMP was performed with the
use of a body composition analyzer (TBF-300A; TANITA).
Selection of SNPs and genotyping. To achieve a power of not less than 0.75,
we selected only SNPs in obesity-related genes with minor allele frequencies
�0.14 in Chinese individuals in the HapMap database. With the assumed effect
size of 1.2 for an allele frequency of 0.14, the power for detecting positive
association was greater than 0.75. We chose the six SNPs (rs7138803 [7],
rs1805081 [9], rs6499640 [7], rs17782313 [8], rs6265 [7], and rs10938397 [8])
that have been shown to significantly associate with the risk of obesity.

Genomic DNA was isolated from peripheral blood white cells using the salt
fractionation method. SNPs were genotyped by TaqMan (15) Allelic Discrim-
ination Assays with the GeneAmp 7900 Sequence Detection System (Applied
Biosystems, Foster City, CA). TaqMan probes were used for genotyping
rs7138803 (C__29248155_10), rs1805081 (C__25472673_10), rs6499640
(C__29387696_10), rs17782313 (C__32667060_10), rs6265 (C__11592758_10),
and rs10938397 (C___1594245_10). Genotyping call rates for all SNPs were
greater than 98%. In order to validate the accuracy of genotyping, we repeated
70 samples randomly for each SNP and observed 100% concordance between
the results of the two tests.
Statistical analyses. The allele increasing BMI was defined as the effect
allele in our study. Genetic association between the genotypes at each given
SNP and a given phenotype was assessed by multiple regression as imple-
mented in the PLINK program (16). For qualitative and quantitative variables,
logistic regression and linear regression were carried out, respectively, with
age and sex as covariates. Quantitative variables were suitably transformed
prior to analysis (log transformation for BMI, waist circumference, and WHtR;
square root transformation for FMP). Genotypes were scored as 0, 1, and 2
reflecting the number of susceptibility alleles, where the latter are defined as
alleles conferring risk to the phenotype. Empirical significance levels were
computed by randomization tests (100,000 permutations) as implemented in
the PLINK program. Nominal P value was computed in a one-sided manner,
i.e., as one half of the two-sided P value (all susceptibility alleles were the
same as in the published data). False discovery rate, which was computed
based on the Benjamini and Hochberg (17) method, was applied for six SNPs,
three models (dominant, recessive, and additive), and seven adiposity mea-
sures (BMI, waist circumference, WHtR, FMP, birth weight, overweight, and
obesity) simultaneously (number of tests: 6 � 2.21 � 7). It has been shown
that testing the three models is equivalent to a correction factor of 2.21 (18).
Power calculation was performed using Quanto software (http://hydra.usc.
edu/gxe/). Hardy-Weinberg equilibrium was assessed by �2 tests. ANCOVA
was applied for comparison of anthropometric indexes between genotypes of
SNPs, and linear regression was used to estimate the effect of per allele on
anthropometric indexes.

RESULTS

The study included 3,503 children diagnosed by the Chi-
nese age- and sex-specific BMI cutoffs (supplementary
Table 1) (13), of whom 1,229 were classified as obese and
655 as overweight. The mean age of subjects was 12.4 �
3.1 years and 50.8% were boys (see supplementary Table 2
for additional characteristics). We genotyped six SNPs
(rs7138803 near FAIM2, rs1805081 in exon 6 of NPC1,
rs6499640 in intron 1 of FTO, rs17782313 near MC4R,
rs6265 near BDNF, and rs10938397 near GNPDA2) in the

cohort. The genotypes of the SNPs were in Hardy-Wein-
berg equilibrium in each group (P � 0.05) (supplementary
Table 3).

After adjusting for multiple testing, statistically signifi-
cant associations of the SNPs (rs7138803, rs17782313,
rs6265, and rs10938397) with BMI (adjusted for age and
sex, P � 0.0097, 1.0 � 10�5, 0.038, and 0.00093, respec-
tively) were found under the additive model (Table 1). The
data of three models of inheritance (dominant, recessive,
and additive) are provided in supplementary Table 4.

We also tested the associations between the six SNPs
and anthropometric indexes, including waist circumfer-
ence, WHtR, FMP, and birth weight (supplementary Table
5). Our results showed that the SNPs rs17782313 and
rs10938397 were significantly associated with waist cir-
cumference, WHtR, and FMP, and the SNP rs7138803 was
significantly associated with waist circumference and
WHtR, but none of the six SNPs were associated with birth
weight.

All six SNPs, including rs1805081 (borderline signifi-
cance, P � 0.048), were significantly associated with
obesity in the Chinese children after age and sex adjust-
ment (Table 2). After adjusting for multiple testing, the
significant associations of the SNPs rs17782313, rs6265,
and rs10938397 with obesity remained (P � 5.0 � 10�6,
0.043, and 0.00085, respectively). The power for rs1805081
was 0.994, assuming the effect size of 1.33 for the effect
allele (9) with the frequency of 0.744. In the analysis of
overweight status, the only statistically significant associ-
ation observed was with rs17782313 after age and sex
adjustment and correction for multiple testing (Table 2).
The data of three models (dominant, recessive, and addi-
tive) with power calculations are provided in supplemen-
tary Table 6.

For the 126 (six SNPs, three genetic models, and seven
phenotypes) resulting P values, associated false discovery
rate levels were performed (0.05 as criteria). After multiple
testing, the significant associations of the SNPs
rs17782313, rs6265, and rs10938397 with BMI and obesity
remained (data not shown).

Figure 1 shows the frequency distribution of the number
of effect alleles of the six SNPs in normal-weight, over-
weight, and obese groups. The associations of the number
of effect alleles with overweight and obesity are shown in
supplementary Table 7. Most subjects of each group carry
four to six effect alleles. In the obese group, compared
with subjects that carry three or fewer effect alleles, the
risk of obesity of the subjects that carry four to six and
greater than seven effect alleles was 1.54 (one-sided 95% CI

TABLE 1
BMI according to genotypes and per effect allele change in BMI after age and sex adjustment

SNP Position
Nearest

gene

Effect
allele

(1)

Other
allele

(2)

BMI P (additive model) Per effect
allele

change in
BMI (�)

Lower
bound of
one-sided

95% CI11 12 22
Nominal

P

Permuted
P

rs7138803 48533735 FAIM2 A G 22.4 � 0.2 22.0 � 0.1 21.7 � 0.1 0.0016 0.0097 0.35 0.15
rs1805081 19394430 NPC1 A G 22.0 � 0.1 21.9 � 0.1 21.4 � 0.3 0.063 0.28 0.21 �0.0047
rs6499640 52327178 FTO A G 22.1 � 0.4 22.1 � 0.1 21.8 � 0.1 0.023 0.12 0.29 0.044
rs17782313 56002077 MC4R C T 23.1 � 0.3 22.2 � 0.1 21.6 � 0.1 3.6 � 10�7 1.0 � 10�5 0.63 0.42
rs6265 27636492 BDNF G A 22.2 � 0.1 21.9 � 0.1 21.6 � 0.2 0.0067 0.038 0.27 0.093
rs10938397 45023455 GNPDA2 G A 22.6 � 0.2 22.0 � 0.1 21.6 � 0.1 0.00016 0.00093 0.45 0.26

Data are means � SE. Nominal P values were adjusted for age and sex, and permuted P values were further corrected for multiple testing.
All P values were one-sided.
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�1.31; one-sided P � 5.9 � 10�6) and 2.50 (one-sided 95%
CI �1.97; one-sided P � 1.3 � 10�10), respectively. There
were significant associations of the number of effect
alleles with anthropometric indexes (except birth weight)
including BMI, waist circumference, WHtR, and FMP
(supplementary Table 8).

DISCUSSION

Recently, GWA studies have discovered several genetic
variants in obesity-related genes that modulate body
weight in Caucasians (7–9) ([9] was a GWA study for
extreme obesity, not BMI in population-based samples as
the other GWA studies were). Although the associations of
the SNPs rs6265, rs17782313, and rs10938397 with BMI or
obesity were investigated in European-American children
(10) and subsequently replicated in an adult Chinese
population (11), independent replication studies have not
been carried out in Chinese children. In the present study,
we examined six SNPs in obesity-related genes in Chinese
children. There were significant associations of the SNPs
rs7138803, rs17782313, rs6265, and rs10938397 with BMI
after age and sex adjustment and correction for multiple
testing (Table 1). Our results also showed that the SNPs
rs17782313, rs6265, and rs10938397 increased the risk of
obesity, and the odds ratios (ORs) of these SNPs were
higher than those in Europeans (7–9,19) (Table 2). We
demonstrated the associations with obesity and BMI as
well as other anthropometric indexes including waist
circumference, WHtR, and FMP. Our results showed that
none of these SNPs were associated with birth weight,
suggesting that the genetic influence of body weight
occurs after birth.

In our study, no statistically significant association of
rs1805081 with BMI and obesity in Chinese children was
found (Tables 1 and 2); however, the trend of association
is in the same direction as the initial finding, and the A
allele is also the risk allele for obesity. Association of
rs1805081 with BMI and obesity in our study showed
borderline significance after age and sex adjustment. The
differences in obesity prevalence between adults and
children or the differences in effect size between Cauca-
sians and Chinese might be the reasons why the effect of
SNP could not be replicated in our study.

This study is the first to show the associations of SNPs
(rs7138803, rs1805081, rs6499640, rs17782313, rs6265, and
rs10938397) with BMI and risk of obesity in children with
Chinese ancestry. It is important to clarify the impact of

T
A

B
LE

2
A

ssociations
of

SN
P

s
w

ith
overw

eight
and

obesity
in

m
ultinom

ial
logistic

regression
w

ith
age

and
sex

adjustm
ent

SN
P

C
hr.

N
earest
gene

E
ffect

allele
O

ther
allele

O
verw

eight
(n

�
655)

vs.
norm

al
w

eight
(n

�
1,619)

O
bese

(n
�

1,229)
vs.

norm
al

w
eight

(n
�

1,619)

O
R

(additive
m

odel)

Low
er

bound
of

one-sided
95%

C
I

N
om

inal
P

P
erm

uted
P

O
R

(additive
m

odel)

Low
er

bound
of

one-sided
95%

C
I

N
om

inal
P

P
erm

uted
P

R
eported

O
R

(95%
C

I)

rs7138803
12

F
A

IM
2

A
G

1.12
0.99

0.056
0.26

1.15
1.04

0.020
0.11

1.14
(1.09–1.19)

rs1805081
18

N
P

C
1

A
G

0.95
0.83

0.20
0.48

1.12
1.01

0.048
0.23

1.33
(1.07–1.75)

rs6499640
16

F
T

O
A

G
1.03

0.89
0.38

0.50
1.19

1.05
0.016

0.088
1.16

(1.10–1.21)
rs17782313

18
M

C
4

R
C

T
1.26

1.10
0.0021

0.013
1.37

1.23
8.2

�
10

�
7

5.0
�

10
�

6
1.20

(1.09–1.31)
rs6265

11
B

D
N

F
G

A
1.05

0.94
0.21

0.48
1.16

1.06
0.0075

0.043
1.12

(1.06–1.19)
rs10938397

4
G

N
P

D
A

2
G

A
1.12

1.00
0.057

0.26
1.24

1.13
0.00014

0.00085
1.20

(1.09–1.31)

N
om

inal
P

values
w

ere
adjusted

for
age

and
sex,and

perm
uted

P
values

w
ere

further
corrected

for
m

ultiple
testing.A

ll
P

values
w

ere
one-sided.O

bese,overw
eight,and

norm
al-w

eight
children

w
ere

diagnosed
by

the
C

hinese
age-

and
sex-specific

B
M

I
cutoffs

(supplem
entary

T
able

1)
(13).

O
R

s
and

95%
C

Is
w

ere
calculated

using
m

ultinom
ial

logistic
regression

w
ith

genotypes,
age,

and
sex

as
the

independent
variables.

C
hr.,

chrom
osom

e.

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

≤ 1 2 3 4 5 6 7 ≥8

Su
bj

ec
ts

 (%
)

Effect alleles (n)

Normal weight 
Overweight
Obese

FIG. 1. Frequency distribution of the number of effect alleles in
normal-weight, overweight, and obese groups.

L. WU AND ASSOCIATES

diabetes.diabetesjournals.org DIABETES, VOL. 59, DECEMBER 2010 3087



genetic susceptibility by investigating the association be-
tween genetic variants on obesity-related genes and child-
hood adiposity.

In conclusion, our study showed the associations of six
SNPs in obesity-related genes with BMI and risk of obesity
in the Chinese children. Results of this study support
obesity-related genes in adults as important genes for BMI
variation in children. It suggests that some SNPs identified
by GWA studies in Caucasians also confer risk for obesity
in Chinese children. The functional studies are needed to
investigate the roles of these genes in children to prevent
adult obesity and other related diseases.
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