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Introduction
Type 2 diabetes (T2DM) is a common chronic disease that affects 

285 million adults around the world [1]. It is a disease characterized by 
insulin resistance which is combined with relatively reduced insulin 
secretion. Both environmental and genetic factors play an important 
role in the etiology of the disease [2,3]. Obesity, hyperglycemic, 
dyslipidemia and the condition often termed metabolic syndrome 
can potentially cause T2DM by inducing insulin resistance and 
further leading to reduced insulin section [4-6]. The role of genetic 
factors for T2DM, however, is not clear, particularly for those genetic 
polymorphisms with low-penetrate. 

In recent years, multiple genetic variants have been identified 
as susceptibility loci for T2DM through genome-wide association 
studies [7,8]. Although some variants have been found to be associated 
with dysfunction of beta cell, the function remains unclear for many 

others. Of these variants, three novel genetic polymorphisms may play 
an important role in susceptibility to T2DM in Chinese population. 
rs7903146 at the transcription factor 7-like 2 (TCF7L2) gene has been 
suggested to affect the risk of T2DM by involving the enteroinsular 
axis, enhanced expression of the gene in islets, modified incretin action 
and impaired insulin secretion [9,10]. Due to the low frequency of the 
T allele (2%) in Asian population, the variant seems not an important 
risk factor for T2DM in the population. Instead, TCF7L2-rs290487, 
which is in moderate LD with rs7903146 in Chinese Han population 
(D´=1, r2=0.016, http://www.hapmap.org), was suggested as a main 
risk variant in Chinese adults [11], but its effect on glucose homeostasis 
was considered due to insulin resistance[12], much different from that 
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Abstract
Objectives: Multiple single nucleotide polymorphisms (SNPs) have been identified as risk loci for type 2 diabetes 

(T2DM). This study was conducted to increase our understanding of the mechanisms through which three novel risk 
variants affect the risk of T2DM.

Methods: 918 Chinese volunteers from Pudong New Area of Shanghai, China, were recruited in Oct-Dec, 2006. 
Collection of demographic and lifestyle characteristics, body measurements, bio-specimen collection and biochemistry 
assays were performed during the period. Genotyping of rs290487 at transcription factor 7-like 2 (TCF7L2), rs9465871 
at cyclin-dependent kinase 5 regulatory subunit associated protein 1-like 1(CDKAL1) and rs1359790 at chromosome 
13q31.1 were conducted using Taqman approach. 

Results: Genotypes of TCF7L2-rs290487, CDKAL1-rs9465871 and rs1359790 at 13q31.1 were not associated 
with metabolic syndrome or its components. While average levels of glycosylated hemoglobin A1c (HbA1c), fasting 
glucose, serum lipids and anthropometrics did not differ by genotypes of TCF7L2-rs290487 and rs1359790 at 13q31.1, 
HbA1c level varied significantly by genotypes of CDKAL1-rs9465871, particularly among women. After adjusting for 
age, women carrying C allele had a higher level of HbA1c than those bearing T allele, with each C allele linking to 
appropriate 0.1% increase of HbA1c level (P for trend = 0.025). However, the difference was no longer significant after 
multiple comparison correction. Similar patterns were consistently observed regardless of levels of energy, dietary fat 
and average glycemic index intake (P for interaction > 0.05). 

Conclusions: CDKAL1-rs9465871 may slightly affect glycemic phenotypes in non-diabetic Chinese women. Our 
results support the potential role of CDKAL1 gene in the regulation of insulin secretion. 
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of rs7903146. Risk variants at the cyclin-dependent kinase 5 regulatory 
subunit associated protein 1-like 1(CDKAL1) gene were associated 
with insulin-secretory defects and showed little relationship with 
insulin resistance [13,14]. Recently, C allele of CDKAL1-rs9465871 
was observed associated with prevalence of metabolic syndrome 
and elevated levels of fasting plasma glucose (FPG) and glycosylated 
hemoglobin A1c (HbA1C) among non-diabetic Japanese, particularly 
among those with high energy intake [15]. The findings support the 
role of the gene in regulating insulin secretion. Given the small sample 
size of the study, however, further researches are warranted to confirm 
the results. rs1359790 located at 13q31.1 is a novel susceptibility single 
nucleotide polymorphism (SNP) identified by a whole genome scan 
in Chinese women [8]. Although the SNP has been suggested a tag of 
Sprouty 2 (Spry2), a gene located at 193 kb upstream functioning in 
regulating signal transduction pathways and decreasing β-cell viability 
in humans [16], few studies have examined the association of the 
variant with individuals’ metabolic phenotypes.

To better understand the potential functions of these novel 
genetic polymorphisms of T2DM, we evaluated the associations of 
TCF7L2-rs290487, CDKAL1-rs9465871 and rs1359790 at 13q31.1 with 
individual and cluster of metabolic phenotypes among non-diabetic 
Chinese adults from Pudong New Area of Shanghai, China. Our results 
may have an implication on the mechanisms through which the three 
SNPs confer risk to T2DM. 

Materials and Methods
Subjects 

A total of 918 adult volunteers without history of diabetes were 
recruited from communities of Shanggang, Zhoujiadu, Huamu, 
Puxing, Weifang, Jinyang, Meiyuan and Jichang in Pudong New Area 
of Shanghai, China, during the period of Oct- Dec, 2006. None of them 
were further diagnosed with diabetes according to ADA criteria: 1) 
fasting plasma glucose ≥7.0 mmol/L; or 2) two-hour plasma glucose 
≥ 11.1 mmol/L during an oral glucose tolerance test; 75-g glucose load 
should be used; or 3) a random plasma glucose concentration ≥ 11.1 
mmol/L in persons with symptoms of hyperglycemia or hyperglycemic 
crisis. The mean age of the subjects was 57.7 (SD, 9.9) years old, and 
291(31.7%) participants were male. The study was approved by Fudan 
University Institutional Review Board (IRB00002408, FWA00002399).

Data collection

After obtaining written consent, a structured in-person interview 
was conducted by trained interviewers to elicit information on 
demographic characteristics, diagnosis of hypertension, presence of 
dyslipidemia, use of tobacco and alcohol and dietary habit. Smoking 
was defined as taking at least 1 cigarette per day for at least 6 months, 
and alcohol use was defined as drinking alcohol at least 3 times a week 
for more than 6 months.

Dietary habit was assessed using an interviewer-administered 
food frequency questionnaire (FFQ) which included 103 foods and 
food groups commonly consumed in Shanghai. For each food item, 
participants were asked to report how frequently (daily, weekly, 
monthly, annually or never) and how long (months per year) 
they consumed the food, followed by a question on the amount of 
consumption in liang (1 liang = 50 g) per unit of time in the previous 12 
months. For liquid foods such as milk, juice and beverage, the amount 
of intake was reported in milliliter (ml) and was transformed into gram 

in the analysis. The daily intakes of oil, salt and sugar were calculated as 
the average level consumed by each family member of the participant. 

Nutrient content from the Chinese Food Composition Tables was 
applied to estimate nutrient intake from all food items and groups 
and, and to obtain glycemic index (GI) values for some foods [17]. 
We also referenced Foster-Powell et al.’s report to obtain GI values 
for some foods [18]. Each food’s glycemic load (GL) was calculated by 
multiplying the food’s GI value by carbohydrate content of the food 
and the average amount of the food consumed per day. Total dietary 
GL was then produced by summing these products over all food items. 
Dietary GI was derived by dividing the dietary GL by the amount of 
carbohydrate intake, thus yielding a weighted average GI for each 
individual’s diet [19]. We excluded from the analysis the women who 
had total energy intake < 500 kcal/d or > 3500 kcal/d and the men with 
energy intake of < 800 kcal/d or > 4000 kcal/d. 

Phenotype measurements

At the interview, each participant was measured for his/her body 
height, weight, waist circumference, hip circumference, systolic 
blood pressure (SBP), and diastolic blood pressure (DBP) according 
to a uniform and standardized protocol. Body mass index (BMI) was 
calculated as weight (kg) divided by height squared (m2). Waist-to-hip 
ratio (WHR) was also created using measured data. 

After at least 10 hours of overnight fasting, a 1 ~ 1.5 ml venous 
blood specimen was collected in a vacuum tube containing sodium 
fluoride for the measurement of plasma glucose and HbA1c, and a 
3 ~ 3.5 ml non-anticoagulated venous blood specimen was collected 
for the measurement of total cholesterol (TC), triglyceride (TG), high 
density lipoprotein cholesterol (HDLC) and low density lipoprotein 
cholesterol (LDLC).

Enzymology methods were used to measure the fasting plasma 
glucose level (GOD-PAP), concentrations of TG (GPO-PAP) and TC 
(CHOD-PAP) on an Automatic Biochemical Analyzer (HITACHI 
7170A, Hitachi, Ltd, Tokyo, Japan). Levels of HDLC and LDLC were 
measured using a selective inhibition method. HbA1c was tested using 
ion exchange chromatography on DS5 Glycated Hemoglobin Analyzer 
(DREW DS5, Drew Scientific Co. Ltd, Cumbria, UK). Quality control 
of the assays was assessed internally and externally. The interassay 
coefficient of variation was < 1.82% for FPG (SD < 0.23 mmol/L), < 
1.38% for TG (SD < 0.02 mmol/L), < 1.54% for TC (SD < 0.08 mmol/L), 
< 1.6% for HDLC (SD < 0.01 mmol/L), < 5.3% for LDLC (SD < 0.21 
mmol/L), and < 6.13 % for HbA1c (SD< 0.77).

By using the measured data, we identified individuals with metabolic 
syndrome according to a joint interim statement in 2009 [20] as those 
having any three of the following five factors: 1) elevated WC (≥ 85 
cm in men and ≥ 80 cm in women) ; 2) elevated TG (≥ 1.7 mmol/L), 
or drug use for elevated TG; 3) reduced HDL-C ( < 1.0 mmol/L in 
men and < 1.3 mmol/L in women), or drug use for reduced HDL-C; 
4) elevated blood pressure (≥ 130/85 mmHg) or antihypertensive drug 
use for hypertension; and 5) elevated fasting glucose (≥ 5.6 mmol/L) or 
drug use for elevated glucose.

DNA genotyping

Genomic DNA was extracted from leukocyte pellets (100μl blood) 
by proteinase K digestion using Magnetic Genomic DNA kit on Thermo 
Kingfisher ml machine. TCF7L2-rs290487, CDKAL1-rs9465871 and 
rs1359790 at 13q31.1 were genotyped by Taqman allelic discrimination 
assays (assay ID: C_1349543_10 for rs290487; C_29598297_10 for 
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rs9465871 and C_7442164_10 for rs1359790; Applied Biosystems) on 
an ABI 7900HT system. 

Genotyping data was obtained for 896 (rs290487), 906 (rs9465871) 
and 887 (rs359790) subjects, yielding a success rate of 97.6%, 98.7% 
and 96.6%, respectively. The major reason for incomplete genotyping 
was insufficient quantity of DNA. In addition, 5% of samples were 
randomly selected for repeated assays for each SNP and the results 
were all 100% consistent. 

Statistical analysis

Statistical analyses were conducted utilizing SAS statistical software 
9.2 (SAS Institute Inc., Cary, NC).The deviation of genotype distribution 
from Hardy-Weinberg equilibrium (HWE) was determined using 
a fisher exact test. Differences on demographic factors between men 
and women were evaluated using χ2 test (categorical variables) or non 
parameter Wilcoxon test (continuous variables). An unconditional 
logistic regression model was applied to evaluate the association of 
genetic polymorphisms with metabolic syndrome. A generalized linear 
regression was applied to compare the average levels of metabolic 
factors by genotypes of each SNP. Tests for multiplicative interactions 
were performed by including two main effects and a cross-product 
term in the regression model. Metabolic phenotypes were natural log 
(ln) transformed to approximate normal distribution. All statistical 
tests were based on two-sided probability. 

Results
In this small sample of non-diabetic adults, the minor allele 

frequency (MAF) was 35.8% for TCF7L2-rs290487, 46.3% for 
CDKAL1-rs9465871 and 27.7% for rs1359790 at 13q31.1, respectively, 

which were comparable to those reported in HapMap (http://www.
hapmap.org) and several previous studies [8,11,14]. The distributions 
of genotypes at the three loci were all consistent with Hardy-Weinberg 
Equilibrium (HWE), with a P-value of 0.701 for TCF7L2-rs290487, 
0.615 for CDKAL1-rs9465871 and 0.837 for rs1359790 at 13q31.1, 
respectively. 

Presented in Table 1 were demographic and clinical characteristics 
of participants of this study. 291 men and 627 women were similar with 
respect to body mass index, family history of diabetes, prior history 
of dyslipidemia, prevalence of metabolic syndrome, measured fasting 
glucose, TG levels and dietary fat intake. Comparing with the women, 
the men had an older age, higher WHR, higher levels of measured blood 
pressures, higher energy intake, higher average GI intake, higher SBP 
and DBP level, and were more likely to be current smokers or alcohol 
drinkers. The men appeared to have lower levels of HbA1c, HDLC, 
LDLC and TC than women. Considering the significant sex difference 
in demographic and clinical features, we ran most analysis stratified by 
sex in this study. 

As shown in Table 2, the genotype distributions of SNPs rs290487, 
rs9465871 or rs1359790 did not differ between the subjects with and 
without metabolic syndrome in both men and women (all P-value > 
0.05). After adjustment for age, no significant association was observed 
for either one of the three SNPs with metabolic syndrome in both sexes. 

Table 3 shows the average levels of HbA1c, fasting glucose, serum 
lipids and body size by genotypes of TCF7L2-rs290487, rs1359790 
at 13q31.1 and CDKAL1-rs9465871. No significant difference was 
observed for average level of each measurement among genotypes of 
TCF7L2-rs290487 and rs1359790 at 13q31.1 in both sexes. However, 

Missing values (3 for HDLC, 14 for dietary factors and 1 for presence of metabolic syndrome) were excluded.
aP for χ2 test (categorical variables) or non-parameter Wilcoxon test (continuous variables).

Table 1: Comparisons of demographic and clinical characteristics of participants by gender.

Characteristics Men (n=291) Women (n=627) P-value a

Demographic characteristics
Age, years, mean (SD) 59.1 (10.0) 57.0 (9.8) <0.001
Education, junior high school or above, n (%) 245 (84.2) 456 (72.7) <0.001
Family history of diabetes, n (%) 25 (8.6) 63 (10.1) 0.485
Prior history of hypertension, n (%) 106 (36.4) 187 (29.8) 0.046
Prior history of dyslipidemia, n (%) 20 (6.9) 41 (6.5) 0.85
Current smoking, n (%) 134 (46.1) 6 (1.0) <0.001
Current alcohol consumption, n (%) 113 (38.8) 21 (3.4) <0.001

Body measurement, mean (SD)
BMI 25.1 (3.1) 25.0 (3.3) 0.365
WHR 0.88 (0.06) 0.84 (0.06) <0.001
SBP, mmHg 134.1 (16.4) 129.5 (17.1) <0.001
DBP, mmHg 85.2 (9.0) 81.6 (9.6) <0.001

Biochemistry indicators, mean (SD)
Fasting glucose level, mmol/L 5.4 (1.0) 5.3 (1.2) 0.101
HbA1c, % 5.9 (0.5) 6.0 (0.8) 0.023
HDLC, mmol/L 1.1 (0.3) 1.4 (0.3) <0.001
LDLC, mmol/L 2.7 (0.7) 2.9 (0.8) 0.001
TC, mmol/L 4.3 (0.8) 4.6 (0.8) <0.001
TG, mmol/L 1.6 (1.2) 1.4 (0.8) 0.244

Dietary intake, mean (SD)
Energy, kcal/d 2019.7 (604.7) 1758.6 (470.5) <0.001
Fat, g/d 45.3 (22.7) 42.0 (18.2) 0.139
Average GI 62.1 (7.8) 60.4 (7.3) <0.001

Metabolic syndrome, n (%) 110 (37.8) 249 (39.8) 0.568

http://www.hapmap.org
http://www.hapmap.org
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a higher level of HbA1c was found among subjects carrying C allele at 
CDKAL1-rs9465871, particularly among women. It appeared that each 
C allele of CDKAL1-rs9465871 was linked to appropriate 0.1% higher 
level of HbA1c (P for trend =0.025). However, the difference was no 
longer significant by Bonferroni correction. 

To evaluate whether dietary factors could modify the association 
of CDKAL1-rs9465871 with HbA1c level, we further compared the 
average level of HbA1c between genotypes at the locus by energy, 
fat and average GI intake (Figure 1). A similar HbA1c - CDKAL1 
rs9465871 associate pattern was observed regardless of levels of intake, 
with P for interaction tests being 0.900 for energy intake, 0.770 for fat 
intake and 0.639 for GI intake. 

Discussion
In this small sample of Chinese adults free of diabetes, we did 

not find significant associations of TCF7L2-rs290487, CDKAL1-
rs9465871 and rs1359790 at 13q31.1 with metabolic syndrome or 
any of its components. While the genotypes of TCF7L2-rs290487 

and 13q31.1-rs1359790 were not associated with the levels of HbA1c, 
fasting glucose, serum lipids, and body measurements, the risk allele 
of CDKAL1-rs9465871 was linked to a slightly elevated HbA1c level, 
particularly among women. 

SNPs of rs290487 at TCF7L2, rs9465871 at CDKAL1 and rs1359790 
at 13q31.1 are three novel susceptibility loci for T2DM. CDKAL1-
rs9465871 has been suggested to alter the risk of type 2 diabetes 
predominantly through reduced beta-cell function [13,21], while 
TCF7L2-rs290487 mainly links to insulin resistance [12]. rs1359790 
at 13q31.1, on the other hand, is regarded as a tag SNP for Spry2 
gene whose function is related with β-cell viability [16]. In this study, 
however, none of the three SNPs were associated with metabolic 
syndrome and related factors. It is believed that the development of 
metabolic syndrome is mainly initiated with insulin resistance induced 
by dyslipidemia, whereas the occurrence of T2DM is caused by 
subsequent severe impaired insulin secretion. It is plausible that the 
damaged insulin secretion may not be involved in the early stage of 

Genotypes
Metabolic syndrome

P for x2 test Age-adjusted OR (95%CI)* P for trend
Present (%) No present (%)

Men

TCF7L2-rs290487 0.903 0.631

     TT 48 (44.0) 74 (41.6) 1.00

     CT 50 (45.9) 84 (47.2) 1.09 (0.66,1.81)

     CC 11 (10.1) 20 (11.2) 1.20 (0.53, 2.73)

CDKAL1-rs9465871 0.850 0.651

     CC 33 (30.3) 53 (29.4) 1.00

     CT 56 (51.4) 89 (49.4) 0.99 (0.57,1.72)

     TT 20 (18.4) 38 (21.2) 1.20(0.60, 2.40)

13q31.1-rs1359790 0.496 0.306

    GG 58 (54.7) 83 (47.4) 1.00

    AG 39 (36.8) 75 (42.9) 1.35 (0.81, 2.25)

    AA 9 (8.5) 17 (9.7) 1.29(0.54, 3.11)

Women

TCF7L2-rs2904987 0.984 0.976

     TT 96 (40.3) 149 (40.3) 1.00

     CT 111 (46.6) 171 (46.2) 0.98 (0.68, 1.40)

     CC 31 (13.0) 50 (13.5) 1.00 (0.59, 1.71)

CDKAL1-rs9465871 0.343 0.827

     CC 66 (26.9) 113 (30.5) 1.00

     CT 127 (51.8) 170 (45.8) 0.77 (0.52, 1.14)

     TT 52 (21.2) 88 (23.7) 0.98(0.61, 1.56)

13q31.1-rs1359790 0.247 0.107

    GG 120 (49.4) 201 (55.5) 1.00

    AG 103 (42.4) 140 (38.7) 0.85 (0.60, 1.20)

    AA 20 (8.2) 21 (5.8) 0.58(0.30, 1.14)

*OR, odds ratio; 95%CI, 95% confidence interval.
Table 2: Associations of genotypes of TCF7L2-rs290487, CDKAL1-rs9465871 and rs1359790 at 13q31.1 with metabolic syndrome.
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Figure 1: Average level of HbA1c in subjects with different genotypes at CDKAL1-rs9465871 by the levels of energy, fat and average GI intake. The groups of low or 
high intake were classified by the medians of intake. The medians were 1756.3 kcal/d for energy intake, 39.7 g/d for dietary fat intake and 60.7 for average GI intake.

metabolic syndrome, and the genetic factors involving insulin secretion 
may not be associated with the disorder in non-diabetic adults. 
Therefore, our results suggest that, if the risk alleles at the SNPs confer 
risk to T2DM in Chinese adults, they may be linked to impairment of 
insulin secretion rather than a defect in peripheral insulin action.

Although we did not evaluate the association of TCF7L2-rs290487 
with T2DM, the null association between the variant and metabolic 
syndrome is somewhat supported by several studies focusing on other 
T2DM susceptibility loci at TCF7L2 gene [22,23]. In a case-control 
study in Mexico, Cruz et al. [22] observes a strong association of C allele 

† Continuous variables were expressed as Mean (S.D.) 
* Generalized linear model adjusted age.

 Table 3: Average level of metabolic factors by genotypes of TCF7L2-rs290487, rs1359790 at 13q31.1 and CDKAL1-rs9465871.

Metabolic
factors†

TCF7L2-rs290487 P 
Value*

13q31.1-rs1359790 P 
Value*

CDKAL1-rs9465871 P 
Value*TT CT CC AA AG GG TT CT CC

Men, N 122 134 31 26 114 141 58 145 86

FPG, mmol/L 5.4(1.2) 5.3(1.2) 5.3(1.1) 0.800 5.3(1.2) 5.3(1.1) 5.4(1.2) 0.583 5.1(1.1) 5.4(1.2) 5.5(1.2) 0.072

HbA1c, % 5.9(1.1) 5.9(1.1) 5.8(1.1) 0.757 5.9(1.1) 5.9(1.1) 5.9(1.1) 0.887 5.8(1.1) 5.9(1.1) 5.9(1.1) 0.384

TC, mmol/L 4.2(1.2) 4.3(1.2) 4.3(1.2) 0.461 4.3(1.2) 4.3(1.2) 4.2(1.2) 0.497 4.1(1.2) 4.3(1.2) 4.3(1.2) 0.222

TG, mmol/L 1.3(1.8) 1.4(1.7) 1.1(1.8) 0.209 1.2(1.6) 1.3(1.8) 1.3(1.8) 0.933 1.3(1.8) 1.3(1.8) 1.4(1.7) 0.672

LDLC, mmol/L 2.6(1.3) 2.7(1.3) 2.7(1.3) 0.543 2.6(1.3) 2.7(1.3) 2.6(1.3) 0.502 2.5(1.4) 2.7(1.3) 2.6(1.3) 0.135

HDLC, mmol/L 1.1(1.3) 1.1(1.3) 1.1(1.2) 0.952 1.2(1.3) 1.1(1.2) 1.1(1.3) 0.101 1.1(1.3) 1.1(1.3) 1.1(1.3) 0.979

BMI 25.2(1.1) 24.8(1.1) 24.5(1.1) 0.504 25.9(1.1) 24.7(1.1) 25.0(1.1) 0.224 24.9(1.2) 24.9(1.1) 25.0(1.1) 0.983

WHR 0.88(1.1) 0.88(1.1) 0.88(1.1) 0.936 0.90(1.1) 0.88(1.1) 0.88(1.1) 0.353 0.88(1.1) 0.88(1.1) 0.88(1.1) 0.873

Women, N 245 283 81 41 244 321 140 298 179

FPG, mmol/L 5.2(1.2) 5.3(1.2) 5.3(1.2) 0.806 5.3(1.1) 5.3(1.2) 5.2(1.2) 0.846 5.2(1.1) 5.3(1.2) 5.3(1.2) 0.261

HbA1c, % 5.9(1.1) 6.0(1.1) 6.0(1.1) 0.545 6.0(1.1) 6.0(1.1) 6.0(1.1) 0.872 5.9(1.1) 6.0(1.1) 6.1(1.1) 0.025

TC, mmol/L 4.6(1.2) 4.5(1.2) 4.5(1.2) 0.765 4.5(1.3) 4.6(1.2) 4.5(1.2) 0.757 4.7(1.2) 4.5(1.2) 4.5(1.2) 0.034

TG, mmol/L 1.2(1.7) 1.2(1.7) 1.3(1.6) 0.578 1.2(1.6) 1.3(1.7) 1.2(1.6) 0.575 1.3(1.7) 1.2(1.7) 1.2(1.7) 0.108

LDLC, mmol/L 2.8(1.3) 2.8(1.3) 2.8(1.4) 0.914 2.8(1.4) 2.8(1.3) 2.8(1.3) 0.894 2.9(1.3) 2.8(1.3) 2.8(1.3) 0.121

HDLC, mmol/L 1.3(1.3) 1.3(1.3) 1.3(1.3) 0.391 1.3(1.2) 1.3(1.3) 1.3(1.3) 0.784 1.3(1.3) 1.3(1.3) 1.3(1.3) 0.712

BMI 24.4(1.1) 25.0(1.1) 25.0(1.1) 0.106 25.4(1.1) 24.8(1.1) 24.8(1.1) 0.374 25.2(1.1) 24.7(1.1) 24.6(1.1) 0.293

WHR 0.84(1.1) 0.84(1.1) 0.83(1.1) 0.525 0.85(1.1) 0.84(1.1) 0.83(1.1) 0.219 0.83(1.1) 0.84(1.1) 0.84(1.1) 0.491
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at TCF7L2 rs12255372 with T2DM, but a null relation with metabolic 
syndrome. Saadi et al. [23] also finds that TCF7L2-rs12255372 is 
associated with T2DM but not with metabolic syndrome. However, 
we did not observe the effect of TCF7L2-rs290487 on glucose level, 
which is not consistent with several studies. In Liu et al. report[12], 
TCF7L2-rs290487 C allele is significantly associated with a higher 
glucose concentrations, a higher insulin concentration and a lower 
insulin sensitivity index, but not with the measures of insulin secretion 
in 525 Taiwanese adolescent twin-pairs and siblings. Each C allele of 
TCF7L2 -rs7903146 is associated with 0.054% decrease of HbA1c level 
in healthy populations in a GWAS meta-analysis [24], and the T allele 
is linked to a higher level of the long-term index of glucose level in 
other two studies[25,26]. 

In this study, rs1359790 at 13q31.1 was not associated with 
metabolic syndrome and HbA1c level either. The result is consistent 
with a large scale case-control study recently conducted in Japan, in 
which rs1359790 is observed to be associated with T2DM but not with 
any metabolic phenotypes [27]. More studies are needed to assess the 
role of the locus and related mechanisms in the development of T2DM 
among Chinese population. 

Interestingly, unlike TCF7L2-rs290487 and rs1359790 at 13q31.1, 
the risk allele at CDKAL1-rs9465871 is observed associated with 
elevated HbA1c level. HbA1c concentration is a long-term indicator 
of the level of plasma glucose and it has been recently used as one of 
criteria to detect diabetes [28]. In our subjects, each C allele at CDKAL1 
rs9465871 was related with appropriate 0.1% increase in HbA1c level. 
The result is consistent with the finding of Miyaki et al. [15], but with a 
difference of that the effect of the variant was observed among women 
in our study but among men in Miyaki’s report [15]. The smaller 
number of male subjects may account for the difference. However, we 
could not exclude the contribution of possible genetic heterogeneity 
between men and women [29], and between Chinese and Japanese 
population. 

CDKAL1 gene encodes the CDK5 regulatory subunit-associated 
protein 1-like 1. The protein product of the gene shares homology 
with cyclin-dependent kinase 5 regulatory subunit-associated protein, 
a neuronal protein that can specifically inhibit activation of CDK5 
[30]. CDK5 has been shown to act on the beta-cell dysfunction under 
glucotoxic conditions and to reduce the sensitivity of insulin secretion 
in response to glucotoxity, and the inhibition of this protein can prevent 
the decrease of insulin gene expression [31]. Therefore, it is plausible 
that if a certain variant at CDKAL1 gene can alter the function of beta 
cells, it will lead to changes of insulin level in blood and ultimately the 
increase in HbA1c level. Our results suggest that, due to its effect on 
glycemic phenotype in health adults, CDKAL1-rs9465871 may be a 
sensitive susceptibility locus of T2DM in Chinese population. 

To test whether the association of rs9465871-HbA1c can be 
modified by dietary factors, as reported by Miyaki et al. [15], we further 
evaluated the association stratified by intake of dietary energy, fat and 
average GI, respectively. We did not find that the association pattern 
between genotypes at rs9465871 and HbA1c was dependent on the 
intake level of these dietary factors, which is not consistent with Miyaki 
et al. report [15]. It is possible that the power in this study is not enough 
to evaluate the potential interactions. On the other hand, the positive 
interaction observed in Japanese may be false positive, as a result of 
information bias, small sample size and multiple comparisons [32]. 

Strengths of this study include rigorously measured variables using 
standard protocols and vigorous quality control in data collection 
and lab assays. However, the small sample size in this study may have 
limited our ability to examine the effect of the three SNPs on HbA1c 
level, particularly among men. Under an additive model, α=0.05 and 
OR=1.2, the power was 83.40% for TCF7L2-rs290487, 85.60% for 
CDKAL1-rs9465871 and 77.90% for 13q31.1-rs1359790 in overall 
analysis. In stratified analysis by sex, however, the power was less than 
80% in both men and women. This also may have led to lacking power 
to assess the potential modifying effect of dietary intake. Further studies 
with a large sample size are needed to confirm our results.

In summary, no significant associations were observed for TCF7L2-
rs290487, rs1359790 at 13q31.1 and CDKAL1-rs9465871 with metabolic 
phenotypes in this small Chinese population, indicating a potential 
role of the three novel susceptibility loci, if any, in the regulation of 
insulin secretion. The effect of CDKAL1-rs9465871 on HbA1c level in 
Chinese non-diabetic adults implicates its role as a susceptible marker 
for T2DM in the population. 
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