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Abstract Vitamin D receptor (VDR) plays a key role in
calcium metabolism, and is closely related to urinary stone
formation (urolithiasis). Previous studies have investigated
the associations between VDR single nucleotide polymor-
phisms (SNPs) (polymorphisms at Bsml, Apal, Fokl, or
Tagql cutting sites) and urolithiasis in different populations.
However, the results remain inconsistent and controversial.
Therefore, meta-analysis was performed to evaluate these
associations. Twenty studies that investigated the associa-
tions between VDR SNPs and urolithiasis were retrieved.
Odds ratios (ORs) with 95 % confidence intervals (Cls)
were calculated under the most appropriate genetic model.
The Tagl polymorphism was associated with an increased
risk of urolithiasis (tt + Tt vs. TT: OR = 1.253; 95 %
CI = 1.033-1.520, p = 0.022, P = 0), whereas the Apal,
Bsml, and Fokl polymorphisms were not. Stratifying for
ethnicity, a slightly increased risk was found among Asians
as compared to Whites (OR 1.263, 1.232, respectively,
p < 0.01). Deviation from Hardy—Weinberg equilibrium
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(HWE) was the major source of heterogeneity. In sum-
mary, this updated meta-analysis suggests the Tagl poly-
morphism is associated with urolithiasis risk, whereas
Bsml, Apal, and Fokl polymorphisms are not.
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Introduction

Urolithiasis is a global and multifactorial disease.
Approximately 13 % of men and 7 % of women have
suffered from urinary stones at least once in their lifetime,
and the incidence of urolithiasis continues to increase [37].
Urinary stone formation is influenced by diet, environ-
mental factors, and genetic factors [14]. The genes
responsible for heritability of urolithiasis are still not
determined; however, several genetic loci that appear to
have a minor contribution to urolithiasis have been in-
dentified, such as single nucleotide polymorphisms (SNPs)
in osteopontin (OPN) [12], calcium-sensing receptor
(CASR) [43], and vitamin D receptor (VDR) genes [44].
Among them, the VDR gene is most widely studied.

Located on chromosome 12ql12-14, the human VDR
gene encodes VDR, which belongs to the nuclear steroid
receptor superfamily. VDR regulates the biological activity
of vitamin D, a key player in calcium metabolism [35].
Patients with an excessive intake of vitamin D are more
likely to suffer from urinary stones [2]. Given that vitamin
D exerts its effects through VDR, the VDR gene is a can-
didate gene for urolithiasis.

There are many validated SNPs in the VDR gene in the
dbSNP database, but only four SNPs (located in Bsml,
Apal, Fokl, and Tagl cutting sites) have been extensively
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studied. This is likely because these four SNPs are cur-
rently the most relevant in influencing the function or
expression of VDR. Located at the translational start site of
the VDR gene, the Fokl polymorphism alters the VDR
protein sequence in f allele carriers, producing a protein
three amino acids longer and associated with a reduced
response to vitamin D in target cells [3]. For Bsml, Apal,
and Tagl polymorphisms (all located at the 3’-UTR region),
the B allele, A allele, and t allele correlate with enhanced
mRNA stability or transcriptional activity, and greater
vitamin D activity [23, 33].

In recent years, many epidemiological studies have
investigated the relationship between VDR SNPs and
urolithiasis, but the results are still controversial. To date,
only one meta-analysis, based on associations between
VDR polymorphisms and risk of urolithiasis, has been
published [19]. This meta-analysis included all studies,
with an average of 1,124 cases and 1,209 controls (pub-
lished up to September 2010), although nearly half of the
studies did not show Hardy—Weinberg equilibrium (HWE).
A marginally significant association of Fokl and Tagl
polymorphisms with urolithiasis risk was found. Unfortu-
nately, the results were insignificant when o level was
adjusted according to the Bonferroni’s method of multiple
comparisons (¢ = 0.05/3 = 0.0167) [8]. When considering
that deviation from HWE may increase the type I error rate,
and even draw a false-positive conclusion [41], their results
would be strengthened through evaluating the impact of
non-HWE studies to final results. In addition, three other
relatively large sample studies [1, 5, 44], with an average
of 552 cases and 554 controls, published in the past 3 years
merit inclusion. Therefore, a larger and more precise meta-
analysis, investigating the association of these polymor-
phisms with urolithiasis risk, was performed.

Materials and methods
Search strategy

Eligible studies were extracted via a search of PubMed,
EMBASE, Medline, and Chinese National Knowledge
Infrastructure databases (up to June 2013) using the fol-
lowing keywords: (vitamin D receptor OR VDR) AND
(polymorphisms OR SNPs OR variants) AND (urolithiasis
OR nephrolithiasis). The equivalent Chinese terms were
used in the Chinese database. The references of retrieved
articles were also searched for additional studies.

Inclusion criteria and assessment of study quality

Studies selected met the following criteria: (1) focused on
associations between at least one of these four SNPs
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(Bsml, Apal, Fokl, and Taql) and urolithiasis risk; (2)
case—control study; (3) full-text article published in Eng-
lish or Chinese; (4) reported genotype frequencies or
distributions; and (5) comprises patients and healthy
individuals; for data unavailable in relevant studies, a
direct communication with the corresponding author was
made.

The quality of studies was independently assessed by
two of the co-authors using the refined criteria (Table S1)
originally proposed by Thakkinstian et al. [39] and dis-
crepancies were resolved through discussions. Scores given
ranged from O (lowest) to 10 (highest). Reports scoring <6
were classified as low quality, and those scoring >6 were
classified as high quality.

Data extraction

Data from relevant studies are carefully and independently
extracted by two authors according to the above-mentioned
criteria. Discrepancies were resolved through discussions.
Data extracted from these articles included the name of the
first author, year of publication, country, ethnicity, geno-
typing methods, age, sample size, and numbers of various
genotypes in case and control groups.

Statistical analysis

First, we calculated OR1, OR2, and OR3 for the genotypes
according to the Ammarin Thakkinstian’s study [38]:

(a) ORI aa versus AA, OR2 Aa versus AA and OR3 aa
versus Aa for Apal;

(b) ORI ff versus FF, OR2 Ff versus FF and OR3 ff
versus Ff for Fokl,

(c) ORI tt versus TT, OR2 Tt versus TT and OR3 tt
versus Tt for Tagql;

(d) ORI bb versus BB, OR2 Bb versus BB and OR3 bb
versus Bb for Bsml.

The OR1, OR2, OR3 were used to determine the most
appropriate genetic model.

(a) If OR1 = OR3 # 1 and OR2 = 1, a recessive model
was suggested (aa vs. Aa + AA).

(b) If ORI =0OR2 # 1 and OR3 =1,
model was suggested (aa + Aa vs. AA).

(c) IfOR2 = 1/OR3 # 1 and OR1 = 1, then a complete
overdominant model suggested (aa + AA vs. Aa).

(d If ORI <OR2<1 and ORl1 <OR3 <1, or if
OR1 >0OR2>1 and OR1>OR3 >1, then a
codominant model was indicated (aa vs. Aa vs. AA).

(e) If none of the above met, we calculated the multiple
pairwise comparisons (aa vs. AA, aa vs. Aa, Aa vs.
AA).

a dominant
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HWE was assessed by the Chi-squared goodness-of-fit
test for only the control group of each study (p < 0.05 was
considered significant). The strength of the associations
between each SNPs and the risk of urolithiasis were
assessed by odds ratios (OR) and 95 % confidence intervals
(CD) under the appropriate genetic model (the significance
level was adjusted to o = 0.05/3 = 0.0167 for multiple
pairwise comparisons, whereas o = 0.05 under other
genetic models). The presence of heterogeneity between
studies was tested by the Chi-square-based Q test and I°.
The I statistic was calculated to quantify the proportion of
the total variation due to heterogeneity (I* > 30 % was
considered heterogeneous). The pooled effect was calcu-
lated by a fixed-effects model (the Mantel-Haenszel
method) when there is no heterogeneity (P <30 %) [11].
Otherwise, the random-effects model (the DerSimonian
and Laird method) was used [21]. To explore the potential
effect of heterogeneity, we performed stratification analy-
ses by ethnicity, age, and quality criteria. Furthermore, we
performed meta-regression to explore source of heteroge-
neity. The between-studies variance (12) was used to
quantify the degree of heterogeneity between studies, and
the percentage of T was used to describe the extent of
heterogeneity explained [45]. By alternately removing each
study, sensitivity analysis was performed to appraise the
stability of the final results. Begg’s funnel plot and Egger’s
test were carried out to evaluate potential publication bias.
All the statistical analyses were performed using the
STATA statistical software 12.0.

Results
Study characteristics

A flowchart of the screening process is shown in Fig. 1. A
total of 20 case—control studies were included in the meta-
analysis. Among them, 9 studies with 1,543 cases and
1,764 controls [1, 15, 25, 26, 28, 32, 34, 44], 12 studies
with 2,051 cases and 2,229 controls [1, 5-7, 10, 20, 22, 27,
28, 32, 34, 44], 11 studies with 1,290 cases and 1,836
controls [5, 15, 18, 22, 24-26, 32-34, 44], 8 studies with
1,064 cases and 1,228 controls [9, 15, 24, 26-28, 30, 44]
focused on associations between Apal, Fokl, Taql, Bsml
polymorphisms in the VDR gene and urolithiasis risk,
respectively. Table 1 presents the characteristics of the
included articles. Thirteen studies were conducted in Asian
countries, six in European countries, and one in the United
States. Most studies (12) focused on adults, whereas four
focused on children, and four did not provide data on age.
Genotyping methods included PCR-RFLP (19 studies) and
PCR single-strand conformational polymorphism (one
study).

38 records identified through
database searching

11 excluded for not VDR
polymorphism

2 excluded for not published
Yy in English or Chinese

25 full-text articles retrieved for
detail evaluation

3 excluded for cases only

1 excluded for no genotype
frequencies or distribution

1 excluded for a meta-
analysis

Y

‘ 20 articles included for analysis

12 studies for
Fokl SNP

11 studies for
Taql SNP

8 studies for
Bsml SNP

9 studies for
Apal SNP

Fig. 1 Flow diagram of search strategy in this meta-analysis

Almost half of the studies deviated from HWE
(Table 1). There is currently no consensus regarding the
inclusion of studies that deviate from HWE. Thus, a sen-
sitivity analysis was performed later to test the robustness
of the results and determine whether to exclude these
studies.

Quantitative synthesis

For the Apal polymorphism, the OR1, OR2, and OR3 were
0944 (p=0.774), 0946 (p =0.697), and 1.149
(p = 0.168), respectively. For the Fokl polymorphism,
OR1, OR2, and OR3 were 1.244 (p = 0.343), 1.590
(p = 0.028), and 0.834 (p = 0.255), respectively. Thus, no
opposite genetic model was attributed to these two SNPs.
Accordingly, multiple pairwise comparisons were applied.
For the Tagl polymorphism, OR1, OR2, and OR3 were
1.115 (p =0.497), 1217 (p =0.031), and 0.933
(p = 0.653), respectively, suggesting a dominant model.
For the Bsml polymorphism, OR1, OR2, and OR3 were
1.309 (p =0.078), 1.238 (p =0.154), and 1.075
(p = 0.663), respectively, suggesting a dominant model.

The pooled effects of Apal and Fokl polymorphisms
were calculated using the random effects model because
studies regarding these SNPs were heterogeneous. In con-
trast, pooled effects of the Tagl and Bsml polymorphisms
were calculated by the fixed-effects model (Table S2—-S4).
As confounding factors may affect the overall results,
subgroup analyses were performed according to ethnic
group, age, and quality criteria.

The meta-analysis of VDR polymorphisms and urolith-
iasis risk are presented in Table S2-S4. For the Tagl
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Table 1 Characteristics of eligible studies included in the meta-analysis

References Quality assessment Genotyping method Study location Ethnic group Case/control SNP sites
Jackman [18] 4 PCR-RFLP America N-H White 17/37 T
Ruggiero [32] 4.5 PCR-RFLP Europe White 27/150 B*

Chen [10] 5.5 PCR-RFLP Asia Asia 90/146 F

Chen [9] 6 PCR-RFLP Asia Asia 90/124 B*
Nishijima [25] 5 PCR-RFLP Japan Asia 83/83 AT
Wang [34] 6 PCR-RFLP China Asia 186/80 AF, T
Ozkaya [26] 5.5 PCR-RFLP Turkey White 64/90 A", B, T
Mossetti [24] 5.5 PCR-RFLP Italy White 220/114 B, T*
Relan [27] 7.5 PCR-RFLP India Asia 150/100 B*, F!
Rendina [28] 5 PCR-RFLP Europe White 159/124 A, B, F
Bid [7] 6 PCR-RFLP India Asia 138/166 F*

Bid [6] 7.5 PCR-RFLP India Asia 50/60 F*

Gunes [13] 6.5 PCR-RFLP Turkey White 110/150 A, BT
Liu [20] 6.5 PCR-RFLP Asia Asia 235/231 F

Seyhan [33] 7.5 PCR-RFLP Turkey White 80/40 T

Seo [32] 5.5 PCR-RFLP Korea Asia 278/535 AY FL T
Mittal [22] 6.5 PCR-RFLP India Asia 125/150 ALFLT
Basiri [5] 5.5 PCR-SSCP Iran Asia 102/107 FY, T*
Wang [44] 8 PCR-RFLP China Asia 464/450 A B FT
Kaysar [1] 5 PCR-RFLP China Asia 74/102 A, F*

A Apal, B Bsml, F Fokl, T Taql
* Studies that deviated from Hardy—Weinberg Equilibrium

polymorphism, the combined results (Fig. 2) suggested
tt + Tt carriers have an increased risk of urinary stones
(tt + Tt vs. TT: OR = 1.195; 95 % CI = 1.008-1.416,
p = 0.041). In the subgroup analyses, significant increased
risks were found in studies among Asians when compared
with Whites (OR = 1.288; 95 % CI = 1.039-1.597), in
studies in which the controls showed HWE compared with
those that did not (OR = 1.304; 95 % CI = 1.046-1.626).
As for the Fokl polymorphism, the overall results were
non-significant (Table S3). However, when stratified by
ethnic group, age, and quality criteria, child cases had a
significantly higher frequency of the ff genotype (ff vs. Ff:
OR = 2.824; 95 % CI = 1.843-4.328, p < 0.001) and
cases in non-HWE studies had a significantly higher fre-
quency of the ff genotype (ff vs. Ff: OR = 2.756; 95 %
CI = 1.418-5.357, p = 0.003). Given that all studies
among children deviated from HWE, the results were
considered unreliable, and were evaluated in the following
analyses. In addition, there was no statistical evidence of an
association between Apal and Bsml polymorphisms with
urolithiasis risk (Table S2, S4).

Meta-regression

To explore the source of heterogeneity, we performed
meta-regression according to the ethnicity, sample size,
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quality assessment score, and HWE. The results revealed
that HWE (p = 0.009), but not ethnicity (p = 0.512), and
quality assessment score (p = 0.744) contribute to the
source of heterogeneity for the Fokl polymorphism (Ff vs.
FF). Furthermore, HWE could explain 54.82 % of the
variance between studies (t2), suggesting studies where
controls did not show HWE potentially offer different
outcomes. No potential source of heterogeneity was found
for other polymorphisms.

Sensitivity meta-analysis

To evaluate the impact of each study to the combined
results and determine whether to exclude the studies that
deviated from HWE, sensitivity analyses were carried out
through removing each particular study. Among five non-
HWE studies on associations between the Tagl poly-
morphism and the risk of stones (Fig. 3), exclusion of the
Mossetti [24] and Basiri [5] studies apparent altered the
overall results, while exclusion of the Jackman [18],
Seyhan [33], and Seo [32] studies did not. Given that
deviation from HWE may alter the assumed type I error
rate, and even draw a false-positive conclusion, the
Mossetti and Basiri studies were excluded. Nevertheless,
the association between the Tagl polymorphism and
urolithiasis risk remained statistically significant (tt 4+ Tt
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Fig. 2 Forest plot of Tagl Study %
tt + Tt vs. TT genotypes and D OR(95% C1) Weight
risk of urinary stones
Jackman (1999) 1.56 (0.48, 5.10) 183
NISHIJIMAR002) —_— 1.81(0.95, 347) 560
Wang(2003) _— 1.32(0.76, 231) 877
Ozkaya(2003) ~ 117 (0.62, 223) 7.07
MOSSETTI(2003) —_—— 0.78 (0.48, 1.26) 15.61
Gunes(2006) B e — 1.35(0.81, 226) 10.45
Seyhan2007) + 0.95(0.42, 212) 501
Seo(2009) —_— 1.09 (0.66, 1.81) 1.79
Mittak2010) _— 1.57 (0.97, 253) 11.09
Basiri(2012) _— 1.43(0.83, 248) 878
Wang(2012) _— 0.91 (0.5, 148) 13.98
Overall (I-squared = 0.0%, p =0.580) <> 1.19(1.01, 142) 100.00
T T
.196 1 5.1
Fig. 3 Sensitivity analysis on Meta-analysis fixed-effects estimates (exponential form)
the association between Tagl Study ommited
tt + Tt vs. TT genotypes and Jackman (1999) 1 P IS [ |
risk of urinary stones
NISHIJIMA(2002) TSSO SO @ v |
Wang(2003) [T O v i
Ozkaya(2003) 1 ORI D] |
MOSSETTI2008) | | e TSSOSO HESRRR
Gunes(2006) Jorvrert s O e |
Seyhan(2007) [T TSSO |
S60(2008) | |t o YT |
Mittal(2010) [ TSN SO |
Basifi012) | [ O |
Wang(2012) TSN S YT A |
096 1.01 1.20 1.42 1!53

vs. TT: OR = 1.253; 95 % CI = 1.033-1.520, p = 0.022,
P =0). Notably, there was an inverse overall pooled
effect of the Fokl polymorphism through similar
approaches (Ff vs. FF: overall: OR = 0.934; 95 %
CI = 0.754-1.158, p = 0.534, > = 10.6 %), while no
significant association between the Fokl polymorphism
and urolithiasis risk among children was observed
(OR =1.968; 95 % CI =0.933-3.897, p = 0.052,
I? = 0). Similarly, no relationships to urolithiasis were
observed in the remaining polymorphisms. In addition,
heterogeneity of the included studies for each polymor-
phism had been reduced through this approach, indicating
the modified results were much more reliable than pre-
vious results.

Publication bias

Begg’s funnel plot and Egger’s test were preformed to
evaluate publication bias. The funnel plot of the Tagl
polymorphism (Figure S1) showed no apparent asymmet-
ric, and the p values of Begg’s test and Egger’s test were
0.484 and 0.851, respectively, also indicating no publica-
tion bias. The results of the remaining SNPs were similar.

Discussion

Although numerous epidemiological studies relating
VDR polymorphisms to urolithiasis have been published,
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there have been conflicting results. This is possibly
because of small sample sizes, selection bias, and
improper design. To provide more comprehensive and
reliable results, meta-analysis was performed. The pre-
vious meta-analysis by Liu et al. [19] found a marginally
significant association between Fokl and Tagl polymor-
phisms with urolithiasis risk. However, the meta-analysis
presented here suggests that Tagl polymorphisms have a
significant association with urolithiasis risk, whereas
Fokl, Apal, and Bsml polymorphisms appear unrelated
with urolithiasis risk. To the best of our knowledge, the
meta-analysis presented here is currently the largest
meta-analysis to investigate associations between these
polymorphisms and urolithiasis risk. In addition, we
adjusted o, carefully evaluated the impact of non-HWE
studies, and succeeded in reducing heterogeneity.
Therefore, the findings presented here potentially reveal
more relevant associations.

When considering the potential impact of genetic
background on the meta-analysis, subgroup analyses were
performed according to ethnicity. Our results showed an
increased risk associated with the Tagl polymorphism in
Asians, but not Whites. These differences may result from
different genetic backgrounds. In addition, the relatively
higher frequency of exposure to UVR in Asia countries
[29] may also contribute to the effects, as vitamin D is
largely derived from processes initiated by UVR exposure
[16, 36]. Gender is also a well-known risk factor for
urolithiasis. Wang et al. [44] reported that the ff Fokl
polymorphism showed significant differences in females
but not males, suggesting gender may influence the
function of the VDR. However, only two studies could be
divided into subgroups based on gender, insufficient to
establish a credible association. Thus, gender subtypes
should be noted in future studies investigating the asso-
ciation between SNPs and a susceptibility to urinary
stones.

In the present study, statistically significant heteroge-
neity was found in Fokl and Apal polymorphisms.
Deviation from HWE was determined as the main source
of heterogeneity. The HWE law states that in the
absence of forces, such as mutation and inbreeding, two
alleles (T and t, with frequencies p and q, respectively)
should be in equilibrium in a large population. Thus, the
proportion of genotypes TT, Tt, and tt should be p2,
2pq, and q2, respectively [38]. Most departures from the
HWE are due to genotyping error [17], selection bias in
controls, and population stratification [4], all issues that
would alter the assumed type I error rate and even result
in erroneous results (for example, the Fokl polymor-
phism in this study) [31, 41]. To avoid deviations from
HWE and erroneous results, we recommend the follow-
ing: (1) cases should represent the entire population of
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patients and be accurately diagnosed, (2) controls should
be unrelated healthy individuals matched for age and
gender from the same populations, (3) controls should
not be hospital-based employees or patients (even if they
do not suffer from related diseases), and (4) in studies
including different races, subgroup analyses should be
performed.

In general, two methods are available for handling
departures from HWE: excluding all non-HWE studies
and evaluating the impact of each non-HWE study by
sensitivity analyses. Given that almost half of the rele-
vant studies were not in HWE, we preferred the later
method and excluded studies that influenced the overall
results. In contrast to the previous meta-analysis per-
formed, the results here showed that the f allele of the
Fokl polymorphism is negatively associated with uro-
lithiasis risk.

Although genetic factors create a predisposition to
urolithiasis, only a few relevant genetic loci have been
identified. Recently, the results of two genome-wide
association studies (GWAS) indicated four risk suscepti-
bility loci: 21g22.13 (CLDN14) in Europeans and Japanese
[40, 42], 5935.3 (RGS14-SLC34A1-PEN3-F12), 7pl14.3
(INMT-FAM188B-AQP1) and 13q14.1 (DGKH) in Japa-
nese [42]. These studies recommended that more risk
susceptibility loci, and the molecular mechanisms of uri-
nary calculi induced by these variants, should be further
investigated.

There are some limitations in this meta-analysis. First,
due to insufficient original data on gender, age, lifestyle,
and other genetic factors, this meta-analysis was based on
unadjusted estimates that were relatively inaccurate. Sec-
ond, although environment and diet may partially con-
tribute to urinary stones and modify gene expression at
different biological levels [13], gene—gene and gene—
environment interactions could not be investigated. Thus,
additional research regarding gene-gene and gene—envi-
ronment interactions is required. Third, possible publica-
tion bias may exist because only published studies in
English and Chinese were included, although the funnel
plot showed no apparent asymmetric.

In conclusion, our meta-analysis indicates that the Tagl
tt + Tt genotype had a modest, but statistically signifi-
cant relationship to urolithiasis risk. In addition, a devi-
ation from HWE was identified as the major source of
heterogeneity. In the future, more research on other rel-
evant SNPs besides VDR (e.g., those in CLDNI14,
SLC34A1, AQP1, and DGKH) should be assessed for
their relevance and molecular mechanisms during uro-
lithiasis formation.
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