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Genotyping

We searched for single nucleotide polymorphisms 
(SNP) information on the GC and CYP2R1 genes 
on the HapMap website (http://hapmap.ncbi.nlm.
nih.gov/). SNPs were selected according to the fol-
lowing criteria: 1) high heterozygosity, which means 
minor allele frequency (MAF) higher than 20% in 
the Chinese population (CHB in HapMap); 2) clas-
sified as tag SNPs; 3) reported to be associated with 
serum 25-OHD3 level in previous studies.9-11 Finally, 
we selected two SNPs of the GC gene (rs222020, 
rs2298849) and four SNPs of the CYP2R1 gene 
(rs12794714, rs10741657, rs1562902, rs10766197). 
Each participant was genotyped for all six SNPs by 
TaqMan allelic discrimination assay (Applied Bio-
systems, USA). The whole reacting volume was 6μl, 
including 3μl (approximately 15 ng) sample DNA, 
2.5μl TaqMan Universal PCR Master Mix, 0.0875μl 
TaqMan probe assay and 0.4125μl ddH2O. Reactions 
were performed on a Real-Time PCR system of ABI 
Prism 7900 (Applied Biosystems, USA) in a 384-well 
reaction plate under standard conditions. The geno-
typing success rate for six SNPs was higher than 98%, 
and the concordance rate was about 94.4% based on 
3% duplicated samples. Genotype frequencies of 
the six SNPs were similar to those in HapMap-CHB 
(http://hapmap.ncbi.nlm.nih.gov/) and they were all 
in Hardy-Weinberg equilibrium.

Statistics

The Hardy-Weinberg equilibrium (HWE) was 
tested using the goodness-of-fit chi-square test of 
the Haploview 4.2 program, which was also used to 
calculate normalized LD coefficient (D’), and the 
Pearson correlation coefficient (r2) to measure link-

age disequilibrium (LD) between pairwise SNPs. 
Haplotypes of each participant were determined 
by Phase 2.02. Serum 25-OHD3 levels were square-
root transformed to approximate normality. The 
independent samples t-test was performed to test 
the difference in serum 25-OHD3 levels between 
different seasons. To establish the potential effect 
of numeric covariates on serum 25-OHD3 levels, a 
Pearson correlation was conducted as an exploratory 
analysis (SPSS, version 17.0). Age, BMI and blood 
collecting season (winter-spring defined as 1, or 
summer defined as 2) were considered as potential 
covariates in a linear regression model. Association of 
the square-root-transformed serum 25-OHD3 levels 
with age, season and all the SNPs and haplotypes were 
tested by general linear regression using backward 
elimination in SPSS, respectively. We also conducted 
the Pearson correlation or general linear regression 
to test correlation or association of the 6 SNPs with 
β-CTX, P1NP and BMD of L2-4, femoral neck and 
total hip. All analyses were carried out under an 
additive model. P<0.05 was considered statistically 
significant. The statistical power was calculated by 
Quanto software (http://hydra.usc.edu/gxe/). Our 
study achieved a power of more than 80%.

Results

Basic characteristics of participants

After excluding participants who failed the bio-
chemistry test or genotyping, 1494 participants re-
mained. The major clinical profiles of these par-
ticipants are listed in Table 1. Among them, 1338 
women had vitamin D deficiency (25-OHD3 <20ng/
ml) and another 146 women had vitamin D insuffi-

Table 1. Basic characteristics of participants

Characteristics Mean ± SD Characteristics Mean ± SD

Age (years) (n=1494) 64.0 ± 9.2 Vitamin D deficiency (n, %) 1338, 89.6%

Height (cm) (n=1494) 155.1 ± 5.6 Vitamin D insufficiency (n, %) 146, 9.8%

Weight (kg) (n=1494) 62.8 ± 9.8 β-CTX (ng/ml) (n=1494) 0.440 ± 0.212

Body mass index (kg/m2) (n=1494) 26.1 ± 3.7 P1NP (ng/ml) (n=1494) 56.95 ± 28.70

Serum 25-OHD3 (ng/ml) (n=1494) 13.2 ± 5.4 BMD of L2-4 (g/cm2) (n=1452) 0.966 ± 0.198

Winter-Spring (Dec-May) (n=805) 12.8 ± 5.2 BMD of FN (g/cm2) (n=1451) 0.767 ± 0.139

Summer (Jun-Aug) (n=689) 13.7 ± 5.6 BMD of TH (g/cm2) (n=985) 0.865 ± 0.144

Vitamin D deficiency: 25-OHD3 <20ng/ml; vitamin D insufficiency: 20ng/ml ≦25-OHD3 <30ng/ml.


