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ciency (20ng/ml ≦25-OHD3 <30ng/ml), accounting 
for 89.6% and 9.8% of the total sample, respectively.

Among the 1494 participants, 91 blood samples 
were collected in winter, while 714 and 689 blood 
samples were collected in spring and summer, re-
spectively. Since the sample size of the winter group 
was small and there was no significantly statistical 
difference between the winter and spring groups 
after adjusting age and BMI, we divided the 1494 
participants into two season groups: summer and 
winter-spring. The concentrations of serum 25-OHD3 
were significantly different between the summer group 
and the winter-spring group (P=0.001).

Serum 25-OHD3 levels in different seasons

Because the sample size of the winter group was 
small, and there was no significantly statistical dif-
ference of serum 25-OHD3 levels between the win-
ter and spring groups (P=0.671), we divided the 
1494 participants into two season groups: summer 
and winter-spring. The serum 25-OHD3 levels were 
significantly different between the summer and the 
winter-spring groups (P=0.002), as shown in Table 2.

Association of GC and CYP2R1 genetic 
variants with serum 25-OHD3 levels

To determine the potential effect of numeric 
covariates on serum 25-OHD3 levels, a Pearson cor-
relation was conducted as an exploratory analysis 
(SPSS, version 17.0). Except for all the SNPs under 
the additive model, 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. In our study, SNPs rs222020 
(r=0.080, P=0.001) and rs2298849 (r=0.095, P<0.001) 
of the GC gene, age (r=-0.074, P=0.002) and blood 
collecting season (r=0.079, P=0.001) were found 
to have significant correlation with serum 25-OHD3 
levels. Following this, the association of the square-
root-transformed serum 25-OHD3 levels with age, 
season and all the SNPs were tested by general linear 
regression using backward elimination in SPSS. The 
main results of the SNPs genotyping of the GC and 
the CYP2R1 genes and their association analyses for 
serum 25-OHD3 levels are shown in Table 3. SNP 
rs2298849 (β=0.105, P<0.001) of the GC gene was 
found to have a significant association with serum 
25-OHD3 levels. We did not find any significant 
association between CYP2R1 genetic variants and 
serum 25-OHD3 levels.

Table 2. Result of t-test of serum 25-OHD3 levels in different seasons

Blood collecting 
season

N 25-OHD3  
(ng/ml)

Sqrt of 25-OHD3  
(ng/ml)

P

Winter 91 13.1 ± 5.7 3.54 ± 0.80 0.671

Spring 714 12.8 ± 5.1 3.50 ± 0.72

Winter - Spring  
(Dec-May)

805 12.8 ± 5.2 3.51 ± 0.73

0.002
Summer  
(Jun-Aug)

689 13.7 ± 5.6 3.62 ± 0.77

Sqrt of 25-OHD3: square-root-transformed serum 25-OHD3 level.

Table 3. Results of single SNPs association analyses for serum 25-OHD3 levels

Covariates r P1 β(SE) P2

Genes SNP Allele MAF HWE

GC rs222020 T/C 0.338 0.86 0.080 0.001

GC rs2298849 A/G 0.324 0.55 0.095 <0.001 0.105(0.029) <0.001

CYP2R1 rs12794714 G/A 0.373 0.87 -0.010 0.353

CYP2R1 rs10741657 G/A 0.396 0.96 -0.007 0.387

CYP2R1 rs1562902 T/C 0.435 0.83 -0.016 0.272

CYP2R1 rs10766197 G/A 0.371 0.51 -0.014 0.296

Age -0.074 0.002 -0.006(0.002) 0.003

Season 0.079 0.001 0.127(0.039) 0.001

Serum 25-OHD3 levels were square-root transformed to approximate normality. Bold numbers represent significant P values. Allele: 
major allele/minor allele; MAF: minor allele frequency; HWE: P values for Hardy-Weinberg Equilibrium test; r: Pearson correlation 
coefficient; P1: P value of Pearson correlation; β: regression coefficient; SE: standard error; P2: P value of general linear regression.


