
ORIGINAL ARTICLE

Combined effects of FTO rs9939609 and MC4R rs17782313
on obesity and BMI in Chinese Han populations

Wei Huang • Yanlei Sun • Jiazhong Sun

Received: 12 July 2010 / Accepted: 5 October 2010 / Published online: 10 November 2010

� Springer Science+Business Media, LLC 2010

Abstract Genetic variants of FTO and MC4R have been

linked with obesity and T2DM in populations of Europe-

ans. In this study, we have investigated the association of

FTO rs9939609 and MC4R rs17782313 with obesity and

T2DM in the Chinese population and analyzed the rela-

tionship between rs9939609 and rs17782313. 2351 indi-

viduals were recruited. We tested the rs9939609 and

rs17782313 by sequences retrieval method. Clinical and

biochemical characteristics were measured. The rs9939609

per-A allele and rs17782313 per-C allele increases of OR

for obesity was 1.42 (95% CI 1.39–3.74) and 1.39 (95% CI

1.21–3.53).The genotypic OR for obesity was 1.92 (95%

CI 1.81–4.67) for AA genotype, 1.71 (95% CI 1.47–4.54)

for AT genotype, 1.87 (95% CI 1.72–4.00) for CC geno-

type, and 1.44 (95% CI 1.20–3.18) for CT genotype. BMI

of participants carrying neither FTO nor MC4R risk allele

was 25.9 ± 4.9, one risk allele was 26.4 ± 5.1, two risk

alleles was 28.1 ± 5.5, and there or four risk alleles was

33.2 ± 6.3. We found no association between FTO and

MC4R and the Chinese population with T2DM (P [ 0.05).

Our data support that the rs9939609 and rs17782313 are

strongly associated with obesity and BMI. Their combined

effects were significant in Chinese population. No associ-

ation between FTO and MC4R and Chinese population

with T2DM was found.
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Introduction

Obesity is rapidly growing international health problem. It

is a leading risk factor for multiple common diseases such

as type 2 diabetes, heart diseases, and hypertension and has

a strong genetic component [1]. Genetic factors play an

important role in the development of obesity, but the

underlying genetic causes are poorly understood [2]. The

FTO gene was originally identified in mouse. Recent

studies have revealed a strong association between com-

mon variants in the first introduction of FTO and obesity in

the children and adults. Each rs9939609 an allele

(chr16:52,378,028; dbSNP build 129) increased body

weight by 1.2 kg in adult general populations and con-

ferred a 31% higher risk of developing obesity [3]. FTO

protein was found to be ubiquitously expressed in various

tissues with relatively high levels in the hypothalamus and

pancreatic islets [4]. FTO protein could, therefore, be a key

link between central nervous system and energy balance.

The MC4R gene, encoding the melanocortin 4 receptor,

was the first locus at which mutations were associated with

dominantly inherited morbid human obesity and was the

commonest genetic cause of human obesity described

before the era of genome-wide association (GWA) studies.

The rs17782313 C allele (chr18:56, 002, 077; dbSNP build

129), located 188 kb downstream of MC4R, was similarly

associated with obesity (OR = 1.30 [1.20–1.41]) in
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populations of European origin [5]. However, these asso-

ciations need to be confirmed by further replication studies,

particularly in other ethnic populations. Europeans and

Chinese are different in their environmental risk, profiles,

body composition, and genetic backgrounds. In this study,

we have investigated the association of FTO and MC4R

gene polymorphism with obesity and type 2 diabetes in the

Chinese population and analyzed the relationship between

FTO rs9939609 and MC4R rs17782313.

Research design and methods

We recruited 2,351 individuals aged 50–70 years (1,172

men and 1,179 women) which all were belonging to Han

ethnicity from Hubei province of China, all their parents and

grand parents self-identifying as Han, with no apparent

consanguinity, through Physical Examination Center at

ZhongNan Hospital of Wuhan University. This study had

been reviewed and approved by Hubei ethics committee.

The study subjects had been given informed consent to

participate in the study by letters of advice. The experiment

was divided into two groups, including obesity group

(560 cases) and type 2 diabetes group (591cases) studies. The

number of control subjects was 1,200, which of all clinical

and biochemical characteristics were normal. Obesity was

defined as BMI C 28 kg/m2, according to the Chinese cri-

teria [6]. At the same time, the waist circumferences(male:

WC [ 90 cm; female: WC [ 80 cm) were defined as cen-

tral obesity [6].The patients were diagnosed T2DM based on

2003 American Diabetes Association criteria, expelled

patients with type 1 diabetes, type 2 diabetes with diabetic

ketoacidosis or hyperosmolar nonketotic diabetic coma, or

with tumor, with severe liver or renal diseases.

Clinical measurements

Height and weight were measured with participants dressed

in lightweight clothing without shoes. BMI was calculated

as the weight in kilograms divided by the square of height

in meters. Body fat percentage was assessed using dual

energy X-ray absorptiometry. Waist circumference (in cm)

was measured midway between the lowest Tib and the iliac

crest to the nearest 0.1 cm after inhalation and exhalation.

Fasting glucose was measured enzymatically on an auto-

matic analyzer (Hitachi 7080). Fasting insulin was deter-

mined by radioimmunoassay (Linco Research, St. Charles,

MO, USA). b-cell function (HOMA-B) and HOMA-IR was

calculated using computer model (HOMA Calculator v2.2).

HbA1C were measured by turbidometric immunoassay in

red blood cells on the Hitachi 7080 analyzer. Blood total

cholesterol, triglycerides, and LDL-C were also measured.

Of the controls whose medical conditions were normal by

done body examination in our department. We only

extracted DNAs for genotyping.

Genotyping

Each subject donated 5 ml of blood sample for genomic

DNA extraction. Genotyping conditions in our study were

referring to a previous report [4]. The polymerase chain

reaction (PCR) was performed on an automated DNA

thermal cycler (Beijing Institute of Technology, China)

with the primers of FTO rs9939609 (FP: 50-AAGAG

ATGATCTCAAATCTACTTTATGAGATA-30 and RP:

50-TTAGAGTAACAGAGACTATCCAAGTGCATCAT-30,
annealing temperature 54�C, 30 cycles and a 155 bp

product) [4]. The primers of MC4R rs17782313 were

designed using the primer5 software (FP: 50-AGGAAA

CAGCAGGGATAGGG-30 and RP: 50-TGCTGAGACAG

GTTCAT AAAAAG-30, annealing temperature 56�C, 30

cycles and a 407 bp product). The MC4R rs17782313 and

FTO rs9939609 genotyped using sequences retrieval

(SinoGenoMax Co.,Ltd).

Statistical analysis

Statistical analysis was performed using SPSS 11.5 for

Windows. Genotype and allele frequencies were compared

with the Hardy–Weinberg equilibrium model and then ana-

lyzed by v2 testing using contingency tables, respectively.

Allelic and genotypic associations of the FTO rs9939609 and

MC4R rs17782313 variant found significant were evaluated

by computing odds ratios and 95% CIs. All data were pre-

sented as means ± SD. The clinical and biochemical char-

acteristics with these genotypes were compared by one-way

ANOVA. P \ 0.05 was considered significant. All analyses

were adjusted for sex, age, and geographical region.

Results

Effects of FTO and MC4R on obesity and BMI

The MC4R and FTO effects on the BMI were first inves-

tigated independently of each other. All the genotype

and allele frequencies of FTO rs9939609 and MC4R

rs17782313 are in agreement with the Hardy–Weinberg

equilibrium (P [ 0.05). All the frequencies were presented

in Table 1.

Effects of the FTO rs9939609 on obesity and BMI

(Table 1 and Table 2)

Genotype distribution were significantly different between

obesity patients and controls (P \ 0.05).The A allele and
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AA genotype frequencies were all significantly higher in

obesity patients than controls (P \ 0.05). The A allele odds

ratio for obesity was 1.42 (95% CI 1.39–3.74). The geno-

typic odds ratio for obesity was 1.92 (95% CI 1.81–4.67)

for the AA genotype and 1.71 (95% CI 1.47–4.54) for the

AT genotype.

Effects of the MC4R rs17782313 on obesity and BMI

(Table 1 and Table 2)

Genotype distribution were also significantly different

between obesity patients and controls (P \ 0.05). We

calculated the C allele and CC genotype frequencies were

all significantly higher in obesity patients than controls

(P \ 0.05). The C allele odds ratio for obesity was 1.39

(95% CI 1.21–3.53).The genotypic odds ratio for obesity

was 1.87 (95% CI 1.72–4.00) for the CC genotype and 1.44

(95% CI 1.20–3.18) for the CT genotype.

The combined effects of FTO rs9939609 and MC4R

rs17782313 on obesity and BMI (Fig. 1)

In this study, we observed that BMI of participants

simultaneously carrying the A and C alleles was signifi-

cantly higher than carrying neither FTO nor MC4R risk

allele (v2 = 29.78, P \ 0.05) and carrying alone the A or

C alleles controls (v2 = 27.45, P \ 0.05). BMI of partici-

pants carrying neither FTO nor MC4R risk allele was

25.9 ± 4.9, carrying one risk allele was 26.4 ± 5.1, car-

rying two risk alleles was 28.1 ± 5.5 and carrying three or

four risk alleles was 33.2 ± 6.3.

Table 1 FTO rs9939609 and MC4R rs17782313 distributions in obesity and control groups

Groups n FTO(rs9939609) MC4R(rs17782313)

Genotypes n(frequency) Alleles n(frequency) Genotypes n(frequency) Alleles n(frequency)

AA AT TT A T CC CT TT C T

Obesity 560 124 (22.1) 294 (52.5) 142 (25.4) 542 (48.4) 578 (51.6) 135 (24.1) 275 (49.1) 150 (26.8) 545 (48.7) 575 (51.3)

Controls 1200 205 (17.1) 545 (45.4) 450 (37.5) 955 (39.8) 1445 (60.2) 210 (17.5) 554 (46.2) 436 (36.3) 974 (40.6) 1426 (59.4)

Data are means (SD) for genotypic classes on unrelated individuals. FTO rs9939309: through Pearson v2 test, comparison of genotypes: obesity

versus controls, v2 = 26.05, P \ 0.05; comparison of alleles: obesity vs. controls, v2 = 23.11, P \ 0.05; MC4R rs17782313: through Pearson v2

test, comparison of genotypes: obesity versus controls, v2 = 19.54, P \ 0.05; comparison of alleles: obesity versus controls, v2 = 19.52,

P \ 0.05

Table 2 Obesity and type 2 diabetes studies

FTO(rs9939609) MC4R(rs17782313)

TT AT AA P TT CT CC P

Obesity-related

N 592 839 329 596 829 345

BMI (kg/m2) 26.9 ± 4.9 28.3 ± 4.6 30.1 ± 5.1 0.000073 25.2 ± 4.9 27.3 ± 5.1 28.9 ± 5.4 0.0033

Waist circumference (cm) 87.9 ± 16.1 89.3 ± 17.2 92.7 ± 16.4 0.00025 86.9 ± 16.7 88.5 ± 16.4 90.7 ± 17.2 0.04

Body fat (%) 28.2 ± 8.9 30.6 ± 9.3 31.5 ± 9.1 0.0032 28.8 ± 8.5 29.6 ± 8.4 31.3 ± 9.1 0.02

Type 2 diabetes

N 886 723 182 912 712 167

Fasting glucose(mmol/l) 5.69 ± 0.07 5.65 ± 0.04 5.52 ± 0.31 0.07 5.56 ± 0.11 5.54 ± 0.09 5.52 ± 0.25 0.11

Fasting insulin(pmol/l) 82.6(0.8) 79.4(1.6) 79.2(6.0) 0.19 85.6(0.8) 82.4(1.6) 82.2(6.0) 0.25

HOMA-B (%) 101.2(0.9) 101.5(1.7) 109.7(8.5) 0.85 103.1(0.8) 102.6(1.1) 106.2(6.9) 1.23

HOMA-IR 3.35(3.91) 3.42(2.72) 4.96(8.7) 0.28 3.38(4.11) 3.43(3.12) 4.87(5.7) 0.37

HBA1C (%) 6.01 ± 0.02 5.93 ± 0.06 5.94 ± 0.13 0.15 6.13 ± 0.02 5.98 ± 0.02 5.84 ± 0.23 0.18

TC(mmol/l) 4.46 ± 1.54 4.05 ± 1.50 4.41 ± 1.72 0.885 4.40 ± 1.51 4.09 ± 1.54 4.44 ± 1.75 0.889

TG(mmol/l) 2.32 ± 1.92 2.16 ± 1.31 2.11 ± 1.81 0.873 2.29 ± 1.91 2.18 ± 1.28 2.13 ± 1.82 0.878

LDL-C(mmol/l) 3.02 ± 2.02 3.21 ± 1.78 2.96 ± 1.84 0.456 3.11 ± 2.01 3.19 ± 1.75 2.91 ± 1.80 0.443

Data are geometric means (SD) or means ±SD unless otherwise indicated
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Effects of FTO and MC4R on type 2 diabetes

(Table 2 and Table 3)

All the frequencies were presented in Table 3. We found

no association between FTO and the Chinese population

with T2DM (P [ 0.05). The A allele and AA genotype

frequencies were all no significant statistic differences in

T2DM patients and controls (P [ 0.05). Through the

Pearson v2 test, no significant statistic differences were

found of the three genotypes (P [ 0.05) or the two alleles

(P [ 0.05) between the T2DM group and control group.

At the same time, no significant association between

MC4R and the Chinese population with T2DM was

observed (P [ 0.05). The C allele and CC genotype fre-

quencies were also no significant statistic differences in

T2DM patients and controls (P [ 0.05). Through Pearson

v2 test, no significant statistic differences were found of the

three genotypes (P [ 0.05) or the two alleles (P [ 0.05)

between the T2DM group and control group.

Some factors may have something to do with insulin

resistance (TC, TG, LDL-C). We measured some shown in

Table 2. There was no significant difference between these

clinical and biochemical characteristics and these geno-

types compared by one-way ANOVA (Fisher test).

Discussion

Obesity is reaching epidemic proportions and has become a

serious health problem as it contributes to the increasing

burden of T2DM, heart disease, hypertension, and dysli-

pidemia [10]. Although numerous gene variants have been

associated with obesity or obesity-related phenotypes, very

few have been consistently replicated [11, 12]. Recently,

several large-scale replication studies have provided the

FTO and MC4R that they are major successes in the field of

obesity genetics [7, 13]. Their role as genes predisposing

to higher BMI, obesity [2–5, 7, 12–14], fat mass [1, 4, 7,

14, 15], T2DM risk [1, 7, 16–20] has then been confirmed

mainly in many populations [21].

In this study, we demonstrated that the association

between FTO and obesity is also present in the Chinese

Han population. Our analysis demonstrated significant

association of FTO and MC4R with BMI in Chinese pop-

ulation (P \ 0.05). The combined effects of FTO and

MC4R were significant in Chinese population. Their

combined effects play an important role in fat mass,

deposition, and obesity prevalence. BMI of participants

carrying three or four risk alleles were heavier than car-

rying neither FTO nor MC4R risk allele (P = 0.008),

carrying one risk allele (P = 0.025) and carrying two risk

alleles (P = 0.041). The mechanism maybe their protein is

a key link between central nervous system and energy

balance. The FTO gene function is still unknown but based

on the predicted structure, the FTO gene encodes a non-

heme (FeII)-dioxygenase with a potential role in adaptation

to hypoxia, lipolysis, or DNA methylation [22, 23]. The

FTO protein is expressed in almost all tissues; at the cel-

lular level, it has a nuclear localization [22]. The molecular

mechanisms involved in the pathogenesis of obesity as well

as the role of FTO in other complex disorders are unknown.

Interestingly, we found that the FTO rs9939609 A allele

was more associated with obesity and BMI in women

(P = 0.008 and 0.005, respectively) than in men (P =

0.012 and 0.009, respectively). In a previous study [24], the

FTO variant rs9939609 showed association with obesity

and BMI among girls (P = 0.006 and 0.004, respectively)

but not among boys. Gender differences were also found in

the associations of the FTO rs9939609 with obesity-related

traits such as insulin sensitivity and plasma glucose. This

suggests that FTO may have an important role for gender

specific development of severe obesity and insulin resis-

tance in children and adults. However, contrary to what

was reported [8], the effects on obesity and BMI of MC4R

rs17782313 C allele were similar in males (P = 0.013 and

0.011) and females (P = 0.015 and 0.012).

Type 2 diabetes is characterized by the presence of

insulin resistance and pancreatic b-cell dysfunction,

resulting from the interaction of genetic and environmental

factors. In this study, the proportion of obese individuals

was similar in both diabetic and nondiabetic individuals

(37.8 and 33.5%, respectively), and this may explain that

Chinese are at risk for type 2 disbetes at lower level of

obesity, partly due to their increased predisposition to

visceral adiposity and reduced pancreatic b-cell function

[25].
Fig. 1 BMI according to risk allele at rs9930609 and rs17782313.

Data were expressed as means ± SE (error bars)
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The study did not observe that the increase in obesity

associated with the specific FTO and MC4R alleles were

also associated with type 2 diabetes in Chinese Han pop-

ulation. This is intriguing as obesity is usually shown as

being a risk factor for type 2 diabetes. This is in contrast to

the type 2 diabetic case subjects in the Welcome Trust

Case Consortium and UK Type 2 Diabetes Genetic Con-

sortium [26–28]. In accord with our study, Japanese pop-

ulation also yielded insignificant association of rs9939609

with type 2 diabetes [29]. The most probable reason was

small size of the study for a genotyping study. A sample

size of at least threefold of this study would be needed to

detect the effect. Maybe these alleles not only cause

obesity but also have a protective role on the development

of type 2 diabetes. Maybe it is a double hit phenomenon.

Maybe this is only observed in populations where these

alleles are present in addition to inactivity (The Han pop-

ulation may be more active than other populations studied

for instance). Therefore, our study is underpowered to

detect such association. Potentially, these population dif-

ferences suggest an evolutionary divergence that might

reflect a history of negative selection against the FTO risk

alleles in the Chinese population. A phylogenetic recon-

struction of the evolutionary relationships between haplo-

types within the FTO gene could provide more insight into

this hypothesis. However, it remains possible that other

common variants in the FTO gene, particularly those with

higher MAF, may contribute to the increased risk for

obesity or type 2 diabetes in the Chinese population if FTO

is a real obesity or type 2 diabetes susceptibility genes.

Moreover, different genetic architecture between Chinese

and other ethnic population is also a possible reason that

these SNPs act differently in the Chinese population.

This study has some limitations: the single time point

design of this study is a limitation of our research. Another

limitation to this study was small size of the study for a

genotyping study. Hence, our findings cannot be general-

ized to the greater Chinese community. Furthermore, it

remains possible that the association observed was

attributable to other genetic variant(s) in strong linkage

disequilibrium with the FTO polymorphism.

In conclusion, we found that FTO and MC4R are major

risk factors for obesity in the Chinese Han population, and

their combined effects play an important role in fat mass

deposition, obesity prevalence, and incidence. We did not

observe a significant association of FTO genetic poly-

morphism with type 2 diabetic patients in the Chinese

population, probably due to inadequate power. Given the

lower risk allele frequency and the leaner body build of

type 2 diabetic patients in the Chinese population, the

genetic contribution of FTO gene to type 2 diabetes in the

Chinese population may be less than that in European

populations. However, even a gene were considered asso-

ciated with obesity in some population, to enlarge the

conclusion to all human population is arbitrary. And more,

in the progress of obesity or diabetes, not only genetic

factors, but there were also other factors such as environ-

ments or geographic reasons could interfere. All these

factors had different impacts in each step of obesity or

diabetes and they could impact each other. So whether a

single gene could associate to obesity or diabetes or in

which way is a complicated question. To solve this prob-

lem, we need long time work to get enough samples. FTO

is a new gene reported in 2007 [6], by now, we have not

give a perfect answer, for the researches among different

nations were so few. From a population perspective, only

the combined effect of the most potent genetic variants

should be then considered. We need more assessing

studies.
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2. N. Klöting, D. Schleinitz, K. Ruschke et al., Inverse relationship

between obesity and FTO gene expression in visceral adipose

tissue in humans. Diabetologia 51, 641–647 (2008)

3. T.M. Frayling, N.J. Timpson, M.N. Weedon et al., A common

variant in the FTO gene is associated with body mass index and

predisposes to childhood and adult obesity. Science 316, 889–894

(2007)

4. J.A. Hubacek, J. Pitha, V. Adamkova, V.L.R. Poledne, A com-

mon variant in the FTO gene is associated with body mass index

in males and postmenopausal females but not in premenopausal

females. Clin Chem Lab Med 47, 387–390 (2009)

5. R.J. Loos, C.M. Lindgren, S. Li et al., Common variants near

MC4R are associated with fat mass, weight and risk of obesity.

Nat. Genet. 40, 768–775 (2008)

6. Z. Bei-Fan, Predictive values of body mass index and waist cir-

cumference for risk factors of certain related diseases in Chinese

adults: study on optimal cut-off points of body mass index and

waist circumference in Chinese adults. Asia. Pac. J. Clin. Nutr.

11, S685–S693 (2002)

7. R.J.F. Loosl, C. Bouchard, FTO: the first gene contributing to

common forms of human obesity. Obes. Rev. 9, 246–250 (2008)

8. S. Cauchi, F. Stutzmann, C. Cavalcanti-Proença et al., Combined

effects of MC4R and FTO common genetic variants on obesity in

European general populations. J. Mol. Med. 87, 537–546 (2009)

9. Y.-C. Chang, P.-H. Liu, W.-J. Lee et al., 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 (2008)

10. H. Li, Y. Wu, R.J.F. Loos et al., Variants in the fat mass-and

obesity-associated (FTO) gene are not associated with obesity in

a Chinese Han population. Diabetes 57(1), 264–268 (2007)

11. M.M. Villalobos-Comparán, M.T. Flores-Dorantes, T. Villarreal-

Molina et al., The FTO gene is associated with adulthood obesity

in the Mexican population. Obesity 16, 2296–2301 (2008)

12. R. Do, S.D. Bailey, K. Desbiens et al., Genetic variants of FTO

influence adiposity, insulin sensitivity, leptin levels,and resting

metabolic rate in the quebec family study. Diabetes 57(4),

1147–1150 (2008)

13. T. Jess, E. Zimmermann, S.I.I. Kring et al., Impact on weight

dynamics and general growth of the common FTO rs9939609: a

longitudinal Danish cohort study. Int. J. Obes. 32, 1388–1394

(2008)

14. R. Attaoua, S.A.E. Mkadem, S. Radian et al., FTO gene associ-

ates to metabolic syndrome in women with polycystic ovary

syndrome. Biochem. Biophys. Res. Commun. 373, 230–234

(2008)

15. A.F. Marvelle, L.A. Lange, L. Qin, L.S. Adair, K.L. Mohlke,

Association of FTO With obesity-related traits in the Cebu lon-

gitudinal health and nutrition survey (CLHNS) cohort. Diabetes

57(7), 1987–1991 (2008)

16. A. Peeters, S. Beckers, A. Verrijken et al., Variants in the FTO

gene are associated with common obesity in the Belgian popu-

lation. Mol. Gen. Metabol. 93, 481–484 (2008)

17. S.W. Cha, S.M. Choi, K.S. Kim et al., Replication of genetic

effects of FTO polymorphisms on BMI in a Korean population.

Obesity 16, 2187–2189 (2008)

18. K. Hotta, Y. Nakata, T. Matsuo et al., Variations in the FTO gene

are associated with severe obesity in the Japanese. J. Hum. Genet.

53, 546–553 (2008)

19. J.K. Hertel, S. Johansson, H. Ræder et al., Genetic analysis of

recently identified type 2 diabetes loci in 1, 638 unselected

patients with type 2 diabetes and 1, 858 control participants from

a Norwegian population-based cohort (the HUNT study). Dia-

betologia 51, 971–977 (2008)

20. J. Ohashi, I. Naka, R. Kimura et al., FTO polymorphisms in

oceanic populations. J. Hum. Genet. 52, 1031–1035 (2007)

21. S.F.A. Grant, J.P. Bradfieldl, H. Zhang et al., Investigation of the

locus near MC4R with childhood obesity in Americans of

European and African Ancestry. Obesity (Silver Spring) 17(7),

1461–1465 (2009)

22. T. Gerken, C.A. Girard, Y.C. Tung et al., The obesity-associated

FTO gene encodes a 2-oxoglutarate-dependent nucleic acid

demethylase. Science 318, 1469–1472 (2007)

23. L. Sanchez-Pulido, M.A. Andrade-Navarro, The FTO (fat mass and

obesity associated) gene codes for a novel member of the non-heme

dioxygenase superfamily. BMC. Biochem. 8, 8–23 (2007)

24. J.A. Jacobsson, P. Danielsson, V. Svensson et al., Major gender

difference in association of FTO gene variant among severely

obese children with obesity and obesity related phenotypes.

Biochem. Biophys. Res. Commun. 368, 476–482 (2008)

25. M.C.Y. Ng, K.S. Park, B. Oh et al., Implication of genetic vari-

ants near TCF7L2,SLC30A8, HHEX, CDKAL1, CDKN2A/B,

IDF2BP2 and FTO in type 2 diabetes and obesity in 6,719 Asians.

Diabetes 57(8), 2226–2233 (2008)

26. E. Zeggini, M.N. Weedon, C.M. Lindgren et al., Knight trust case

control consortium (WTCCC), McCarthy MI, Hattersley AT:

replication of genome-wide association signals in UK samples

reveals risk loci for type 2 diabetes. Science 316, 1336–1341

(2007)

27. L.J. Scott, K.L. Mohlke, L.L. Bonnycastle et al., A genome-wide

association of type 2 diabetes in Finns detects multipe suscepti-

bility variants. Science 316, 1341–1345 (2007)

28. Diabetes Genetics Initiative of Broad Institute of Harvard and

MIT, B.F. Lund Voight, V. Lyssenko et al., Genome-wide

association analysis identifies loci for type 2 diabetes and tei-

glyceride levels. Science 316, 1331–1336 (2007)

29. S. Omori, Y. Tanaka, A. Takahashi et al., Association of

CDKAL1, IGF2BP2, CDKN2A/B, HHEX, SLC30A8 and

KCNJ11 with susceptibility to type 2 diabetes in a Japanese

population. Diabetes 57, 791–795 (2008)

74 Endocr (2011) 39:69–74

123


	Combined effects of FTO rs9939609 and MC4R rs17782313 on obesity and BMI in Chinese Han populations
	Abstract
	Introduction
	Research design and methods
	Clinical measurements
	Genotyping
	Statistical analysis

	Results
	Effects of FTO and MC4R on obesity and BMI
	Effects of the FTO rs9939609 on obesity and BMI (Table 1 and Table 2)
	Effects of the MC4R rs17782313 on obesity and BMI (Table 1 and Table 2)
	The combined effects of FTO rs9939609 and MC4R rs17782313 on obesity and BMI (Fig. 1)
	Effects of FTO and MC4R on type 2 diabetes (Table 2 and Table 3)

	Discussion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


