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Meta-analysis of GWAS in East Asian populations had es-
tablished 10 loci that were associated with type 2 diabe-
tes. Eight of them were with genome-wide significance
and two with a border line association. Since these data
have not been studied in an independent Han Chinese
population, we aimed to investigate the association of
these susceptibility loci with type 2 diabetes in an inde-
pendent Han Chinese population. We executed a case-
control study in 2000 Chinese by the SNPscan method.
Firstly, the repetitive sequences of 10 loci were assessed.
Next, we investigated the association of 8 SNPs out of 10
with type 2 diabetes and constructed the GRS of those
8 SNPs. Finally, the relationship of the 8 loci and diabe-
tes-related traits was analyzed. Based on the fact, that
highly repetitive sequences were detected in 2 SNPs,
we investigated the remaining 8 SNPs. With the excep-
tion of four SNPs (CMIP rs16955379, PEPD rs3786897,
PSMD6 rs831571, ZFAND3 rs9470794), the other SNPs
had the same direction of effect (odds ratio [OR]>1.0) as
in the original reports, especially GLIS3 rs7041847 and
KCNK16 rs1535500 were significantly associated with
type 2 diabetes (rs1535500: p=0.005, OR=1.224, 95%
Cl 1.062-1.409; rs7041847: p=0.035, OR=1.118, 95% ClI
1.070-1.388). The GRS constructed from the 8 SNPs was
significantly associated with type 2 diabetes in the Chi-
nese population (p=0.004, OR=1.065, 95% CI: 1.021-
1.111). Among the participants with 24<BMI<28 kg/m?
the 8 SNPs were significantly associated with type 2 dia-
betes (p=0.040, OR=1.079, 95% CI: 1.003-1.160). In quan-
titative trait analyses, WWOX rs17797882 was associated
with decreased HOMA-B and increased level of TG and
HDL-Ch, while PEPD rs3786897 and MAEA rs6815464
were associated with decreased fasting plasma glucose,
and KCNK16 rs1535500 has shown a significant asso-
ciation with increased T-Ch and PSMD6 rs831571 had a
significant association with decreased HDL-Ch. In Con-
clusion, with high probability the 8 loci identified in the
East Asian GWAS meta-analysis are associated with type
2 diabetes in the Han Chinese population.
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BACKGROUND

Type 2 diabetes (I2D) is more prevalent in Asians
than in Buropeans (Sakai ez 4/, 2013). The highest in-
cidences of T2D (about 80%) are seen in developing
countries. The greatest increase in prevalence is present
in low- and middle-income countries, including Asia,
where most cases will be found by 2030. The estimat-
ed prevalence of diabetes among a representative sam-
ple of Chinese adults was at 11.6% and prevalence of
pre-diabetes was at 50.1%. Projections based on sample
weighting suggest that this may represent up to 113.9
million Chinese adults with diabetes and 493.4 million
with pre-diabetes. The prevalence of diabetes has in-
creased significantly in recent decades and is now reach-
ing epidemic proportions in China (Xu es a/, 2013).
These findings indicate the importance of diabetes as a
public health problem in China. Type 2 diabetes melli-
tus (T2DM), which accounts for 80-90% of all diabetes
cases, is characterized by complex traits and is caused by
both genetic and environmental factors (O’Rahilly ez 4,
2005). The impact of powerful hereditary factors in the
development of T2DM gave us the inspiration to seek
susceptibility genes of T2DM.

Genome-wide association studies (GWAS) is an im-
portant method to find T2DM susceptibility genes, and
genetic risk score (GRS) is considered to be a useful
and tractable measure to evaluate the effect of multiple
candidate loci of interest (Peterson e al, 2011). GRS is
constructed by summing the number of risk alleles for
multiple loci and it had a much stronger effect on dis-
ease susceptibility than individual single nucleotide poly-
morphisms (SNPs).

In 2012, Cho reported a meta-analysis of GWAS in
East Asian population (Cho e al, 2012). 10 gene SNPs
(FITM2-R3HDMIL-HNF4Ars6017317, GCCI-PAX4
rs6467136, GLIS3rs7041847, PSMDO6rs831571, ZFAN-
D3rs9470794, PEPD 153786897, KCNKI161s1535500,
CMIPrs16955379, MAEArs6815464 and WWOX
rs17797882) were identified to be associated with
T2DM. A replication study was performed for a Japa-
nese population, where association of 9 susceptibility loci
with T2DM has been evaluated (MAEA rs6815464 has
been identified in the Japanese population) (Imamura ef
al., 2012). There is no difference between the results of
the Japanese study and the Cho's report. However, there
are different genetic backgrounds among the East Asian
populations (Bao ez afl, 2012). Many studies of associa-
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tion between the susceptibility SNP genes and T2DM
are inconsistent among different ethnic groups.

Thus, we investigated the association of 10 SNPs re-
ported by Cho with T2DM in the Chinese population.
In the study presented here, we carried out research for
1000 cases and 1000 controls by the SNP scan method.
Firstly, we assessed the repetitive sequences of the 10
loci and found that repetitive sequences of FITM2-R3H-
DML-HNF4A rs6017317 and GCCI-PAX4 rs6467136
were very high in our blood samples. There was no fur-
ther analysis of those two loci as the highly repetitive
sequences affect the genotyping results. Next, association
of the other 8 loci with T2DM was investigated in the
Han Chinese population and the GRS of 8 loci was con-
structed. Finally, we analyzed the relationship between
the 8 loci and T2DM related traits.

MATERIALS AND METHODS

Ethics Statements. All participants were informed
and consented to the protocol of this study before en-
rolling. The protocol was reviewed and proved by the
Ethics Committee of Harbin Medical University. DNA
samples were obtained from the peripheral blood of
each participant.

Participants and DNA Preparation. Han Chinese
participants, 2000, were recruited from the Second Af-
filiated Hospital of Harbin Medical University, including
1000 T2DM patients from the Department of Endocri-
nology and 1000 controls from the Medical Examination
Center. T2DM was diagnosed according to the World
Health Organization (WHO) criteria: fasting glucose
=>7.0mmol/L, ot OGTT 2hPG=11.1mmol/L (Alberti
et al, 1998). Control group inclusion criteria were: no
history of abnormal plasma glucose; no family history
of diabetes; fasting glucose <5.10mmol/L and HbAlc
<06.0%. The T2DM group and control group were strat-

ified into subgroups, including BMI <24, 24 <BMI<28
and BMI>28 (Matthews ez a/, 1985).

Exclusion criteria for cases were: patients with other
types of diabetes; individuals with over 6 months dura-
tion of T2DM or those were treated with insulin; pa-
tients with acute diabetic complications or taking any
drug to influence plasma glucose; individuals with heart
disease, liver dysfunction, malignancy, and other serious
systemic disease.

Blood samples were drawn for biochemical measure-
ments (fasting plasma glucose, fasting insulin, HbAlc,
total cholesterol, triacylglycerol, HDI.-cholesterol and
LDL-cholesterol). All  biochemical parameters were
measured enzymatically with an auto-analyzer (Roche
PPD Biochemistry Auto-analyzer, USA). Height, weight,
and blood pressure were measured accordingly. BMI was
calculated as weight (kg/height?Xm?); HOMA-IR and
HOMA-B, as measures of insulin resistance and B-cell
function respectively, HOMA-IR=Fasting Insulin (mU/
)XFasting glucose (mmol/1)/22.5 (Matthews ¢# al., 1985),
HOMA-B=Fasting Insulin (mU/I)X20/(Fasting glucose
— 3.5) mmol/l (Wallace ¢t al, 2004).

Single nucleotide polymorphism (SNP) Geno-
typing. Genomic DNA was extracted from peripheral
blood leukocytes. At first, the repetitive sequences of
10 SNPs were assessed. FITM2—R3HDML—-HNF4A
rs6017317 and GCCI-PAX4 156467136 were identified
highly repetitive sequence, so we investigated other 8
SNPs in the present study.

Eight selected SNPs were genotyped by a custom-by-
design 48-Plex SNPscan™ Kit (Cat#:G0104; Genesky
Biotechnologies Inc., Shanghai, China). This kit was
developed according to the patented SNP genotyping
technology by Genesky Biotechnologies Inc., which was
based on double ligation and multiplex fluorescence PCR
(Chen e al, 2011). In order to validate the genotyping
accuracy using SNPscan™ Kit, 5% of duplicate samples
were analyzed by single nucleotide extension using the

Table 1. Clinical and Biochemical Characteristics of the Study population.

Type 2 diabetes Control p

N=1000 N=1000
SEX(male/female) 612/388 587/413 0.232 b
Age (year)? 47+18 42+19 <0.0001
BMI (kg/m2)2 26.67+7.02 23.14+4.80 <0.0001
SBP (mmHg)? 130+£20 120£20 <0.0001
DBP (mmHg)a 80+10 80+14 <0.0001
T-CH (mmol/L) 4.94+1.56 4.78+1.28 0.0156
TG (mmol/L)2 1.72+1.57 1.17+0.94 <0.0001
HDL-CH (mmol/L)2 1.17+0.36 1.43+0.47 <0.0001
LDL-CH (mmol/L)z 2.86+1.25 2.90+1.06 0.7723
HbA1c (%) 9.15+3.7 5.2+0.7 <0.0001
FPG (mmol/L)> 9.505+5.08 4.97+0.31 <0.0001
HOMA-IR: 4.81+4.72 1.51£1.17 <0.0001
HOMA-Ba 38.76+47.51 104.84+78.74 <0.0001

aData are mean * S.D.; bChi-square test; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; T-CH, total cholesterol;
TG, triacylglycerol; HDL-CH, HDL-cholesterol; LDL-CH, LDL-cholesterol; HbA1c, Glycated hemoglobin; FPG, fasting plasma glucose; HOMA-IR, ho-
meostasis model assessment of insulin resistance; HOMA-B, HOMA of B cell function
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Table 2. Genotype distributions of 8 SNPs in the case and control groups.

SNP Gene Allele? Allele 11/12/22 p for HWE test
T2DM Control T2DM Control
rs1535500 KCNK16 G/T 284/488/224 317/468/190 0.6023 0.4644
st 69’5;379 cmiP T 556/393/47 569/363/42 0.0316 0.092'4 """"""
r$17797882 WWOX T/C 600/344/52 568/363/45 0.7681 oa7as
153786897 PEPD A/G 276/484/234 26174977915 0441 ouses
1681 5464 MAEA C/G 365/485/46 337/451/188 0.4607 0.0936 """"""
17041847 GLIS3 G/A 243/461/292 182/506/286 00930 o
r5831g}1 PSMD6 T 420/442/134 432/427/117 03022 0.467; """"""
159470794 ZFAND3 T 83/404/508 03/400/482 08321 04508

aThe reported risk allele is indicated in bold; HWE: Hardy-Weinberg equilibrium

Multiplex SNaPshot Kit (Applied Biosystems Inc., Fos-
ter City, CA, USA). The success rates of the assay were
>98% for each SNP, and the concordance rates in the
duplicate samples were =99%.

Statistical Analysis. The Hardy—Weinberg equilibrium
test was performed in the case and control group respec-
tively. The genotypes were scored using an additive model
(0, 1, and 2 for homozygous for the non-effect allele, het-
erozygous, and homozygous for the effect allele, respec-
tively). We calculated a GRS by counting the number of
risk alleles of the 8 SNPs in each individual. Association
of the GRS or each SNP with T2DM was evaluated by a
logistic regression analysis with or without adjustment for
age, sex, and BMI. Association of the GRS or each SNP
with quantitative traits, including FPG, HbAlc, HOMA-§,
HOMA-IR, TCH, TG, HDI.-ch and LLDI.-ch was evalu-
ated by a multiple linear regression analysis. The values
of these traits in the present Chinese population showed

Table 3. Association of 8 SNPs with T2DM

a skewed distribution; therefore, we used the log-trans-
formed values for the analyses.

Statistical analyses were performed using SPSS 17.0. A
p value <0.05 was considered significant.

RESULTS

Clinical characteristics of the participants are shown
in Table 1. The age, BMI, SBP, DBP, TCH, TG, FPG,
HbAlc, HOMA-IR in the T2DM cases were significant-
ly higher than those in the controls. The HDI-ch and
HOMA-8 in the T2DM cases were significantly lower
than those in the controls.

The genotype distributions for all 8 SNPs did not
deviate from HWE proportions (p>0.05), except
rs16955379 and 157041847 in the T2DM cases (p=0.0316
and p=0.0230, respectively, Table 2).

Gene SNP RA= RAFb Unadjusted Adjustedc
case/control P value  OR(95%Cl) P value  OR(95%Cl)

KCNK16 rs1535500 T 0.470/0.435 0.027 1.152 (1.016-1.306) 0.005 1.224 (1.062-1.409)
CMIP rs16955379 - 0.756/0.771 0.268 0.920 (0.795-1.066) 0.226 0.903 (0.765-1.065)
WWOX rs17797882 _ 0.245/0.230 0.592 1.042 (0.898-1.208) 0.541 1.054 (0.891-1.247)
PEPD rs3786897 A 0.521/0.522 0.875 0.990 (0.874-1.12) 0.653 0.968 (0.841-1.115)
MAEA rs6815464 - 0.610/0.577 0.032 1.149 (1.012-1.305) 0.104 1.127 (0.976-1.300)
GLIS3 rs7041847 A 0.475/0.447 0.070 1.123 (0.991-1.273) 0.035 1.118 (1.070-1.388)
PSMD6 rs831571 - 0.644/0.661 0.241 0.924 (0.811-1.054) 0.291 0.923 (0.797-1.070)
ZFAND3 rs9470794 - 0.286/0.302 0.332 0.934 (0.815-1.072) 0.215 0.906 (0.775-1.059)
o 0.006 1.061 (1.017-1.106) 0.004 1.065 (1.021-1.111)

The results of logistic regression analyses are shown. @The risk allele reported in the previous report. PRisk allele frequency. cAdjusted for age,
sex and log-transformed BMI. 9The genetic risk score (GRS) was calculated according to the number of risk alleles by counting the 8 East Asian

genome-wide association study derived SNPs.
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Table 4. Association of 8 SNPs with T2DM in the Chinese population stratified by BMI.

Unadjusted Adjusted®
SNP Gene Risk Allelez  Subjects
p value OR (95%Cl) p value  OR (95%Cl)

rs1535500 KCNK16 T BMI<24 0.001 1.474 (1.193-1.822) 0.001 1.481 (1.194-1.838)
77777 24B<MI<28 0.085 ” 1.208 (0.974-1.498) 0.078 1.218 (0.978-1.517)
77777 BMI=28 0.272 ” 0.825 (0.584-1.164) 0.242 0.814 (0.576-1.150)
7”;516955379 CMIP C BMI<24 0.971 ” 1.005 (0.780-1.294) 0.973 0.996 (0.770-1.287)
77777 24<BMI<28 0.652 ” 0.944 (0.734-1.214) 0.496 0.915 (0.708-1.182)
BMI=28 0.716 0.929 (0.624-1.383) 0.650 0.912 (0.611-1.360)
rs1 7797882 WWOX T BMI<24 0.657 ” 1.059 (0.822-1.366) 0.727 1.047 (0.809-1.355)
77777 24<BMI<28 0.241 ” 1.165 (0.903-1.502) 0.370 1.126 (0.869-1.460)
77777 BMI>28 0.503 ” 0.867 (0.507-1.316) 0.453 0.852 (0.560-1.295)
rs3786897 PEPD A BMI<24 0.889 0.985 (0.797-1.218) 0.789 0.971 (0.783-1.205)
77777 24<BMI<28 0.816 1.026 (0.828-1.271) 0.758 1.035 (0.832-1.288)
77777 BMI>28 0.779 1.050 (0.745-1.480) 0.776 1.051 (0.745-1.483)
7;756815464 MAEA C BMI<24 0.079 1.213 (0.978-1.505) 0.060 1.234 (0.991-1.536)
77777 24<BMI<28 0.592” 1.061 (0.853-1.320) 0.619 1.058 (0.847-1.322)
77777 BMI=28 0.712 1.068 (0.753-1.516) 0.693 1.073 (0.756-1.524)
7;57041847 GLIS3 A BMI<24 0.891 0.985 (0.797-1.218) 0.955 1.006 (0.811-1.249)
77777 24<BMI<28 0.041 1.251 (1.009-1.551) 0.080 1.216 (0.977-1.515)
77777 BMI=28 0.385 1.166 (0.825-1.647) 0.347 1.181 (0.835-1.670)
7;5831571 PSMD6 C BMI<24 0.025 ” 0.778 (0.625-0.969) 0.044 0.796 (0.637-0.994)
24<BMI<28 0.849 1.022 (0.816-1.279) 0.888 1.017 (0.808-1.279)
77777 BMI=28 0.573 1.108 (0.776-1.581) 0.563 1.111 (0.778-1.588)
m|:59470794 ZFAND3 C BMI<24 0.245 0.871 (0.689-1.100) 0.309 0.884 (0.697-1.121)
77777 24<BMI<28 0.196 0.854 (0.673-1.085) 0.238 0.864 (0.077-1.102)
77777 BMI=28 0.545 1.124 (0.771-1.638) 0.527 1.130 (0.774-1.649)
WgRS < BMI<24 0.302 1.036 (0.968-1.109) 0.237 1.043 (0.973-1.118)
77777 24<BMI<28 0.035 1.079 (1.005-1.159) 0.040 1.079 (1.003-1.160)
77777 BMI=28 0.127 1.105 (0.972-1.255) 0.137 1.107 (0.970-1.250)

Results of logistic regression analysis are shown. @Risk allele reported in the previous reports. PAdjusted for age and sex. <The GRS was calculated
according to the number of risk alleles of the 8 SNPs

The results of the association study for each SNP with
T2DM in the present Chinese
KCNKI16 151535500, GLIS3 157041847,
WWOX 1517797882 and MAEA 156815464 showed the

in Table 3.

population are shown

same direction of effect (odds ratio [OR]>1.0) as in the
original reports (Sanada e al, 2012). KCNK16 rs1535500
were associated with T2DM
(rs1535500: p=0.005, OR=1.224, 95% CI 1.062-1.409;

and GLIS3 157041847
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Table 5. Association of 8 SNPs with quantitative traits related to glucose metabolism in controls.

Gene SNP RA®  FPGP HbA1ct HOMA-IR® HOMA-Be

Effect(SE) p value  Effect(SE) p value  Effect(SE) p value Effect(SE) p value

KCNK16  rs1535500 T 0.023(0.015)  0.127 -0.004(0.021) 0.852 0.022(0.040) 0.584 8.521(10.137) 0.401

cMmIP rs16955379 C 0.002(0.018)  0.908 0.031(0.025)  0.220 0.005(0.047) 0913 0.631(11.961) 0.958

WWOX rs17797882 T -0.018(0.018) 0.309 0.022(0.025) 0.373 -0.005(0.047) 0.918 -29.231(11.877) 0.014

PEPD rs3786897 A -0.045(0.015) 0.002 -0.017(0.021) 0.412 0.011(0.040) 0.787 9.463(0.982) 0.343

MAEA rs6815464 C -0.030(0.015) 0.042 0.004(0.021)  0.841 -0.016(0.040) 0.697 2.849(10.160) 0.779

GLIS3 rs7041847 A 0.013(0.015) 0.368 -0.020(0.021) 0.359 -0.029(0.040) 0.462 -5.098(10.011)  0.611

PSMD6 rs831571 C 0.025(0.016) 0.117 0.022(0.022) 0.328 0.005(0.042)  0.907 -4.651(10.610)  0.661

ZFAND3  rs9470794 C 0.025(0.016) 0.115 -0.027(0.023) 0.246 0.036(0.043)  0.401 16.485(10.841)  0.129

GRS« 0.004(0.004) 0.368 0.005(0.006)  0.403 0.011(0.012)  0.347 4.774(3.008) 0.113

The results of linear regression analysis after adjusting for age, sex and log-transformed BMI are presented. aThe risk allele for type 2 diabetes re-
ported in the previous report. ®Values are log-transformed before the analysis. <The GRS was calculated according to the number of risk alleles of
the 8 SNPs. HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-f3, HOMA of B cell function; FPG, fasting plasma glucose; HbA1c,
Glycated hemoglobin

Table 6. Association of 8 SNPs with quantitative traits related to lipid in controls.

Gene SNP RA2 T-CHP TGP HDL-chb LDL-chb

Effect (SE) p value Effect (SE) p value Effect (SE) p value  Effect (SE) p value

KCNK16  rs1535500 T 0.114(0.047) 0.016 0.064(0.041)  0.117 0.006(0.015)  0.711 0.058(0.039) 0.142

CMmIP rs16955379 C 0.028(0.056) 0.614 0.048(0.049) 0.326 -0.014(0.018) 0.427 0.030(0.046) 0.523

WWOX rs17797882 T 0.019(0.056)  0.739 0.119(0.048) 0.014 0.037(0.018)  0.042 0.016(0.046) 0.731

PEPD rs3786897 A -0.035(0.042) 0.442 0.013(0.041)  0.753 -0.012(0.015)  0.422 -0.014(0.038) 0.711
MAEA rs6815464  C -0.009(0.048) 0858 -0.034(0.041) 0.408 0.026(0.015)  0.095 0.006(0.039)  0.885
GLIS3 rs7041847 A -0.066(0.046) 0153 0.015(0.041) 0.712 -0.020(0.015)  0.201 -0.047(0.038) 0.216
PSMD6 rs831571 C 0.049(0.050) 0326 0.062(0.043)  0.151 -0.033(0.016)  0.042 0.049(0.041)  0.232

ZFAND3  rs9470794 C 0.091(0.050)  0.067 0.007(0.044) 0.877 0.002(0.017) 0.915 0.046(0.041)  0.264

GRS © 0.023(0.014)  0.108 0.004(0.013)  0.742 -0.002(0.005)  0.729 0.017(0.012)  0.162

The results of linear regression analysis after adjusting for age, sex and log-transformed BMI are presented. #The risk allele for type 2 diabetes re-
ported in the previous report. ®Values are log-transformed before the analysis. <The GRS was calculated according to the number of risk alleles of
the 8 SNPs. T-CH, total cholesterol; TG, triacylglycerol; HDL-CH, HDL-cholesterol; LDL-CH, LDL-cholesterol

rs7041847: p=0.035, OR=1.118, 95% CI 1.070-1.388, 95% CI 1.017-1.106, unadjusted, p=0.004, OR=1.065,
adjusted for age, sex, and BMI). The remaining 6 SNPs  95% CI 1.021-1.111, adjusted for age, sex and BMI).

were not associated with type 2 diabetes in the present We analyzed the association of these SNPs with T2DM
study (p=0.05). GRS constructed from the 8 SNPs was  in the studied participants stratified by BMIL. The Inter-
significantly associated with T2DM (p=0.006, OR=1.06, national Association for the Study of Obesity (IASO),
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Figure 1. Trend between GRS and prevalence of T2D
Bar graph on the figure shows the positive trend between GRS
and prevalence of T2DM.

and the International Obesity Task Force (IOTF) defined
overweight in Asians as having a BMI= 23 kg/m?; obesity
as BMI=>25 kg/m? (WHO Expert Consultation, 2004).
China defines overweight as BMI of 24 or higher and
obesity as BMI of 28 or higher (Low e al, 2009). The
data are shown in Table 4. In the group with BMI<24
kg/m? PSMDG6 15831571 and KCNKI16 rs1535500 were
associated with T2DM (rs831571: p=0.044, OR=0.796,
95% CI 0.637-0.994; 1s1535500: p=0.001, OR=1.481,
95% CI 1.194-1.838, adjusted for age and sex), while
the 8 SNPs were significantly associated with T2DM
(p=0.040, OR=1.079, 95% CI: 1.003-1.160, adjusted for
age and sex) in the group with 24 <BMI <28 kg/m?

We examined the associations of these SNPs with quan-
titative traits related to glucose and lipid metabolism, such
as HOMA-IR, HOMA-B, HbAlc, FPG and TCH, TG,
HDL-ch, LDL-ch, in the control individuals (Table 5 and
6). WWOX rs17797882 was associated with a decreased
HOMA-§ (»p=0.014, 3=-29.231, se=11.961), an increased
TG level (p=0.014, =0.119, se=0.048) and an increased
HDL-Ch level (»p=0.042, $=0.037, se=0.018). PEPD
3786897 (p=0.002, B=-0.045, se=0.015) and MAEA
rs6815464 (p=0.042, 3=-0.030, se=0.015) were associated
with a decreased fasting glucose. KCNK16 151535500 was
associated with an increased T-Ch (p=0.016, =0.114,
se=0.047). PSMDG 15831571 was associated with a de-
creased HDL-Ch (p=0.042, 3=-0.033, se=0.010).

DISCUSSION

In the study presented here, we evaluated the T2DM
risk conferred by individual SNPs and the GRS con-
structed with the 8 SNPs. The accuracy of the genotyp-
ing was well validated, and the genotype distribution for
each SNP in the controls did not deviate from HWE
proportions. The technical factors were not likely to be
a principal cause of the discrepancy between the study
presented here and study and initial study.

In the single-SNPs analysis, GLIS3 rs7041847,
KCNKI16 151535500, MAEA 156815464 and WWOX
rs17797882 had shown the same direction of effect as
in the original reports. KCNK16 rs1535500T and GLIS3
rs7041847A were found to be the risk alleles as they in-
creased the risk of T2DM significantly. In the Japanese
population, only KCNKI16 rs1535500 was inconsistent
with the original reports. Therefore, differences in genetic
background, ethnicity and environmental factors among
different East Asian populations (Bao e al, 2012) were

likely to be the principal cause for the discrepancy be-
tween this Chinese study and the other population studies.

Construction of GRS is considered to be a useful and
alternative approach to evaluate the effect of multiple
candidate loci in an underpowered sample for single-
SNPs analyses, like the present study. In the GRS analy-
sis, we found that the GRS of 8 SNPs was significantly
associated with T2DM in the Han Chinese population
(Fig. 1). It indicates that the susceptibility to T2DM is
conferred by a combined effect of the 8 SNPs. There-
fore, we suggest that the 8 SNPs are important suscepti-
bility loci for T2DM in the Han Chinese population. Be-
cause our results are not completely consistent with the
other East Asian studies, the contribution of the 8 loci
for susceptibility to T2DM in the Chinese population
needs to be evaluated further in larger Chinese cohorts.

Obesity-associated insulin resistance is a major risk
factor related to T2DM (Kramer et al, 2010). Evidence,
that most genetic loci associated with susceptibility
to T2DM were related to obesity has been found as well
(Xi et al, 2012). Thus, we decided the participants should
be stratified according to BMI. We found that the GRS
constructed from the eight SNPs was significantly asso-
ciated with T2DM in the 24 <BMI<28 group. In the
single-SNPs analysis, PSMDG6 rs831571 and KCNK16
rs1535500 were associated with T2DM in the BMI <24
group. The results indicate that the association of the 8
SNPs with T2DM is more significant in overweight in-
dividuals. Based on the results, we could not strongly
support an opinion about the connection between the
8 SNPs and obesity. The association of the 8 SNPs with
T2DM was more significant in the Japanese population
than in the Chinese population. The reason may be re-
lated to ethnic differences in BMI between the Japanese
and the Chinese. Therefore the study of associations be-
tween T2DM-related SNPs and obesity is worthwhile to
be carried out in different ethnic groups and areas.

The mechanism as to how these loci increased the sus-
ceptibility to T2DM is not clear yet. In the Japanese study,
CMIP 1516955379 was associated with lower HOMA-§
and higher fasting glucose (Sakai ¢ a/, 2013). However,
WWOX 1517797882 was related to lower HOMA-B
and increased TG in the Chinese population. KCNKI16
rs1535500 increased the risk of total hypercholesterolemia
T-Ch, and PSMDG6 1s831571 was correlated to lower
HDL-Ch. High plasma TG dyslipidemia can be consid-
ered as a predictor of T2DM as it decreases insulin sensi-
bility and increases insulin resistance. Our study is a per-
fect example showing, the mentioned differences among
the Asian populations, namely between the Japanese and
Chinese. The 8 SNPs decreased insulin secretion in the
Japanese study. However, besides reducing HOMA-§ the
studied loci had affected the lipid metabolism and in-
creased insulin resistance in the Chinese population.

The present study has several strengths. First, this study
is the first to demonstrate that the 8 SNPs were associated
with T2DM in the Chinese population. Second, all of the
study subjects are Han Chinese who are genetically homo-
geneous. Third, as both — the insulin resistance and insu-
lin insufficiency, have a major role in the development of
T2DM, we comprehensively analyzed association of the 8
SNPs with all clinical parameters. Certainly, we cannot rule
out the limitations of our study, because the present results
were different from those previously reported. We couldn’t
analyze the effect of the size heterogeneity between Han
Chinese population and East Asian population for the 8
SNPs analyzed in our study. However, it is obvious that
the heterogeneity of different nations, variant susceptibility
genes for disease according to different ethnicity and the
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different pathogenesis of T2DM in different populations
are crucial, as they have a great effect and influence on the
development and distribution of diabetes. Thus, replication
studies should be conducted in the future that consider
large samples and that are multi-regional and multi-national.

CONCLUSIONS

In conclusion, the 8 SNPs from East Asian Meta -
Analysis of GWAS were correlated to T2DM in the Han
Chinese population. Further large scale association stud-
ies and functional studies should be done so that the
found associations can be evaluated more thoroughly.
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