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Figure 1. LD plots with D’ values of the GC (a) and CYP2R1 
(b) genes in our 1494 participants. The Figure was generated 
by Haploview. Block definition followed the rules of solid spine 
of LD. D’ values multiplied by 100 are shown as a number in 
the diamonds.

The LD plots of the GC and CYP2R1 genes are 
depicted in Figure 1. The results of the haplotype 
association analyses are displayed in Table 4. The 
two SNPs of the GC gene were in relatively strong 

LD (D’>0.8) with each other, as were also the four 
SNPs of the CYP2R1 gene. P values were calculated 
using general linear regression (SPSS, version 17.0) 
under an additive model for those haplotypes with 
more than 1% frequency. Among the haplotypes of 
rs222020-rs2298849, CG (β=0.104, P=0.001) cor-
responded to increasing serum 25-OHD3 concen-
trations. We did not find any significant association 
between haplotypes of the CYP2R1 gene and serum 
25-OHD3 levels.

Association of GC and CYP2R1 genetic 
variants with bone turnover markers and BMD

Basic information concerning P1NP, β-CTX and 
BMD of the lumbar spine (L2-4), femoral neck (FN) 
and total hip (TH) is shown in Table 1. Some par-
ticipants failed to attend the BMD test, therefore 
the available data of BMD was limited, especially as 
regards BMD of TH.

To determine the potential effect of numeric 
covariates on bone turnover markers and BMD, a 
Pearson correlation was conducted (SPSS, version 
17.0) as an exploratory analysis. Age and BMI were 
considered as potential covariates.

As shown in Table 5, in our research SNP 
rs12794714 (r=-0.053, P=0.021) and BMI (r=-0.052, 
P=0.022) were found to have significant correlation 
with β-CTX levels; SNPs rs12794714 (r=-0.064, 
P=0.007) and rs10741657 (r=0.046, P=0.036) had 
significant correlation with P1NP levels. In the final 
linear regression model, SNPs rs12794714 (β=-0.056, 
P=0.002) and rs10766197 (β=0.044, P=0.012) had 
statistically significant association with β-CTX levels; 
SNP rs12794714 (β=-0.017, P=0.014) had statistically 
significant association with P1NP levels. Although 
we found some statistically significant results, as the 
magnitude of association was rather small, we did not 
do further haplotype association analysis.

As shown in Table 6, in our research, age (r=-0.299, 
P<0.001) and BMI (r=0.183, P<0.001) had signifi-
cant correlation with BMD of L2-4; age (r=-0.521, 
P<0.001) and BMI (r=0.210, P<0.001) had significant 
correlation with BMD of FN; age (r=-0.535, P<0.001) 
and BMI (r=0.272, P<0.001) had significant cor-
relation with BMD of TH. None of the 6 SNPs were 
found to have significant correlation with BMD of 

Table 4. Results of haplotypes association analyses for serum 25-
OHD3 levels

Covariates r P1 β(SE) P2

GC: rs222020-rs2298849

Haplotype Frequency

TA 0.638 -0.082 0.001

CG 0.299
0.094 <0.001 0.104  

(0.030)
0.001

CA 0.038 -0.024 0.173

TG 0.024 0.012 0.322

CYP2R1: rs12794714-rs10741657-rs1562902-rs10766197

Haplotype Frequency

GACG 0.375 -0.004 0.444

AGTA 0.347 -0.019 0.233

GGTG 0.165 0.030 0.124

GGCG 0.057 -0.017 0.250

Age
-0.074 0.002 -0.006  

(0.002)
0.003

Season
0.079 0.001 0.125  

(0.039)
0.001

Serum 25-OHD3 levels were square-root transformed to approxi-
mate normality. Bold numbers represent significant P values. 
r: Pearson correlation coefficient, P1: P value of Pearson correla-
tion, β: regression coefficient, SE: standard error, P2: P value of 
general linear regression.


