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ABSTRACT. The aim of this study was to assess the association between 
three FTO polymorphisms (rs9939609, rs8057044, and rs1421085) and 
metabolic syndrome (MS)-related outcomes in the low-income, rural, 
nomadic minority Khazakh population in far western China. A total of 489 
subjects (245 MS patients, 244 controls) were included in the study and 
DNA samples were genotyped for the three polymorphisms by matrix-
assisted laser desorption/ionization time of flight mass spectrometry. The 
frequencies of the rs1421085 and rs9939609 genotypes and alleles did not 
differ significantly between MS patients and control, while the frequencies 
of rs8057044 G alleles and GG genotypes were higher in MS patients (P < 
0.05) than in control subjects (G: 61.16 vs 53.53%, GG: 39.07 vs 29.05%) 
and the frequencies of rs8057044 A genotypes and alleles were lower (P 
< 0.05) in MS patients compared with controls (AA: 17.36 vs 21.99%, A: 
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38.84 vs 46.47%). Risk analysis of the rs8057044 polymorphism revealed 
individuals with GA and GG genotypes to have 1.112 and 1.731 times higher 
risks of developing MS than those with the AA genotype, respectively, while 
the G allele was found to be associated with a 1.367 times higher risk of 
developing MS compared with the A allele. These apparent correlations, 
however, did not hold true when adjusted for BMI. Weight, WC, HC, and 
BMI differed significantly between rs8057044 GG and AA+GA genotypes 
(P < 0.05). 
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INTRODUCTION 

Metabolic syndrome (MS) is characterized by a group of metabolic disturbances, which 
lead to an enhanced risk of cardiovascular diseases and type 2 diabetes mellitus. Clinical 
characteristics include central obesity, hypertriglyceridemia, hypertension, depressed plasma high-
density lipoprotein (HDL) cholesterol, and elevated glucose (Expert Panel on Detection, Evaluation, 
and Treatment of High Blood Cholesterol in Adults, 2001; Eckel et al., 2005; Esposito et al., 2013). 
Metabolic syndrome and its concomitant complications pose a serious health problem worldwide 
and will gain even more importance in the future (Maury and Brichard, 2010). The prevalence of MS 
has increased not only in China, but also worldwide. In the USA, the prevalence of MS is estimated 
to be >25% (McCullough, 2011). In Europe, various studies suggest significant geographic variation 
in MS prevalence and the MS prevalence in the non-diabetic population is expected to reach 
23.4% in women and 25.9% in men (Qiao, 2006). In rural Australia, the prevalence of MS is very 
high (Janus et al., 2007). We previously showed that the MS prevalence in the Kazakh population 
in Xinjiang was 26.7% (Guo et al., 2011), higher than that (16.5%) reported for adults in eight cities 
and provinces in China (Gu et al., 2005), indicating the unusually high prevalence of MS in the 
Kazakhs of Xinjiang. Epidemiological studies have reported that environmental factors such as 
lack of physical activity and high-fat food intake contribute to the development of MS. Nevertheless, 
genetic factors also play important roles in the pathogenesis of MS (Zhao et al., 2014).

In 2007 Frayling et al. (2007) reported a significant association between rs9939609 
polymorphism in the fat mass and obesity associated (FTO) gene and increased risk of type 2 
diabetes. The FTO gene was thus the first obesity-related locus identified. Obesity correlates 
strongly with MS and may therefore share a similar genetic background with MS. Indeed, the 
association between variants of the FTO gene and MS risk in adult populations have been 
researched extensively; however, the findings have been inconsistent (Wang et al., 2012; Zhou 
et al., 2012). China is a multi-ethnic country and in the Xinjiang Uygur Autonomous Region 
there are 55 ethnic groups, the Kazakh population10% of the total population and ranked third 
according to the 2010 China sixth census. Because of the limited resources for public health, poor 
transportation, and differences in religions, cultures, lifestyles, diets, and genetic background in 
these ethnic groups, there have not been serious attempts to meet local public health needs. The 
prevention of MS has therefore become a public health issue that must be addressed in Xinjiang. 

To our knowledge, few studies have been carried out to assess the relationship between 
the FTO gene and MS in China, and in particular the association between FTO gene factors and MS 
in Kazakh adults has not been investigated. The aim of this study, which was focused on Kazakh 
adults, was to investigate the association of the three FTO gene single nucleotide polymorphisms 
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(SNPs) rs1421085, rs8057044, and rs9939609 with MS and the allele frequencies of certain SNPs 
in ethnic groups residing in far western China. The three abovementioned SNPs were selected 
based on associated studies and their potential impact on MS in Kazakh minorities.

MATERIAL AND METHODS

The Institutional Ethics Review Board at the First Affiliated Hospital of Shihezi University 
School of Medicine approved this study (IERB No.SHZ2010LL01). Standard university hospital 
guidelines including informed consent, confidentiality, voluntary participation, and anonymity were 
followed. All participants gave written informed consent before the study began.

Study population

This study was conducted from 2010 November to 2011 December, during which time 
5692 Kazakh residents of Xinyuan County (Xinjiang Yili region) ≥18 years old were selected for the 
study using the stratifying cluster sampling method. Xinyuan County is ~3,692 km (2,294 miles) 
away from Beijing, and ~98% of the county’s population consists of minority Muslim Kazakhs. 
All study subjects had resided in Xinyuan County for >15 years. Various biochemical parameters 
were assessed in all blood samples and subjects were considered to have MS based on the 2005 
International Diabetes Federation definition of MS (Alberti et al., 2005). Two hundred and forty five 
patients with MS were randomly assigned to the case group and a total of 244 non-MS (control) 
subjects were randomly assigned to the control group using the group-matching sex and age 
method. Subjects with hypertension, diabetes, or obesity were excluded from the study.

Basic data collection and MS diagnosis

All study subjects completed a questionnaire survey on demographic information including 
details of disease, family, smoking and drinking habits, diet, and physical exercise. The subjects’ 
sitting blood pressure, height, weight, waist circumference (WC), and hip circumference (HC) were 
also measured and recorded. Laboratory analyses of blood samples included tests for fasting 
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), serum total cholesterol (TC), high 
density lipoprotein cholesterol (HDL-C), and fasting plasma glucose (FPG), all of which were 
conducted using an automatic biochemical analyzer (Olympus AU400). 

DNA extraction

Fasting venous blood (200 µL) was taken from each study subject and a blood genomic 
DNA isolation kit (spin column, BioTeke, Beijing) was used to extract the whole blood genomic DNA. 
Extracted DNA was verified by gel electrophoresis (0.7% agarose). A NanoDrop spectrophotometer 
was used for quantitative determination of DNA concentration and purity: concentrations of ≥30 ng/
µL and purity levels (OD260/OD280) of 1.7-2.0 were considered acceptable. Samples that met these 
criteria were diluted to 10-30 ng/µL using double-distilled water and were stored at -80°C.

PCR amplification

Primers were designed using the Mysequenom tool (www.mysequenom.com/Home) and (Link ok)
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Assay Designer 3.0 software. Final PCR reaction volumes were 5 µL, which included 0.7 µL DNA, 
0.1 µL dNTPs, 1.35 µL water, 0.5 μL 10X PCR buffer, 0.4 µL MgCl2, 0.15 µL Taq enzymes, 1.8 
μL mixture of PCR amplification primers. Cycling conditions were as follows: predenaturation at 
94°C for 4 min; followed by 45 cycles of denaturation at 94°C for 20 s, annealing at 56°C for 30 
s, and extension at 72°C for one minute. A final extension step was carried out at 72°C for 3 min, 
after which samples were maintained at 4°C. Reactions were set up in an ice bath and each PCR 
experiment included a negative control reaction lacking DNA template.

PCR product purification

Shrimp alkaline phosphatase (SAP) was used to remove excess dNTPs from samples 
after PCR. This step served to ensure the accuracy of single-base extension. The final SAP reaction 
volumes were 2.0 µL, which included 0.17 µL 10X SAP buffer, 1.53 µL double-distilled water, and 
0.3 µL SAP enzyme. Reactions were carried out by incubation at 37°C for 40 min, followed by 
incubation at 85°C for 5 min. The reaction products were stored at 4°C.

Single-base extension

For single-base extension reactions, final reaction volumes were 2.0 µL, which included 
0.619 µL water, 0.2 µL 5X iPlex buffer, 0.94 µL primer mix, 0.2 µL iPlex terminator, and 0.041 µL iPlex 
enzyme. Reaction conditions were as follows: denaturation at 94°C for 30 s; followed by 40 cycles of 
94°C for 5 s, 52°C for 5 s, and 80°C for 1 min; then five cycles of incubation at 52°C for 5 s and 80°C 
for 1 min; and finally an incubation at 72°C for 3 min. Reaction products were stored at 4°C.

Matrix-assisted laser desorption-ionization time-of-flight mass spectrometry 
(MALDI-TOF-MS) analysis

Single-base extension reaction products were purified using resin. A MassARRAY 
Nanodispenser (Sequenom, San Diego, CA, USA) was used to transfer the purification product 
onto a SpectroCHIP (Sequenom) chip. MALDI-TOF-MS was used for analysis. TYPER 4.0 software 
(Sequenom) was used to for sample analysis and classification.

Statistical analysis 

Epidata 3.02 software was used to manage the study data and the double entry method 
was used for data entry and logical error detection. Hardy-Weinberg balance was calculated 
to confirm the group representation of samples and SPSS statistical software version 17.0 for 
Windows was used for all data analysis. Descriptive statistics were calculated to characterize the 
participants and study variables. The gene counting method was used to calculate the genotype 
and allele frequencies, chi-square testing was used for comparisons between groups, and t-testing 
was used to assess clinical variables between groups. Logistic regression analysis was used to 
assess risk factors, for which odds ratios (ORs) and 95%CI were calculated.

RESULTS 

Assessment of general data and clinical biochemical indices

A total of 245 (male: 85; female: 160) metabolic syndrome (MS) cases and 244 (male: 83; 
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female: 161) normal control (NC) subjects were included in the present study. The mean ages in 
the MS and NC groups were 42.51 ± 9.61 and 41.49 ± 8.80 years, respectively. The general clinical 
data for the subjects in each group are shown in Table 1. There was no significant difference in the 
gender and ages of each group (P > 0.05). In the MS group, the mean height, weight, BMI, WC, 
HC, WHR, SBP, DBP, FPG, TG, TC, and LDL-C were higher than in the control groups while mean 
HDL-C was lower in the MS group than in the control group (P < 0.05 in each case). 

Table 1. Comparison of clinical and biochemical indicators across to metabolic syndrome and normal control groups.

Clinical and biochemical indices Metabolic syndrome Normal control χ2/t P value

 (MS) (NC)  

N (Male/Female) 245 (85/160) 244 (83/161)    0.025  0.875 
Age (year)   42.51 ± 9.61   41.49 ± 8.80   -1.231  0.219 
Height (cm) 163.58 ± 8.11 161.82 ± 7.69   -2.461   0.014* 
Weight (kg)     74.30 ± 13.47   57.54 ± 8.85 -16.260   <0.0001*
BMI (kg/m2)   27.70 ± 4.19   21.91 ± 2.58 -18.380   <0.0001*
WC (cm)   93.87 ± 9.35   76.07 ± 7.07 -23.736   <0.0001*
HC (cm) 102.32 ± 6.70   91.50 ± 5.89 -18.965   <0.0001*
WHR     0.92 ± 0.07     0.83 ± 0.05 -15.707   <0.0001*
SBP (mmHg)   140.03 ± 22.25   123.40 ± 19.30   -8.827   <0.0001*
DBP (mmHg)     90.77 ± 13.63     79.37 ± 11.41 -10.029   <0.0001*
FPG (mM)     5.23 ± 1.90     4.54 ± 0.81   -5.223   <0.0001*
TG (mM)     1.76 ± 1.57     0.86 ± 0.36   -8.659   <0.0001* 
TC (mM)     4.69 ± 1.10     4.30 ± 0.95   -4.118   <0.0001* 
HDL-C (mM)     1.27 ± 0.40     1.57 ± 0.41    8.114   <0.0001*
LDL-C (mM)     2.61 ± 0.90     2.16 ± 0.61   -6.497   <0.0001*

BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HDL-C, 
high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; MS group vs Normal control group, *P 
< 0.05; Data represent mean ±SD.

Hardy-Weinberg equilibrium testing of gene frequencies  

In the MS and NC groups, genotype frequencies of the rs8057044, rs9939609, and 
rs1421085 loci were found to adhere to the Hardy-Weinberg equilibrium (all P > 0.05), indicating 
that three loci of the FTO gene reached genetic equilibrium and thus that the samples were indeed 
representative of the Kazakh population.

Comparison of genotype and allele frequencies of the rs8057044, rs9939609, and 
rs1421085 polymorphisms across the two groups

Analyses revealed that the distribution frequencies of the genotypes and alleles of the 
rs9939609 and rs1421085 FTO gene polymorphisms did not differ significantly between the MS 
and NC groups (all P > 0.05). The rs8057044 polymorphism, on the other hand, differed significantly 
between the two groups in terms of distribution frequencies of genotypes and alleles (genotypes: 
χ2 = 6.227, P = 0.044; allele frequencies: χ2 = 5.748, P = 0.017): frequencies of the rs8057044 GG 
genotypes and G alleles were significantly higher in MS patients than in control subject (Table 2).

Risk analysis of rs8057044 polymorphisms of the FTO gene and MS in Kazakhs

A univariate logistic regression analysis was carried out for the rs8057044 polymorphism 
of the FTO gene in Kazakhs. A risk assessment was carried out with the AA genotype and the A 
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allele as controls, and 95% CIs and odds ratios (ORs) were calculated (Table 3). The risk analysis 
revealed that MS risk in individuals with rs8057044 GA and GG genotypes was 1.112- and 1.731-
fold (95% confidence interval (CI) = 1.041-2.878; P = 0.035) greater than in individuals with the 
AA genotype, and that MS risk in individuals with the G allele was 1.367-fold (95% confidence 
interval (CI) = 1.058-1.766, P = 0.017) greater than in individuals with the A allele. These apparent 
differences, however, were not significant when adjustments for BMI were made.

Table 2. Comparison of different genotype/allele frequencies of the FTO rs9939609, rs1421085, and rs8057044 
polymorphisms across the two study groups [n (%)].

  Metabolic syndrome (MS) Normal control (NC) χ2 P

rs9939609 genotypes/allele frequencies TT 138 140 0.306 0.858
  (57.0) (58.1)  
 TA/AA 92/12 87/14  
  (38.0/5.0) (36.1/5.8)  
 T 368 367 0.002 0.969
  (76.0) (76.1)  
 A 116 115  
  (24.0) (23.9)  
rs1421085 genotypes/allele frequencies TT 138 141 0.399 0.819
  (58.0) (58.5)  
 TC/CC 88/12 85/15  
  (37.0/5.0) (35.3/6.2)  
 T 364 367 0.014 0.905
  (76.5) (76.1)  
 C 112 115  
  (23.5) (23.9)  
rs8057044 genotypes/allele frequencies GG   96   70 6.227 0.044
  (39.7) (29.0)  
 GA/AA 104/42 118/53  
  (43.0/17.3) (49.0/22.0)  
 G 296 258 5.748 0.017
  (61.2) (53.5)  
 A 188 224  
  (38.8) (46.5) 

Table 3. Risk analysis of the FTO gene polymorphism rs8057044 and metabolic syndrome in a Kazakh population.

Locus Genotypes/allele frequencies MS NC χ2 P OR 95%CI

rs8057044 AA   42   53   1.000 
 GA 104 118 0.186 0.666 1.112 0.686-1.803
 GG   96   70 4.465 0.035 1.731 1.041-2.878
 A 188 224   1.000 
 G 296 258 5.748 0.017 1.367 1.058-1.766

Analyses of FTO gene polymorphisms and clinical biochemical indices in Kazakhs

Clinical biochemical indices were compared across the different genotypes for the 
rs8057044, rs9939609, and rs1421085 loci of the FTO gene in Kazakhs. No significant differences 
were observed in the biochemical indices between the different genotypes of the rs9939609 
and rs1421085 polymorphisms (P > 0.05; data not shown), while in the case of the rs8057044 
polymorphism, significant differences (P < 0.05) were observed in weight, WC, HC, and BMI 
between the GG and AA+GA genotypes (Table 4).
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Table 4. Association of the rs8057044 SNP with metabolic syndrome indices.

Clinical and biochemical indexes                                             Genotypes  t P

 GG AA/GA  

Height (cm) 162.88 ± 7.93 162.59 ± 7.97  0.384  0.701
Weight (kg)     67.82 ± 15.19     64.85 ± 13.53  2.194   0.029* 
WC (cm)     86.82 ± 12.44     84.00 ± 11.97  2.428   0.016*
HC (cm)   98.11 ± 8.02   96.29 ± 8.44  2.290   0.022*
BMI (kg/m2)   25.43 ± 4.73   24.46 ± 4.41  2.242   0.025*
FPG (mM)     4.63 ± 1.72     4.66 ± 1.26 -0.274  0.785
TG (mM)     1.31 ± 1.09     1.30 ± 1.28  0.135  0.893
TC (mM)     4.57 ± 1.14     4.46 ± 1.00  1.049  0.295
LDL-C (mM)     2.45 ± 0.97     2.35 ± 0.70  1.246  0.213
HDL-C (mM)     1.43 ± 0.47     1.42 ± 0.41  0.176  0.860
SBP (mmHg)   132.27 ± 21.02   131.50 ± 23.22  0.361  0.718
DBP (mmHg)     85.57 ± 12.96     84.80 ± 14.23  0.587  0.557 

DISCUSSION 

In 2007, independent genome-wide association studies led to the identification of the 
fat mass and obesity-associated (FTO) gene (chromosome 16q12.2) as an obesity susceptibility 
gene (Frayling et al., 2007). A cluster of variants in the first intron of the FTO gene showed a 
strong association with obesity-related traits (Dina et al., 2007; Scuteri et al., 2007). Obesity is 
one of the major factors in MS development (Zhou et al., 2012), and although obesity and MS do 
not completely overlap, obesity is considered the core of MS. The FTO gene has therefore been 
selected as a candidate gene associated with MS (Sjögren et al., 2008). We previously reported 
the MS prevalence in the Kazakh population in Xinjiang to be 26.7% (Guo et al., 2011), which 
is higher than the prevalence (16.5%) reported for eight cities and provinces in China. The aim 
of this study was therefore to investigate the association of between the FTO SNPs rs1421085, 
rs8057044, and rs9939609 and MS in Kazakh adults in northwest China. 

The FTO rs9939609 genotype frequency distributions in the study subjects were found to 
be 57.6 TT, 37.1 TA, and 5.3% AA, while the allele distributions were 76.1 T and 23.9% A. The FTO 
rs1421085 genotype frequency distributions were 58.2 TT, 36.1 TC, and 5.7% CC, while the allele 
frequency distributions were 76.3 T and 23.7% C. These frequency distributions are comparable to 
those previously reported for Chinese populations (Xu et al., 2012; Chen et al., 2014). The overall 
MAFs (minor allele frequency) for FTO rs9939609 and rs1421085 gene mutation rates were found 
to be higher than the previously reported rates of 0.215 and 0.214 (Japanese population; Hotta 
et al., 2011), but lower than the reported rates of 0.42 and 0.42 (non-native American population; 
Wing et al., 2011). The FTO rs8057044 genotype frequency distributions in this study were 34.4 
GG, 46.0 GA, and 19.7% AA, and the allele frequency distributions were 57.3 G and 42.7% A. 
The overall MAF for the FTO rs8057044 gene mutation rate was lower than 0.49 (Wing et al., 
2011). The frequencies of the A/C allele as well as of the AT/TC and AA/CC genotypes were lower 
than those reported for the European population. These discrepancies may be due to the different 
genetic architectures in the different populations and/or due to substantial differences in MAFs 
between Kazakhs and other populations.

In our study, the frequencies of the rs9939609 TT and AA genotypes and T alleles; as well 
as the frequencies of the rs1421085 TT and CC genotypes and C alleles, were lower in MS patients 
than in control subjects; however, there was no association of these frequencies with metabolic 
syndrome. These findings are comparable to those previously reported for Chinese Han populations 
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(Wang et al., 2010; Xu et al., 2012), but differ from others recently reported: the FTO gene rs9939609 
and rs1421085 SNPs were found to be significantly associated with metabolic syndrome (Hotta et al., 
2011; Zhou et al., 2012). Al-Attar et al. (2008) also reported the rs9939609 A and T allele frequencies 
to differ significantly between MS and control groups in a non-Caucasian multiracial study population, 
and furthermore reported that the A allele may be an MS risk allele. Differences between the present 
study findings and some of the previously reported findings may stem from different areas and ethnic 
genetic factors affecting the distributions of FTO polymorphisms.

In this study, the frequencies of the rs8057044 GG genotypes and G alleles in MS 
patients were shown to be significantly higher than those in the control subjects. A significant 
association between rs8057044 and MS was initially demonstrated for the Kazakh population [per 
G allele odds ratio (OR) = 1.367, 95% confidence interval (CI) = 1.058 - 1.766, P = 0.017] and 
risk assessment deemed the G allele a risk factor for MS; however, these differences were no 
longer statistically significant after adjustments were made for BMI. These findings suggest that 
this apparent association is mediated via BMI (González-Sánchez et al., 2009; Xi et al., 2010; Zhao 
et al., 2014). Variations in the FTO gene have previously been attributed to overall lipid effects of 
obesity-related metabolic traits in Japan (Hotta et al., 2011), China, and Taiwan’s (Chang et al., 
2008) yellow race populations.

In this study, the relationship between the 3 loci polymorphisms of the FTO gene and 
clinical biochemical indicators of MS were investigated. The study results suggest that there is no 
significant difference among the two polymorphisms rs9939609 and rs1421085 in terms of clinical 
and biochemical indices, a finding that is in agreement with reports on Japanese and Chinese 
populations (Horikoshi et al., 2007; Li et al., 2008). In the case of the rs8057044 polymorphism, 
however, various indices (weight, WC, HC, and BMI) did differ significantly across the different 
genotypes: subjects with the AA/GA genotype were found to have lower weight, WC, HC, and BMI 
than those with the GG genotypes. These findings suggest that the AA/GA genotype is associated 
with lower body weight, WC, HC, and BMI and may therefore reduce the risk of obesity, playing a 
beneficial effect in the development of MS. 

CONCLUSIONS 

Based on the study results discussed above, FTO rs8057044 polymorphism may be 
associated with the occurrence of metabolic syndrome, and specifically the G allele may be 
considered a risk factor for MS, an association possibly mediated through BMI. Nevertheless, no 
significant associations of the FTO rs9939609 and rs1421085 polymorphisms with the occurrence 
of metabolic syndrome were observed. Local and global studies on FTO polymorphism and MS 
have yielded contradicting results, which may arise from ethnic and regional differences affecting 
the influence of rs8057044 polymorphism on metabolic parameters in patients with MS.

This is the first report of an association between the rs9939609, rs1421085, and rs8057044 
FTO gene polymorphisms with MS in Kazakh adults in China. The etiological mechanism of 
MS is complex and apart from the effects of the patients’ regions, racial differences, and other 
environmental factors, synergies or interfering actions of other known or unknown genes cannot 
be ruled out. In addition to China, Kazakh people are also widely distributed in several countries 
including the Soviet Republic of Kazakhstan, Uzbekistan, Turkmenistan, Kyrgyzstan, Tajikistan, 
the People’s Republic of Mongolia, and Afghanistan. This study therefore not only assessed the 
association between FTO polymorphisms and the incidence of MS in low-income, rural, and 
nomadic Kazakh minority people in China’s far west but also explored the possible pathogenesis 
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of MS from the perspective of genetics, which may provide a new way of thinking for the diagnosis, 
prevention, and treatment of MS at the genetic level in the Kazakh population. 
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