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Summary
We studies 472 elders to assess joint association of vitamin D receptor (VDR) variability and physical activity on low handgrip strength (LHS) and osteoporosis (OST). Our findings showed higher risks of OST were associated with physically inactive elders with some specific VDR variations, highlighting the importance of promotion program for physical activity.
Abstract
Purpose: The aim of this study was to determine the joint association between vitamin D receptor (VDR) variability and physical activity on low handgrip strength (LHS) and osteoporosis (OST) in community-dwelling elders. 
Methods: Bone mineral density (BMD) of the lumbar spine (LS), the femoral neck (FN), and the total hip (TH) were measured by Dual-energy X-ray absorptiometry. Four SNPs (rs7975232, rs1544410, rs2239185, and rs3782905) of the VDR gene were examined in 472 participants.
Results: Physical inactivity and each of the 4 SNPs were jointly associated with a significantly greater risk of LHS in people than that associated with each of the VDR SNPs or low physical activity alone. Physically inactive men with the AG or AA genotype of rs2239185 had a significantly greater risk of overall, LS, and FN OST than those of physically active men with the GG genotype (odds ratio [OR]: 3.57, 95% confidence interval [CI]: 1.10-11.65; OR: 4.74, 95% CI: 1.43-15.70; and OR: 5.06, 95% CI: 1.08-23.71, respectively). Similarly, physically inactive women with the CG or CC genotype of rs3782905 and the AG or AA genotype of rs1544410 had a significantly greater risk of FN OST than physically active women with the GG genotype (OR: 5.33, 95% CI: 1.23-23.06 and OR: 5.36, 95% CI: 1.11-25.94, respectively). 
 
Conclusions: VDR polymorphisms and physical activity are jointly associated with LHS and OST in elders. Health care programs should promote physical activity among elders as a cost-effective way to prevent LHS and OST, especially in those who may be genetically predisposed.
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Introduction
The vitamin D receptor (VDR) gene is located in the chromosome 12q13 region. This receptor is the main receptor that binds 1α,25-dihydroxyvitamin D3 [1,25(OH)2D3] [1]. Previous study proved 1,25(OH)2D3 once bound to its nuclear receptor, leading to changes in the gene transcription of mRNA and subsequent specific protein synthesis [2]. Most studies of VDR gene have focused on the 3' untranslated region (UTR), which include BsmI (tagSNP rs1544410), ApaI (tagSNP rs7975232), and TaqI [3-5]. These SNPs have been shown to be in high linkage disequilibrium (LD), and a part of the LD extended to the 3' UTR [5]. The correlations observed with the VDR SNPs could be illustrated by LD between these associated VDR SNPs and polymorphisms. Unusual non-synonymous variations in VDR cause vitamin D - resistant rickets, and more general variants promote variability in bone mineral density (BMD) and susceptibility to osteoporosis (OST) [6].
Genetic factors contribute significantly to the risk of low BMD, with heritability estimated at 63% to 79% [7]. Variability in the VDR gene is the most extensively studied genetic factor that affects BMD [8,9]. A previous study revealed a positive correlation between the VDR genotype and BMD, and that SNPs of the VDR gene may provide a hint to affect to low bone mass [10]. However, the evidence for an influence of the VDR polymorphism on bone density and OST in elderly is still controversial, with both positive and negative associations reported in various studies [11-13].
Aging is accompanied by a decrease in muscle strength and muscle mass, even in healthy elderly people [14,15]. Vitamin D deficiency is correlated with muscle weakness, and is common in elderly people [16]. Annweiler et al. reported a significant correlation between low serum vitamin D and low quadriceps [17] and handgrip [18] strength in community-dwelling women aged 75 years and older. Geusens et al. showed that non-obese women aged 70 years and older who had the BsmI bb genotype of the VDR gene had greater handgrip and quadriceps strength than those with the BB genotype [19].
Physical activity is an important modifiable risk factor for BMD and muscle strength. Previous cross-sectional and longitudinal studies have shown associations between physical activity and BMD, OST, and bone fracture in men [20,21] and premenopausal [20,22] and postmenopausal [20] women. Evidence from cross-sectional and longitudinal studies also suggests that physical activity increases muscle strength and physical performance [23,24]. Although previous studies among premenopausal women suggested that VDR polymorphisms mediate the effects of physical activity on BMD [25,26], the joint effect of physical activity and genetic factors on handgrip strength and OST have not been examined.
We hypothesized that the tag SNPs, rs7975232 (ApaI), rs1544410 (BsmI), rs2239185, and rs3782905 (Ddel) of the VDR gene are correlated with low handgrip strength (LHS) and an increased risk of OST. We also proposed that their effects would vary with changes in environmental factors, such as physical activity. In our current study, we investigated the joint effect of VDR genetic variants and physical activity on LHS and OST of the femoral neck (FN), lumbar spine (LS), and total hip (TH) in community-dwelling elderly people in Taiwan.
Methods
Study subjects
Our study was part of the Taichung Community Health Study for Elders. The details of our study design and the recruitment of participants have been described previously [27]. Four SNPs (rs7975232, rs1544410, rs2239185, and rs3782905) of the VDR gene were examined in 480 unrelated elderly people, and genotypes were obtained for 472 participants. The numbers of participants excluded from analysis due to missing data at LS, FN, and TH sites were 2, 3, and 5, respectively. One hundred and three participants with OST (36 men and 67 women) and 369 control participants (215 men and 154 women) were included in the current analysis. Our study was approved by the Human Research Committee of China Medical University Hospital. Signed, informed consent was obtained from each participant.
Measurements
A Tsutsumi TTM dynamometer (Tokyo, Japan) was used to evaluate isometric handgrip strength. The participants were in a standing position, arms at their side, not touching their body. The elbow was slightly bent. Each participant was asked to squeeze the dynamometer with as much force as possible, being careful to squeeze only once for each measurement. Three trials were conducted with a pause of 10-20 seconds to avoid the muscle fatigue. The result of each trial was recorded to the nearest kilogram. If the difference was within 3 kg, the test was complete. If the difference between any two measures was more than 3 kg, then we repeated the test once more after a rest period. We used the three best measurements as the data, and the average handgrip strength of each hand was calculated. The highest average handgrip strength between the left and right hands was used as the participant’s handgrip strength. We defined LHS as handgrip strength in the lowest quintile, based on sex and body mass index (BMI) subgroups, as described by Fried et al. [28]. 
Dual-energy X-ray absorptiometry (DXA) (GE-LUNAR DPX PRO, Lunar Corporation, Madison, WI, USA) was applied to measure the BMD (g/cm2) of the anteroposterior LS (L1-L4), left and right FN, and left and right TH. Whole-body DXA measurements were recorded with the participants lying supine, clad only in their underwear, with no metal items. The whole-body composition analysis provides data on various regions, such as the spine, the neck, the arms, the legs, and the torso. The DXA equipment was calibrated daily using a standardized phantom method. The lowest value of BMD between the left- and right-side measurements for the FNs and THs was used as each participant's FN BMD and TH BMD, respectively. The lowest value of BMD among LS, FN, and TH sites was defined as his/her overall BMD value. The overall and site-specific OSTs were defined as a BMD T score less than or equal to -2.5 standard deviations (SDs), according to the diagnostic criteria established by the World Health Organization [29]. 
Physical activity was defined as current participation in regular leisure-time activities for at least 30 min per week for at least 6 months. The sociodemographic and lifestyle characteristics and the self-reported health status for each participant were recorded using self-administered questionnaires. The BMI was calculated as body weight divided by height squared (kg/m2). Blood samples were collected in the morning after a 12-h fasting period, and were analyzed within 4-h of collection. The serum levels of triglycerides, high-density lipoprotein cholesterol (HDL-C), glucose, uric acid, and albumin were measured using a Synchron LX20 automatic blood analyzer (Beckman Coulter, Fullerton, CA, USA). 
DNA preparation, SNP selection, and SNP genotyping
Genomic DNA was isolated from the blood samples using the QIAamp DNA Blood Kit (Qiagen, Chatsworth, CA, USA). The concentration of the purified DNA was quantified using a ND-2000c spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). We selected the rs7975232, rs1544410, rs2239185, and rs3782905 SNPs in the intron of VDR based on the findings for the CHB population in the International HapMap Project. The SNP genotyping was performed using an Illumina VeraCode GoldenGate genotyping assay (Illumina, San Diego, CA, USA). We also evaluated the risk of genotyping failure.
Statistical analysis
The demographic and clinical characteristics were examined, including age, sex, physical activity, and the biochemical variables. The continuous variables are reported as the mean ± SD, and the categorical variables are reported as the number and percentage of observations. Two-sample t tests, one-way analysis of variance, Chi-square tests, and the Fisher exact test were used for the bivariate analyses. Because the distribution of the triglycerides and high-sensitivity C-reactive protein levels were skewed, the data were normalized using a natural log-transformation, and the geometric mean ± SD of each was calculated. The bivariate analyses of the continuous and categorical data and the log-transformations were performed using the SAS, Version 9.3, computer software (SAS Institute, Cary, NC, USA). Statistical significance was set at a 2-sided P < .05. A Hardy-Weinberg equilibrium (HWE) analysis was performed using the PLINK, Version 1.07, computer software (http://pngu.mgh.harvard.edu/purcell/plink). The correlation coefficients (r2) between the SNPs were calculated to quantify pair-wise measures of LD using the Haploview, Version 4.2, computer software. A logistic-regression analysis with and without (crude model) adjustment for age, BMI, and physical activity was used to examine whether each SNP was associated with LHS and OST of the LS, FN, or TH using the PLINK software, and the odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Genotypic, additive, dominant, and recessive models were used for the single-SNP association analysis. Interactions between each SNP and physical activity were also examined.
Results
Demographic and clinical characteristics
The analysis of the demographic and clinical characteristics for the participants are summarized in Table 1. Our study included 103 elderly OST participants (36 men and 67 women) and 369 elderly control participants (215 men and 154 women). The BMI, the handgrip strength, the overall BMD, the LS BMD, the FN BMD, the TH BMD, and the physical activity were significantly lower among both men and women in the OST group, compared with those of the control group (P < .05 for all). The female OST participants also had significantly lower fasting plasma glucose and uric acid levels than those of the control group (P < .05).
Genotype and allele frequencies of variants in the VDR gene and their association with handgrip strength and BMD
The minor-allele frequency (MAF) of the 4 SNPs in the VDR gene were > 5.0% in our sample. The genotype frequencies for the men and women were compared. The frequencies of the AA genotype for rs7975232, rs1544410, and rs2239185 among women were 11.0%, 0.5%, and 7.3%, respectively. The frequencies of the AA genotype for rs7975232, rs1544410, and rs2239185 among men were 12.4%, 0.4%, and 12.4%, respectively. The frequences of the CC genotype of rs3782905 was 1.8% among women and 2.8% among men. No significant difference in sex was observed between the various VDR genotypes. The genotype frequencies of 4 VDR SNPs in men and women were in accordance with the Hardy-Weinberg equilibrium law in our sample using the genetic equilibrium test (all SNPs P > .05). According to the genotypes frequencies, the SNPs were in a weak LD (r2 ≤ 0.13 for all). A strong allelic association between rs7975232 and rs2239185 was also determined (r2 = 0.88). The handgrip strength of women carrying the AC genotype of rs7975232 was significantly lower than those of the CC genotype (P < .05) (Table 2).
Effect of VDR variation on LHS, overall OST, and site-specific OST
The logistic regression models were adjusted for age, BMI, and physical activity. The genotype and dominant models showed that genotype AC and allele A of rs7975232 was associated with an increased risk of LHS (crude OR: 2.51; 95% CI: 1.11-5.67 and crude OR: 2.21; 95% CI: 1.01-4.86, respectively) among women, respectively (Table 3). After the multivariate adjustments, the dominant model showed that women with the C allele of rs3782905 had a 2.23 times greater risk of overall OST, and a 2.60 times greater risk of FN OST.
The genotype model shows that the AA genotypes of rs7975232 and rs2239185 were each associated with an increased risk of LHS among men (adjusted OR: 3.63; 95% CI: 1.16-11.41 and adjusted OR: 3.45; 95% CI: 1.15-10.39, respectively). In the additive model, for every additional A allele of rs7975232 and rs2239185, the risk of LHS increased 2.05-fold (95% CI: 1.20-3.51) and 1.88-fold (95% CI: 1.11-3.18), respectively. In the dominant models, the A alleles of rs7975232 and rs2239185 were associated with a 3.09 (95% CI: 1.37-6.98) and a 2.27 (95% CI: 1.05-4.89) times greater risk of LHS, respectively (Table 3).
Joint effect of VDR variations and physical activity on the risk of LHS, overall OST, and site-specific OST
The analysis of LHS, overall OST, and site-specific OST were adjusted for age and BMI. In both physically inactive men and women, we observed that a markedly increase in odds ratio of LHS associated with increased number of minor allele of each VDR genotype (Figure 1). Physically inactive elders with the AC or AA genotype of rs7975232 had a significantly higher risk of LHS than those physically active elders with the CC genotype of rs7975232 (OR: 17.69, 95% CI: 4.79-65.38 in women and OR: 18.68, 95% CI: 5.23-66.67 in men in Figure 1, panels 1 and 5, respectively). Similarly, in both men and women, physically inactive elders carrying the AG or AA genotype of SNPs rs1544410 and rs2239185 had a significantly higher risk of LHS than those physically active elders carrying the GG genotype (OR: 8.37, 95% CI: 1.71-40.95; OR: 16.57, 95% CI: 4.44-61.83; OR: 31.14, 95% CI: 4.04-240.22; and OR: 15.99, 95% CI: 4.82-53.05, respectively; Figure 1, panels 2, 3, 6, and 7). The CG or CC genotype of rs3782905 was associated with a higher risk of LHS in physically inactive elders (OR: 9.13, 95% CI: 2.38-35.01 and OR: 5.72, 95% CI: 1.29-25.45, respectively; Figure 1, panels 4 and 8).
Physically inactive men carrying the AC or AA genotype of rs7975232 had a significantly greater risk of overall OST, LS OST, and FN OST than those of active men carrying the CC genotype (OR: 4.57, 95% CI: 1.35-15.42; OR: 5.95, 95% CI: 1.73-20.51; and OR: 6.18, 95% CI:1.29-29.65, respectively; Figure 2A, panels 1-3). Similarly, physically inactive men carrying the AG or AA genotype of rs2239185 had a significantly greater risk of overall OST, LS OST, and FN OST than those of active men carrying the GG genotype (OR: 3.57, 95% CI: 1.10-11.65; OR: 4.74, 95% CI: 1.43-15.70; and OR: 5.06, 95% CI:1.08-23.71, respectively; Figure 2A, panels 5-7; interaction of rs2239185 and physical activity at LS OST in elderly men: P < .05). The GG genotype of rs1544410 and rs3782905 was associated with a greater risk of LS OST in physically inactive men (OR: 2.88, 95% CI: 1.03-8.04 and OR: 3.74, 95% CI: 1.22-11.45, respectively; Figure 2A, panels 4 and 8).
Physically active women with the CG or CC genotype of rs3782905 had significantly greater risks of overall OST and TH OST than those of physically active women with the GG genotype (OR: 2.50, 95% CI: 1.15-5.47 and OR: 3.60, 95% CI: 1.02-12.69, respectively; Figure 2B, panels 1 and 3). In addition, the GG genotype of rs3782905 was associated with a greater risks of TH OST in physically inactive women (OR: 3.80, 95% CI: 1.11-13.05; Figure 2B, panel 3). Physically inactive women with the AG or AA genotype of rs1544410 and the CG or CC genotype of rs3782905 and had a significantly higher risk of FN OST than that of active women with the GG genotypes of each (OR: 5.33, 95% CI: 1.23-23.06 and OR: 5.36, 95% CI: 1.11-25.94, respectively; Figure 2B, panels 2 and 4).
Discussion
The most frequently studied polymorphisms of the VDR gene include ApaI (tagSNP rs7975232), BsmI (tagSNP rs1544410) and TaqI [3-5]. The rs7975232, rs1544410, and rs2239185 SNPs analyzed in our study were contained within 3' regulatory area and were in LD with 3' UTR polymorphisms [30]. The rs3782905 SNP is another intronic polymorphism [1], situated in intron 2, are noncoding and do not alter the amino acid sequence of the VDR protein [31,32]. Although these polymorphisms are not likely to be functional [1], they can be used as markers to examine a functional allele, owing to the LD. The 3' UTR region of the VDR gene is involved in the regulation of VDR expression [30]. Therefore, this gene polymorphism may play a key role in gene transcription or mRNA stability [10].
In our cohort study of apparently healthy Taiwanese community-dwelling elderly people, the distributions of rs7975232 (ApaI), rs1544410 (BsmI), rs2239185, and rs3782905 between the OST cases and the controls were similar for men and women (data not shown). Our results showed that an LD existed between the 4 SNPs, with strong allelic associations between rs7975232 and rs2239185 (r2 = 0.88), and that a weaker LD existed between the other SNPs examined. Racial diversity has been shown to affect the frequency of gene polymorphisms [33]. Significantly different distributions of the minor allele (A) of rs7975232 (ApaI) have been reported for African (63-68%), Caucasian (57-60%), and Chinese (30-31%) populations (data available from the International HapMap Project, http://hapmap.ncbi.nlm.nih.gov; Data Rel 27 Phase II+III, Feb 09). The distribution of this allele variant was 31% in our Taiwanese cohort. 
Morrison at al. first reported that the VDR genotype is a genetic marker of bone-density, and that variation in VDR may provide a hint to a predisposition to low bone mass [10]. Correlations between VDR polymorphisms and BMD have been reported for different populations [34,35]. However, other studies have not found such correlations [36,37]. A previous study demonstrated that a change in LS BMD was correlated with rs1544410 (BsmI) [38]. In addition, rs7975232 (ApaI) has been shown to be an independent polymorphism, and the CC genotype has been shown to be associated with higher LS BMD [39]. Furthermore, VDR alleles have been shown to have a weak effect on FN BMD and a stronger effect on LS BMD [40,41]. Our data showed that the mean LS and TH BMDs in elderly men with the CC or AA genotypes of rs7975232 were significantly higher than those of men with the AC genotype. However, we did not detect a similar influence in elderly women. 
The conflicting findings of previous studies of the relationship between VDR genetic polymorphisms and BMD might be partially explained by insufficient sample size [42], the effects of LD with functionally vital genetic variants, or the influence of environmental factors that mediate the effects of genotype on BMD [43]. Some environmental factors, including physical activity, are associated with BMD levels [44]. However, the joint effect of genetics and physical activity on BMD has not been examined. Our study is the first to show that rs1544410 and low physical activity exert a joint effect on FN OST in elderly women, and that rs2239185 and low physical activity exert a joint effect on overall OST, FN OST, and LS OST in elderly men. Clear differences exist in the incidences of LHS and OST between men and women. Previous studies have shown that sex may be considered as an environmental factor that affects genotype-specific disease risk, and that sex may warrant substantial consideration in analyses of diseases with skewed sex ratios [45]. Our results are consistent with this finding.
Previous studies have shown that rs1544410 (BsmI) is associated with the strength of the quadriceps muscle and handgrip in non-obese elderly women [19]. In our study, we found that physical inactivity and each of the 4 VDR SNPs analyzed were jointly associated with LHS in elderly people. We also observed that an increasing number of the minor alleles of each VDR genotype was associated with a progressively increased risk of LHS in physically inactive elderly people. Thus, physically inactive elderly people with these VDR risk alleles are more likely to have LHS than their physically active counterparts. Furthermore, physically inactive elderly people with these VDR risk alleles are more likely to develop OST than physically active elderly people with or without these VDR risk alleles. Elderly people should be encouraged to engage in physical activity to prevent OST and LHS, especially those who may be genetically predisposed to these conditions.
In conclusion, VDR genetic polymorphisms and physical activity are jointly associated with LHS and OST in elderly people in Taiwan. Because the VDR SNPs analyzed in our study were tag SNPs with a LD in the literature, functional or non-coding variants in the 3' UTR of VDR may explain our associations. Health care programs should promote physical activity among elderly people as a cost-effective way to prevent LHS and OST, especially in those who may be genetically predisposed to these conditions.
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Figure Legends
Figure 1. Adjusted odds ratios for low hand grip strength for 4 SNPs in the presence and absence of physical activity in women (Panels 1-4) and men (Panels 5-8). Adjusted odds ratio from model additionally considering age and BMI.
NA: not available.
*: P < .05; **: P < .01; ***: P < .001.

Figure 2A. Significant adjusted odds ratios of overall osteoporosis (OST) as well as OST at lumbar spine (LS), and femoral neck (FN) for SNPs rs7975232 (Panels 1-3) and rs2239185 (Panels 5-7), and OST at LS for SNPs rs1544410 (Panel 4) and rs3782905 (Panel 8) in the presence and absence of physical activity in men. Adjusted odds ratios were from model additionally considering age and BMI. Interaction of rs2239185 and physical activity at LS OST in elderly men was significant (P < .05).
*: P < .05; **: P < .01; ***: P < .001.

Figure 2B. Significant adjusted odds ratios of overall osteoporosis (OST) as well as OST at femoral neck (FN) and total hip (TH) for SNP rs3782905 (Panels 1-3) and OST at FN for SNP rs1544410 (Panel 4) in the presence and absence of physical activity in women. Adjusted odds ratios were from model additionally considering age and BMI.
*: P < .05; **: P < .01; ***: P < .001.


Table 1. Characteristics of study subjects according to osteoporosis status.
	Characteristic
	Women (n=221)
	
	Men (n=251)

	
	OST Cases
	Controls
	
	OST Cases
	Controls

	N (%)
	67 (30.3)
	154 (69.7)
	
	36 (14.3)
	215 (85.7)

	Age (years)
	75.3 ± 6.1*
	71.7 ± 4.7*
	
	76.7 ± 7.3*
	74.4 ± 6.3*

	BMI (kg/m2)
	21.7 ± 3.2*
	24.3 ± 3.1*
	
	20.6 ± 3.2*
	24.0 ± 2.9*

	Handgrip strength (kg)
	18.6 ± 6.9*
	21.9 ± 4.3*
	
	29.7 ± 6.6*
	34.0 ± 5.8*

	Bone mineral density (BMD, g/cm2)
	
	
	

	Overall BMD
	0.604 ± 0.076*
	0.777 ± 0.101*
	
	0.635 ± 0.088*
	0.842 ± 0.120*

	LS BMD
	0.770 ± 0.100*
	1.028 ± 0.135*
	
	0.887 ± 0.112*
	1.178 ± 0.195*

	FN BMD
	0.613 ± 0.102*
	0.778 ± 0.101*
	
	0.641 ± 0.089*
	0.843 ± 0.121*

	TH BMD
	0.663 ± 0.103*
	0.848 ± 0.107*
	
	0.691 ± 0.098*
	0.928 ± 0.135*

	Behaviors
	
	
	
	
	

	Physical activity
	43 (64.2)*
	124 (80.5)*
	
	25 (69.4)*
	184 (85.6)*

	Smoking
	2 (3.0)
	5 (3.3)
	
	17 (47.2)
	76 (35.4)

	Alcohol drinking
	4 (6.0)
	10 (6.5)
	
	12 (33.3)
	68 (31.6)

	Biochemical marker
	
	
	
	
	

	FPG (mmol/L)
	5.7 ± 1.0*
	6.0 ± 1.8*
	
	5.8 ± 1.2
	6.0 ± 1.1

	Total cholesterol (mmol/L)
	5.1 ± 0.8
	5.2 ± 0.9
	
	4.9 ± 1.0
	4.9 ± 0.9

	Triglycerides (mmol/L)#
	1.1 ± 1.6
	1.2 ± 1.6
	
	1.0 ± 1.7
	1.1 ± 1.7

	LDL-C (mmol/L)
	3.0 ± 0.7
	3.0 ± 0.8
	
	2.9 ± 0.8
	3.0 ± 0.8

	HDL-C (mmol/L)
	1.3 ± 0.4
	1.3 ± 0.3
	
	1.3 ± 0.5
	1.1 ± 0.3

	hs-CRP (nmol/L)#
	0.92 ± 2.93
	1.03 ± 3.29
	
	0.91 ± 3.28
	1.03 ± 3.17

	IL-6 (pg/mL)
	3.9 ± 4.5
	3.6 ± 3.7
	
	4.8 ± 5.1
	4.2 ± 4.2

	TNF-α (pg/mL)
	3.2 ± 4.8
	3.5 ± 8.1
	
	4.3 ± 6.9
	5.2 ± 15.4

	Albumin (g/L)
	42.6 ± 3.7
	43.2 ± 3.1
	
	42.0 ± 3.7
	43.1 ± 3.3

	Creatinine (μmol/L)
	79.4 ± 65.0
	73.0 ± 63.4
	
	93.2 ± 28.8
	99.2 ± 54.5

	eGFR (ml/min/1.73m²)
	77.0 ± 25.5
	79.4 ± 20.5
	
	76.9 ± 25.2
	71.1 ± 18.7

	BUN (mmol/L)
	5.7 ± 3.4
	5.2 ± 2.2
	
	5.9 ± 2.7
	5.6 ± 2.2

	Uric Acid (μmol/L)
	300.5 ± 74.0*
	331.2 ± 77.6*
	
	378.2 ± 122.3
	378.0 ± 80.9

	Disease History
	
	
	
	
	

	Previous falls history
	18 (26.9)
	44 (28.6)
	
	9 (25.7)
	32 (14.9)

	Hypertension
	25 (38.5)
	73 (48.0)
	
	14 (38.9)
	109 (51.2)

	Diabetes
	5 (7.5)
	16 (10.5)
	
	7 (19.4)
	37 (17.5)

	Hyperlipidemia
	16 (23.9)
	54 (35.8)
	
	4 (11.1)
	44 (21.4)

	CVA
	5 (7.6)
	5 (3.3)
	
	3 (8.3)
	8 (3.9)

	Cancer
	4 (6.1)
	9 (6.1)
	
	2 (5.7)
	10 (4.9)


Data were presented as mean±SD for continuous variables or n (%) for categorical variables.
OST: osteoporosis; BMI: body mass index; LS: lumbar spine; FN: femoral neck; TH: total hip; FPG: fasting plasma glucose; hs-CRP: high-sensitivity C-reactive protein; eGFR: estimated glomerular filtration rate; BUN: blood urea nitrogen; CVA: cerebral vascular accident.
#: Geometric mean was presented.
*: P < .05 between cases and controls.
Table 2. Genotype and allele distributions of study subjects as well as handgrip strength and bone mineral density distributions according to genotype status stratified by gendera.
	SNP 
	Genotype or allele
	n (%)
	Handgrip strength (kg)
	　
	Bone mineral density (g/cm2)

	
	
	
	
	　
	Overall
	LS 
	FN 
	TH 

	Women
	　
	　
	(n=220)
	　
	(n=221)
	(n=220)
	(n=219)
	(n=218)

	rs7975232
	CC
	106 (50.5)
	21.7 ± 4.5
	
	0.731 ± 0.118
	0.943 ± 0.170
	0.734 ± 0.116
	0.798 ± 0.129

	
	AC
	81 (38.6)
	19.6 ± 6.9b
	
	0.713 ± 0.137
	0.943 ± 0.175
	0.721 ± 0.146
	0.783 ± 0.152

	
	AA
	23 (11.0)
	21.1 ± 3.3
	
	0.732 ± 0.097
	0.942 ± 0.138
	0.734 ± 0.096
	0.799 ± 0.111

	
	C
	293 (69.8)
	
	
	
	
	
	

	　
	A*
	127 (30.2)
	　
	　
	　
	　
	　
	　

	rs1544410
	GG
	189 (86.7)
	20.9 ± 5.1
	
	0.724 ± 0.122
	0.955 ± 0.173
	0.726 ± 0.121
	0.793 ± 0.132

	
	AG
	28 (12.8)
	20.4 ± 7.6
	
	0.737 ± 0.134
	0.925 ± 0.180
	0.756 ± 0.156
	0.804 ± 0.161

	
	AA
	1 (0.5)
	18.7 ± 0.0
	
	0.488 ± 0.000
	0.804 ± 0.000
	0.488 ± 0.000
	0.647 ± 0.000

	
	G
	406 (93.1)
	
	
	
	
	
	

	
	A*
	30 (6.9)
	　
	　
	　
	　
	　
	　

	rs2239185
	GG
	111 (50.5)
	21.4 ± 4.9
	
	0.732 ± 0.121
	0.941 ± 0.173
	0.74 ± 0.126
	0.803 ± 0.136

	
	AG
	93 (42.3)
	20.0 ± 6.2
	
	0.708 ± 0.127
	0.960 ± 0.182
	0.709 ± 0.127
	0.775 ± 0.139

	
	AA
	16 (7.3)
	21.8 ± 3.3
	
	0.760 ± 0.108
	0.936 ± 0.128
	0.761 ± 0.107
	0.822 ± 0.106

	
	G
	315 (71.6)
	
	
	
	
	
	

	
	A*
	125 (28.4)
	　
	　
	　
	　
	　
	　

	rs3782905
	GG
	149 (67.4)
	20.9 ± 5.4
	
	0.733 ± 0.116
	0.957 ± 0.168
	0.738 ± 0.119
	0.803 ± 0.127

	
	CG
	68 (30.8)
	21.0 ± 5.6
	
	0.709 ± 0.140
	0.940 ± 0.181
	0.711 ± 0.141
	0.775 ± 0.153

	
	CC
	4 (1.8)
	19.2 ± 1.0
	
	0.671 ± 0.061
	0.815 ± 0.200
	0.694 ± 0.076
	0.722 ± 0.097

	
	G
	366 (82.8)
	
	
	
	
	
	

	　
	C*
	76 (17.2)
	　
	　
	　
	　
	　
	　

	Men
	　
	　
	(n=250)
	　
	 (n=251)
	(n=250)
	(n=250)
	(n=249)

	rs7975232
	CC
	119 (49.2)
	34.4 ± 5.9
	
	0.824 ± 0.138
	1.164 ± 0.225
	0.826 ± 0.136
	0.910 ± 0.149

	
	AC
	93 (38.4)
	32.6 ± 6.6
	
	0.802 ± 0.138
	1.105 ± 0.194
	0.803 ± 0.138
	0.882 ± 0.161

	
	AA
	30 (12.4)
	32.7 ± 5.3
	
	0.811 ± 0.140
	1.148 ± 0.204
	0.813 ± 0.143
	0.885 ± 0.153

	
	C
	331 (68.4)
	
	
	
	
	
	

	　
	A*
	153 (31.6)
	　
	　
	　
	　
	　
	　

	rs1544410
	GG
	220 (88.7)
	33.5 ± 6.3
	
	0.815 ± 0.137
	1.141 ± 0.212
	0.817 ± 0.136
	0.899 ± 0.154

	
	AG
	27 (10.9)
	32.9 ± 4.7
	
	0.788 ± 0.145
	1.100 ± 0.212
	0.791 ± 0.149
	0.854 ± 0.155

	
	AA
	1 (0.4)
	25.3 ± 0.0
	
	0.766 ± 0.000
	1.120 ± 0.000
	0.766 ± 0.000
	0.822 ± 0.000

	
	G
	467 (94.2)
	
	
	
	
	
	

	　
	A*
	29 (5.8)
	　
	　
	　
	　
	　
	　

	rs2239185
	GG
	120 (48.0)
	34.2 ± 6.0
	
	0.823 ± 0.138
	1.164 ± 0.225
	0.824 ± 0.136
	0.907 ± 0.150

	
	AG
	99 (39.6)
	32.6 ± 6.4
	
	0.804 ± 0.140
	1.106 ± 0.198
	0.806 ± 0.141
	0.886 ± 0.164

	
	AA
	31 (12.4)
	33.1 ± 5.6
	
	0.797 ± 0.128
	1.137 ± 0.192
	0.797 ± 0.128
	0.867 ± 0.139

	
	G
	339 (67.8)
	
	
	
	
	
	

	　
	A*
	161 (32.2)
	　
	　
	　
	　
	　
	　

	rs3782905
	GG
	186 (74.4)
	33.7 ± 6.3
	
	0.815 ± 0.133
	1.132 ± 0.198
	0.817 ± 0.132
	0.892 ± 0.147

	
	CG
	57 (22.8)
	33.0 ± 5.6
	
	0.806 ± 0.146
	1.148 ± 0.235
	0.806 ± 0.145
	0.904 ± 0.170

	
	CC
	7 (2.8)
	30.0 ± 6.9
	
	0.775 ± 0.187
	1.151 ± 0.364
	0.775 ± 0.187
	0.850 ± 0.231

	
	G
	429 (85.8)
	
	
	
	
	
	

	　
	C*
	71 (14.2)
	　
	　
	　
	　
	　
	　


Data were presented as n (%) for genotypes and alleles or mean±SD for handgrip strength and bone mineral density.
LS: lumbar spine; FN: femoral neck; TH: total hip.
*: Minor allele.
a: All P > .05 from Hardy-Weinberg Equilibrium test.
b: P < .05 for comparing with CC genotype using Bonferroni multiple comparison tests.



Table 3. Comparison of LHS, overall OST, and FN OST among the genotype, additive, dominant and recessive models.
	SNP 
	Genotype or minor allele
	LHS
	　
	Overall OST
	　
	OST at FN

	
	
	COR (95% CI)
	AOR (95% CI)a
	　
	COR (95% CI)
	AOR (95% CI)a
	　
	COR (95% CI)
	AOR (95% CI)a

	Women
	
	(n=220)
	
	(n=221)
	
	(n=219)

	Genotype model
	
	
	
	
	
	
	
	

	rs7975232c
	AC
	2.51 (1.11, 5.67)*
	2.09 (0.80, 5.51)
	
	1.14 (0.61, 2.14)
	1.01 (0.49, 2.09)
	
	1.69 (0.73, 3.88)
	1.56 (0.62, 3.90)

	
	AA
	1.30 (0.33, 5.07)
	3.19 (0.69, 14.71)
	
	0.85 (0.31, 2.37)
	0.87 (0.29, 2.63)
	
	0.75 (0.16, 3.59)
	0.92 (0.18, 4.67)

	rs1544410c
	AG
	1.25 (0.44, 3.58)
	0.98 (0.29, 3.35)
	
	1.62 (0.71, 3.68)
	1.60 (0.61, 4.21)
	
	1.86 (0.69, 5.07)
	1.80 (0.60, 5.41)

	
	AA
	－
	－
	
	－
	－
	
	－
	－

	rs2239185c
	AG
	1.96 (0.91, 4.23)
	2.02 (0.81, 5.01)
	
	1.03 (0.57, 1.86)
	0.94 (0.48, 1.86)
	
	1.82 (0.84, 3.94)
	1.78 (0.77, 4.12)

	
	AA
	1.08 (0.22, 5.28)
	3.00 (0.51, 17.49)
	
	0.75 (0.23, 2.51)
	0.89 (0.25, 3.21)
	
	0.50 (0.06, 4.08)
	0.68 (0.08, 5.90)

	rs3782905c
	CG
	0.63 (0.27, 1.47)
	0.65 (0.24, 1.78)
	
	1.64 (0.89, 3.03)
	2.02 (0.99, 4.11)
	
	2.22 (1.03, 4.78)*
	2.80 (1.19, 6.63)*

	　
	CC
	－
	－
	　
	8.46 (0.85, 83.76)
	9.30 (0.86, 100.90)
	　
	－
	－

	Additive model
	
	
	
	
	
	
	
	

	rs7975232
	A
	1.44 (0.84, 2.45)
	1.88 (0.95, 3.70)
	
	1.00 (0.64, 1.54)
	0.96 (0.59, 1.56)
	
	1.11 (0.62, 1.97)
	1.15 (0.61, 2.17)

	rs1544410
	A
	1.13 (0.42, 3.07)
	0.95 (0.29, 3.19)
	
	1.85 (0.87, 3.97)
	2.03 (0.85, 4.86)
	
	2.38 (0.99, 5.72)
	2.61 (1.00, 6.82)

	rs2239185
	A
	1.38 (0.78, 2.43)
	1.86 (0.91, 3.78)
	
	0.94 (0.59, 1.50)
	0.94 (0.56, 1.58)
	
	1.18 (0.66, 2.12)
	1.26 (0.66, 2.41)

	rs3782905
	C
	0.57 (0.25, 1.29)
	0.62 (0.23, 1.63)
	　
	1.87 (1.08, 3.22)*
	2.25 (1.20, 4.21)*
	　
	1.68 (0.85, 3.32)
	2.00 (0.95, 4.24)

	Dominant model
	
	
	
	
	
	
	
	

	rs7975232
	A
	2.21 (1.01, 4.86)*
	2.26 (0.90, 5.67)
	
	1.08 (0.60, 1.94)
	0.98 (0.50, 1.90)
	
	1.46 (0.65, 3.26)
	1.40 (0.59, 3.36)

	rs1544410
	A
	1.20 (0.42, 3.41)
	0.97 (0.28, 3.29)
	
	1.77 (0.79, 3.94)
	1.86 (0.73, 4.76)
	
	2.17 (0.84, 5.64)
	2.23 (0.78, 6.38)

	rs2239185
	A
	1.82 (0.86, 3.85)
	2.10 (0.87, 5.10)
	
	0.98 (0.55, 1.75)
	0.93 (0.49, 1.78)
	
	1.59 (0.74, 3.41)
	1.62 (0.71, 3.68)

	rs3782905
	C
	0.59 (0.25, 1.37)
	0.63 (0.23, 1.71)
	　
	1.80 (0.99, 3.27)
	2.23 (1.11, 4.46)*
	　
	2.06 (0.96, 4.42)
	2.60 (1.11, 6.13)*

	Recessive model
	
	
	
	
	
	
	
	

	rs7975232
	A
	0.81 (0.23, 2.91)
	2.27 (0.54, 9.55)
	
	0.81 (0.30, 2.15)
	0.87 (0.30, 2.53)
	
	0.58 (0.13, 2.63)
	0.76 (0.16, 3.69)

	rs1544410
	A
	－
	－
	
	－
	－
	
	－
	－

	rs2239185
	A
	0.76 (0.17, 3.52)
	2.08 (0.39, 11.15)
	
	0.75 (0.23, 2.40)
	0.91 (0.26, 3.19)
	
	0.37 (0.05, 2.89)
	0.52 (0.06, 4.27)

	rs3782905
	C
	－
	－
	　
	7.17 (0.73, 70.25)
	7.22 (0.68, 77.08)
	　
	－
	－

	Men
	
	(n=250)
	
	(n=251)
	
	(n=250)

	Genotype model
	
	
	
	
	
	
	
	

	rs7975232c
	AC
	2.26 (1.10, 4.63)*
	2.92 (1.23, 6.94)*
	
	1.68 (0.78, 3.61)
	1.77 (0.76, 4.15)
	
	2.50 (0.89, 7.05)
	2.62 (0.83, 8.23)

	
	AA
	2.50 (0.94, 6.61)
	3.63 (1.16, 11.41)*
	
	1.15 (0.35, 3.80)
	1.01 (0.26, 3.85)
	
	2.07 (0.49, 8.83)
	2.12 (0.41, 10.96)

	rs1544410c
	AG
	1.20 (0.46, 3.17)
	1.68 (0.55, 5.12)
	
	1.39 (0.49, 3.93)
	1.54 (0.45, 5.28)
	
	2.07 (0.64, 6.67)
	2.91 (0.67, 12.66)

	
	AA
	－
	－
	
	－
	－
	
	－
	－

	rs2239185c
	AG
	1.82 (0.91, 3.63)
	1.96 (0.86, 4.47)
	
	1.57 (0.73, 3.37)
	1.55 (0.67, 3.61)
	
	2.35 (0.84, 6.61)
	2.23 (0.71, 7.00)

	
	AA
	2.46 (0.97, 6.22)
	3.45 (1.15, 10.39)*
	
	1.46 (0.48, 4.41)
	1.17 (0.33, 4.11)
	
	2.79 (0.74, 10.58)
	2.91 (0.62, 13.70)

	rs3782905c
	CG
	0.85 (0.39, 1.84)
	0.84 (0.34, 2.06)
	
	0.52 (0.19, 1.41)
	0.52 (0.17, 1.54)
	
	0.34 (0.08, 1.50)
	0.31 (0.06, 1.61)

	　
	CC
	1.60 (0.30, 8.58)
	1.10 (0.15, 8.04)
	　
	2.17 (0.40, 11.7)
	2.43 (0.37, 15.89)
	　
	1.55 (0.18, 13.57)
	1.81 (0.16, 21.07)

	Additive model
	
	
	
	
	
	
	
	

	rs7975232
	A
	1.69 (1.08, 2.65)*
	2.05 (1.20, 3.51)*
	
	1.22 (0.73, 2.01)
	1.19 (0.68, 2.09)
	
	1.58 (0.85, 2.96)
	1.65 (0.80, 3.4)

	rs1544410
	A
	1.58 (0.68, 3.68)
	2.08 (0.78, 5.54)
	
	1.24 (0.46, 3.35)
	1.15 (0.38, 3.49)
	
	1.79 (0.59, 5.39)
	2.05 (0.56, 7.52)

	rs2239185
	A
	1.61 (1.04, 2.50)*
	1.88 (1.11, 3.18)*
	
	1.29 (0.78, 2.11)
	1.19 (0.68, 2.08)
	
	1.74 (0.94, 3.21)
	1.79 (0.87, 3.70)

	rs3782905
	C
	1.00 (0.54, 1.85)
	0.92 (0.45, 1.87)
	　
	0.85 (0.41, 1.76)
	0.89 (0.40, 1.96)
	　
	0.63 (0.22, 1.77)
	0.64 (0.20, 2.02)

	Dominant model
	
	
	
	
	
	
	
	

	rs7975232
	A
	2.31 (1.18, 4.56)*
	3.09 (1.37, 6.98)*
	
	1.54 (0.74, 3.20)
	1.56 (0.70, 3.49)
	
	2.40 (0.89, 6.47)
	2.50 (0.84, 7.45)

	rs1544410
	A
	1.41 (0.56, 3.52)
	1.94 (0.67, 5.64)
	
	1.33 (0.47, 3.75)
	1.35 (0.40, 4.54)
	
	1.98 (0.62, 6.37)
	2.63 (0.62, 11.21)

	rs2239185
	A
	1.96 (1.02, 3.75)*
	2.27 (1.05, 4.89)*
	
	1.54 (0.75, 3.17)
	1.45 (0.65, 3.21)
	
	2.46 (0.92, 6.56)
	2.38 (0.81, 7.01)

	rs3782905
	C
	0.92 (0.45, 1.90)
	0.87 (0.37, 2.03)
	　
	0.66 (0.28, 1.60)
	0.68 (0.26, 1.78)
	　
	0.46 (0.13, 1.60)
	0.44 (0.11, 1.79)

	Recessive model
	
	
	
	
	
	
	
	

	rs7975232
	A
	1.66 (0.69, 4.00)
	2.13 (0.76, 5.95)
	
	0.90 (0.29, 2.75)
	0.77 (0.22, 2.76)
	
	1.27 (0.35, 4.61)
	1.29 (0.29, 5.73)

	rs1544410
	A
	－
	－
	
	－
	－
	
	－
	－

	rs2239185
	A
	1.82 (0.78, 4.25)
	2.48 (0.91, 6.79)
	
	1.17 (0.42, 3.27)
	0.95 (0.29, 3.12)
	
	1.75 (0.55, 5.59)
	1.91 (0.47, 7.69)

	rs3782905
	C
	1.66 (0.31, 8.82)
	1.14 (0.16, 8.31)
	　
	2.46 (0.46, 13.19)
	2.79 (0.43, 17.97)
	　
	1.85 (0.21, 16.14)
	2.28 (0.20, 25.90)


OST: osteoporosis; COR: crude odds ratio; 95% CI: 95% condifence interval; AOR: adjusted odds ratio.
a: Adjustment of age, BMI, and physical activity.
*: P < .05.
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Figure 1. Adjusted odds ratios for low hand grip strength for 4 SNPs in the presence and absence of physical activity in women (Panels 1-4) and men (Panels 5-8). Adjusted odds ratio from model additionally considering age and BMI.
NA: not available.
*: P < .05; **: P < .01; ***: P < .001.
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Figure 2A. Significant adjusted odds ratios of overall osteoporosis (OST) as well as OST at lumbar spine (LS), and femoral neck (FN) for SNPs rs7975232 (Panels 1-3) and rs2239185 (Panels 5-7), and OST at LS for SNPs rs1544410 (Panel 4) and rs3782905 (Panel 8) in the presence and absence of physical activity in men. Adjusted odds ratios were from model additionally considering age and BMI. Interaction of rs2239185 and physical activity at LS OST in elderly men was significant (P < .05).
*: P < .05; **: P < .01; ***: P < .001.
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Figure 2B. Significant adjusted odds ratios of overall osteoporosis (OST) as well as OST at femoral neck (FN) and total hip (TH) for SNP rs3782905 (Panels 1-3) and OST at FN for SNP rs1544410 (Panel 4) in the presence and absence of physical activity in women. Adjusted odds ratios were from model additionally considering age and BMI.
*: P < .05; **: P < .01; ***: P < .001.
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