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AbsTRACT: Urolithiasis is one of the most prevalent urinary diseases worldwide. Several studies have 
reported VDR gene polymorphisms to have a contributing genetic factor in susceptibility to urolithiasis 
and suggested its possibility of being a  good candidate marker for urolithiasis. However, results across 
numerous studies centred on the relationship between the VDR gene polymorphism and urolithiasis have 
been inconclusive. Therefore, we performed a meta-analysis concerning the association between the risk of 
urolithiasis and VDR gene polymorphisms viz., ApaI, BsmI, FokI, and TaqI among the Asian population. 
A  comprehensive electronic search was conducted to identify published studies that investigates the 
relationship between four polymorphisms (ApaI, BsmI, FokI and TaqI) in the VDR gene and the risk of 
urinary stone disease using electronic databases. VDR ApaI and FokI polymorphisms were found to be 
associated with urolithiasis risk. Results from pooled analysis indicated ApaI aa genotype to be associated 
with urolithiasis compared to AA or Aa genotypes. In addition, the minor f allele of FokI variant was 
identified to be the risk allele in susceptibility to urolithiasis while F allele to be protective. Moreover, from 
the subgroup analysis, the ff genotype of FokI and aa genotype of ApaI were associated with higher risk of 
urolithiasis among the East Asian but not among the Southwest Asians.

KEy WORds: Vitamin D receptor, genetic polymorphism, SNPs, urinary stones disease, allele, genotype.

 

Original article
© by the author, licensee Polish Anthropological Association and University of Lodz, Poland
This article is an open access article distributed under the terms and conditions of the 
Creative Commons Attribution license CC-BY-NC-ND 4.0  
(https://creativecommons.org/licenses/by-nc-nd/4.0/) 
Received: 16.07.2024; Revised: 10.09.2024; Accepted: 11.09.2024

https://doi.org/10.18778/1898-6773.87.3.07
https://orcid.org/0009-0007-1799-4784
https://orcid.org/0000-0002-2914-0264
https://creativecommons.org/licenses/by-nc-nd/4.0/


98 Malvika Yumnam, Sanjenbam Yaiphaba Meitei

Introduction

Urolithiasis is one of the most preva-
lent urinary diseases worldwide, causing 
a huge burden on healthcare systems. It 
is a complex disease that may result from 
various factors, such as environment, diet, 
age, genetic factors, metabolic disorders 
(Fallahzadeh et al. 2012). Urolithiasis is 
characterized by a high recurrence rate and 
its incidence continues to increase (Lee et 
al. 2002). Gene polymorphism has been 
reported to be an important factor associ-
ated with the disorder. A growing amount 
of epidemiological studies have highlight-
ed the allelic variation in the Vitamin D 
Receptor (VDR) gene to be involved in the 
urinary stone disease.

The human VDR, which is a member 
of the steroid receptor family, is a product 
of a single gene and is located on chromo-
some 12 at 12q13-14, and it comprises 
11 exons that, together with intervening 
8 introns, span approximately 75 kb (Ara-
babadi et al. 2011; Labuda et al. 1992; 
Miyamoto et al. 1997). Single nucleo-
tide polymorphisms (SNPs) of the VDR 
gene, commonly ApaI (rs7975232), BsmI 
(rs1544410), FokI (rs2228570) and TaqI 
(rs731236) have been intensively studied 
to investigate associations between these 
poly morphisms and the risk of urolithiasis 
as they have been hypothesized to influence 
the expression and/or function of the VDR 
protein (Subaşı et al. 2017). These are the 
restriction enzymes widely used to study 
the VDR gene polymorphism. Among the 
four VDR variants, three of them (ApaI, 
BsmI and TaqI) occur in the intron sec-
tions, while only the FokI variant changes 
the codon (González-Castro et al. 2019; 
Ou et al. 2014), located at the translational 
start site of exon 2 of the VDR gene, has 
been reported to alter the VDR protein se-
quence and associated with a  reduced re-

sponse to vitamin D in target cells (Arai 
et al. 1997). Whereas, the SNPs ApaI and 
BsmI located in exon 8 and TaqI in exon 
9 have also been proven to enhance mes-
senger RNA (mRNA) stability or transcrip-
tional activity, and therefore they may lead 
to an increase in vitamin D activity (Mor-
rison et al. 1994). Several investigations 
have observed VDR gene polymorphisms 
to have a contributing genetic factor in sus-
ceptibility to urolithiasis and suggested its 
possibility of being a good candidate mark-
er for urolithiasis (Bid et al. 2005; Chen et 
al. 2001a; Jawad and Awad 2020). In this 
light, a  well-established genetic marker 
would have a profound influence in screen-
ing and preventing urolithiasis. However, 
results across numerous studies centred 
on the relationship between the VDR gene 
polymorphism and urolithiasis have been 
inconclusive.

Previous meta-analyses (Imani et al. 
2020; Lin et al. 2011; Yang et al. 2019; 
Zhou et al. 2013) studied the Asian pop-
ulation as a subgroup and their conflicting 
results could have been due to the ethnic di-
versity across the region. Hence, our study 
aims to perform a meta-analysis looking at 
the the association between the risk of uro-
lithiasis and VDR gene polymorphisms, 
viz., ApaI, BsmI, FokI, and TaqI among the 
Asian population specifically, and to fur-
ther analyze by stratifying them based on 
regional variation into East Asians and the 
Southwest Asians. The present meta-anal-
ysis is expected to provide a better under-
standing and may clarify the association 
between the VDR gene polymorphism and 
urolithiasis among the Asian populations.

Materials and Methods

Search strategy: A  comprehensive elec-
tronic search was conducted (from 
December 2023 upto March 2023) to 
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identify all published studies that have 
investigated the relationship between 
four polymorphisms (ApaI, BsmI, FokI 
and TaqI) in the VDR gene and the risk 
of urinary stone disease. Three electronic 
databases, Science Direct, PubMed and 
Google Scholar, were searched. The data-
bases were searched using the combina-
tion of the following keywords: ‘Urolith-
iasis’, ‘Nephrolithiasis’, ‘Kidney stones’, 
‘VDR gene polymorphism’, ‘SNP’.

Selection criteria
Inclusion criteria: (1) The data supplied 
the frequency of each genotype or the raw 
data for computing the frequency of each 
genotype, which could calculate odd ra-
tios and 95% confidence intervals (CIs). 
(2) Studies documenting the link between 
VDR polymorphisms and urolithiasis 
susceptibility. (3) Case-control studies

Exclusion criteria: (1) Studies with 
preliminary results not on VDR BsmI, 
Fok1, TaqI and ApaI gene polymorphism 
or outcome. (2) Duplicate data, case re-
ports, book chapters, reviews, letters, and 
articles with no full text or detailed data 
were excluded. There was a  language 
limit, and studies not available in Eng-
lish were excluded.

Data extraction and synthesis
Two investigators independently screened 
the literature search and retrieved the ti-
tles, abstracts, and full texts of articles that 
matched the search terms. Then, the 
same authors cross checked the selections 
made and any disagreement between the 
authors were resolved by consensus. 
The first author’s name, journal and year 
of publication, country of origin, ethnicity, 
mean or range of age, and total sample size 
of cases and controls and for each gender 
separately, the VDR variant studied and 
genotype frequencies were extracted. The 

Newcastle-Ottawa Scale (NOS) was ap-
plied to assess the quality of relevant arti-
cles. The NOS evaluation criteria included 
three aspects: selection of research sub-
jects (4 points), comparability of research 
subjects (2 points) and risk factor exposure 
(3 points) consisting of of nine points in 
total. The total score of each article could 
be rated from 0 (lowest) to 9 (highest). The 
quality of the article was considered to be 
low if the score was less than 5 points and 
high if the score was more than or equal 
to 5 points (Luchini et al. 2017). Quality 
assesments were performed by the two au-
thors independently and any discrepancies 
in the evaluations were resolved by dis-
cussion or by the assistance of a third re-
searcher if needed. 

Statistical analysis
The association between the risk of uro-
lithiasis and the gene polymorphisms 
of VDR ApaI, BsmI, FokI, and TaqI was 
determined by the calculation of pooled 
odds ratios (OR) and 95% confidence in-
tervals (CI). For pooled OR to be statis-
tically significant, p<0.05 was required. 
Between studies heterogeneity was esti-
mated using Cochrane’s Q test, signifi-
cant at p<0.05. Besides, I2 was used to 
quantitatively report the heterogeneity 
among the included studies. In absence 
of heterogeneity, the pooled statistic was 
performed using the fixed effects model, 
but a random effects model was conduct-
ed when the p-value of the heterogeneity 
test was <0.10. All data were analyzed 
using Metagenyo (Martorell-Marugan 
et al. 2017) to calculate the available 
data from each study. Seven statistical 
models were applied in this meta-anal-
ysis, viz. Allelic model which compares 
the minor allele to major allele (ApaI 
a vs. A; BsmI b vs. B; FokI f vs. F and 
Taq t vs. T); Recessive model (ApaI aa 
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vs. AA+Aa; BsmI bb vs. BB+Bb; FokI 
ff vs. FF+Ff; and TaqI tt vs. TT+Tt), 
Dominant model (ApaI Aa+aa vs. AA; 
BsmI Bb+bb vs. BB; FokI Ff+ff vs. FF; 
and TaqI Tt+tt vs. TT), Over-dominant 
model (ApaI Aa vs. aa+AA; BsmI Bb vs. 
bb+BB; FokI Ff vs. ff+FF and TaqI Tt vs. 
tt+TT), and three pair-wise comparison 
models viz. Homozygous model (ApaI 
aa vs. AA, BsmI bb vs. BB, FokI ff vs. FF, 
and TaqI tt vs. TT), heterozygous model 
(ApaI Aa vs. AA, BsmI Bb vs. BB, FokI 
Ff vs, FF and TaqI Tt vs.TT) and minor 
allele homozygote versus heterozygote 
model (Apa aa vs. Aa, BsmI bb vs. Bb, 
FokI ff vs. Ff and TaqI tt vs. Tt). In ad-
dition, subgroups based on the region in 
Asia, viz., East Asia and Southwest Asia 
were stratified.

We used Egger’s test for an objective 
evaluation of the publication bias. If the 
P-value of Egger’s test is greater than 0.05 
and the funnel plot is symmetrical, it can 
be considered that there is no significant 
evidence of publication bias. We also per-
formed a  sensitivity analysis to assess 
whether individual studies affected the 
overall results by leave one out method. 
The analysis is repeated after removing 
one study each time, and it was found 
that the combined odds ratio (OR) of the 
remaining studies was within the 95% CI 
in the meta-analysis. The results showed 
that the combined OR of this meta-anal-
ysis had good stability.

Results

Study characteristics: Figure 1 outlines 
the study selection process. A  total of 
1362 articles were identified after the in-
itial search from the electronic databases. 
After an initial screening of titles and ab-
stracts using inclusion and exclusion cri-
teria, 29 studies were identified for full-

text review, and 17 articles were included 
in quantitative analysis.

    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 

  

1362 articles 
identified 
through database 
searching 

Animal studies, 
not case control 
studies, reviews 
and meta-
analysis 
removed= 585 

17 full text 
articles on Asian 
population 
included in the 
meta-analysis 

Potential 29 full 
text articles 
assessed for 
eligibility 

12 studies 
removed after 
population 
assessment 

614 records 
screened 

Duplicates and 
irrelevant studies 
removed= 748 

Fig. 1. Flowchart illustrating the study selection 
process

A total of 17 aticles reporting the rela-
tionship between VDR ApaI, BsmI, FokI, 
and TaqI gene variants and urolithiasis 
susceptibility were recruited through the 
search strategy. The required  data from 
these studies were extracted (Tab.  1). 
Of these 17 articles, 6 articles studied 
the ApaI (rs7975232) variant, 4 arti-
cles for BsmI (rs1544410) variant, 11 ar-
ticles for FokI (rs2228570) variant, and 
10 articles for TaqI (rs731236) variant. 
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Table 1. Characteristics of studies included in the meta analysis

Reference
Age 

group
Stone  

composition
VDR 

polymorphic site
Cases Controls NOS

Amar et al., (2020) NA NA BsmI,FokI, TaqI, 235 243 7

Bid et al., (2005a) Adult Calcium oxalate FokI 138 166 6

Bid et al., (2005b) Children NA FokI 50 60 8

Chen et al., (2001a) Adult Calcium oxalate FokI 146 90 5

Chen et al., (2001b) Adult Calcium oxalate BsmI 124 90 4

Guha et al., (2015) Adult Calcium Stones FokI, TaqI 200 200 8

Huang et al., (2019) Children NA FokI 142 238 7

Jawad & Awad, (2020) All Calcium Stones TaqI 204 127 5

Liu et al., (2007) Adult Calcium Stones FokI 235 231 8

Mittal et al., (2010) Adult NA ApaI,FokI, TaqI 125 150 7

Nishijima et al., (2002) Adult Calcium Stones ApaI, TaqI 83 86 6

Parvaresh et al., (2022) Children Calcium Stones TaqI 90 90 7

Seo et al., (2010) Adult
Calcium Stones 

(major)
ApaI,FokI, TaqI 273 525 7

Relan et al., (2004) Adult
Calcium oxalate 

(major)
BsmI, FokI 150 100 7

Shaogang et al., (2003) Adult Calcium oxalate ApaI,FokI, TaqI 150 80 6

Wang et al., (2012) Adult Calcium Stones
ApaI,BsmI, FokI, 

TaqI
464 450 8

Yang et al., (2019) Adult Calcium oxalate ApaI, TaqI 943 975 8

NOS: New Castle Ottawa Scale
NA: Not available

Association of VDR ApaI gene 
polymorphism with urolithiasis

Six studies associating VDR ApaI gene 
polymorphism and urolithiasis risk were 
identified from the literature search. 
A total of 2074 cases and 2263 controls 
were included in our analysis. Between 
studies heterogeneity was detected in 
the allelic model and homozygous mod-
el but not in the dominant, recessive, 
over-dominant model and heterozygous 
model. In the pooled OR from overall 
studies, the ApaI variant showed no 
significant associations in any of the 
genetic models: allelic model (a  vs. A: 

OR=1.04, 95% CI 0.89-1.23), dominant 
model (Aa+aa vs. AA: OR=1.06, 95% 
CI 0.89-1.26), recessive model (aa vs. 
AA+Aa: OR=1.14, 95% CI 1.00-1.30), 
over-dominant model (Aa vs. AA+aa: 
OR=0.91, 95% CI 0.81-1.03), homozy-
gous model (aa vs. AA: OR=1.07, 95% 
CI 0.74-1.56), heterozygous model (Aa 
vs. AA: OR=1.00, 95% CI 0.83-1.21) 
or minor allele homozygote versus het-
erozygote model (aa vs. Aa: OR=1.14, 
95% CI 0.99-1.30)  (Tab. 2, Fig. 2). How-
ever, in the subgroup analysis, a  signif-
icant association was found among the 
East Asian in the recessive model (aa vs. 
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AA+ Aa: OR=1.17, 95% CI 1.00-1.30) 
and pairwise minor allele homozygote 
versus heterzygote model (aa vs. Aa: 
OR=1.16, 95% CI 1.01-1.34) but not 

among the Southwest Asian. Funnel plot 
and Egger ’s test were used to detect pub-
lication bias. However, publication bias 
was not detected (p>0.05).

Table 2. Association analysis for ApaI variant with urolithiasis

ApaI Genetic 
contrasts

Subgroup
No. of 
studies

Q test 
P value

Model  
selected

OR (95% CI) p value
Egger’s 
p value

a vs. A Overall 6 0.04 Random 1.04 (0.89-1.23) 0.60 0.24

East Asian 5 0.02 Random 1.05 (0.87-1.26) 0.60 0.34

Southwest Asian 1 - Fixed 0.97 (0.69-1.37) 0.86 -

aa vs AA+Aa Overall 6 0.07 Random 1.10 (0.88-1.38) 0.40 0.41

East Asian 5 0.11 Fixed 1.17 (1.02-1.33) 0.02 0.75

Southwest Asian 1 - Fixed 0.62 (0.29-1.30) 0.21 -

Aa+aa vs. 
AA

Overall 6 0.07 Random 1.04 (0.79-1.38) 0.76 0.58

East Asian 5 0.04 Random 1.00 (0.72-1.41) 0.96 0.59

Southwest Asian 1 - Fixed 1.17 (0.0.71-1.92) 0.54 -

Aa vs. 
AA+aa

Overall 6 0.35 Fixed 0.91 (0.81-1.03) 0.14 0.79

East Asian 5 0.73 Fixed 0.88 (0.78-1.00) 0.06 0.52

Southwest Asian 1 - Fixed 1.42 (0.88-2.28) 0.15 -

aa vs. AA Overall 6 0.03 Random 1.07 (0.74-1.56) 0.71 0.15

East Asian 5 0.03 Random 1.13 (0.76-1.70) 0.54 0.28

Southwest Asian 1 - Fixed 0.72 (0.32-1.62) 0.43 -

aa vs. Aa Overall 6 0.12 Fixed 1.14 (0.99-1.30) 0.07 0.64

East Asian 5 0.26 Fixed 1.16 (1.01-1.34) 0.03 0.83

Southwest Asian 1 - Fixed 0.55 (0.25-1.20) 0.14 -

Aa vs. AA Overall 6 0.14 Fixed 1.00 (0.83-1.21) 0.98 0.71

East Asian 5 0.13 Fixed 0.96 (0.78-1.18) 0.71 0.62

Southwest Asian 1 - Fixed 1.31 (0.78-2.19) 0.31 -

Fig. 2. Association analysis of ApaI variant with urolithiasisna
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Association of VDR BsmI gene 
polymorphism with urolithiasis

A total of 4 papers consisting of 959 cases 
and 870 controls were included to deter-
mine the correlation between BsmI and 
the risk of urolithiasis. Between studies 
heterogeneity was not detected. From 
the pooled OR in this meta-analysis we 
observed that the BsmI variant had no 
association with urolithiasis risk in the 
allelic comparison (b vs. B: OR=1.13, 
95% CI 0.95-1.35), dominant model 
(Bb+bb vs. BB: OR=1.17, 95% CI 0.85-
1.61), recessive model (bb vs. BB+Bb: 
OR=1.16, 95% CI 0.91-1.47), over-dom-

inant model (Bb vs. BB+bb: OR=0.95, 
95% CI 0.75-1.19), homozygous model 
(bb vs. BB: OR=1.23, 95% CI 0.83-1.81), 
minor allele homozygote versus heter-
zygote model (bb vs. Bb: OR=1.13, 95% 
CI 0.88-1.45) or heterozygous model (Bb 
vs. BB: OR=1.12, 95% CI 0.79-1.60) 
(Tab. 3). Moreover, subgroup analysis 
also rejected any significant association 
between VDR BsmI variant with uro-
lithiasis under any genetic model in East 
and Southwest Asian. Funnel plot and 
Egger’s test were performed to estimate 
the publication bias, and no publication 
bias was observed (p>0.05).

Table 3. Association analysis for BsmI variant with urolithiasis

BsmI Genetic 
contrasts

Subroup
No. of 
studies

Q test 
P value

Model 
selected

OR (95% CI) p value
Egger’s 
p value

b vs. B Overall 4 0.66 Fixed 1.13 (0.95-1.35) 1.16 0.60

East Asian 2 0.60 Fixed 1.02 (0.75-1.39) 0.88 -

Southwest Asian 2 0.41 Fixed 1.19 (0.96-1.47) 0.11 -

bb vs. BB+Bb Overall 4 0.86 Fixed 1.16 (0.91-1.47) 0.23 0.63

East Asian 2 0.88 Fixed 1.08 (0.76-1.54) 0.65 -

Southwest Asian 2 0.48 Fixed 1.23 (0.88-1.70) 0.22 -

Bb+bb vs. BB Overall 4 0.22 Fixed 1.17 (0.85-1.61) 0.33 0.62

East Asian 2 0.85 Fixed 0.80 (0.38-1.69) 0.56 -

Southwest Asian 2 0.07 Random 1.30 (0.69-2.44) 0.41 -

Bb vs. BB+bb Overall 4 0.07 Random 0.99 (0.68-1.45) 0.96 0.69

East Asian 2 0.80 Fixed 0.89 (0.63-1.24) 0.48 -

Southwest Asian 2 0.01 Random 1.14 (0.49-2.68) 0.76 -

bb vs. BB Overall 4 0.84 Fixed 1.23 (0.83-1.81) 0.31 0.30

East Asian 2 0.80 Fixed 0.83 (0.26-2.66) 0.76 -

Southwest Asian 2 0.58 Fixed 1.29 (0.85-1.94) 0.23 -

bb vs. Bb Overall 4 0.39 Fixed 1.13 (0.88-1.45) 0.35 0.69

East Asian 2 0.93 Fixed 1.11 (0.78-1.59) 0.56 -

Southwest Asian 2 0.08 Random 1.03 (0.53-2.04) 0.92 -

Bb vs. BB Overall 4 0.09 Random 1.09 (0.61-1.97) 0.77 0.77

East Asian 2 0.83 Fixed 0.75 (0.32-1.74) 0.50 -

Southwest Asian 2 0.02 Random 1.31 (0.53-3.27) 0.56 -
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Association of VDR FokI gene 
polymorphism with urolithiasis

For the association between FokI poly-
morphism of VDR gene and the risk of 
urolithiasis, a  total of 11 papers con-
sisting of 2143 cases and 2454 controls 
were included in our analysis. Hetero-
geneity between the studies was detect-
ed in the allelic, dominant, over-domi-
nant and heterozygous models. The ff 
genotype of the FokI recessive model 
presented a  significantly higher risk of 
urolithiasis by 1.27 fold (ff vs. FF+Ff: 
OR=1.27, 95% CI 1.07-1.51), by 1.24 
fold in the homozygous model (ff vs. FF: 
OR=1.24, 95% CI 1.02-1.52) and by 
1.26 fold in the minor allele homozy-

gote versus heterzygote model (ff vs. Ff: 
OR=1.26, 95% CI 1.04-1.51) (Tab. 4, 
Fig. 3, 4 and 5). However, the allelic (f vs. 
F: OR= 1.06, 95% CI 0.88-1.28), dom-
inant (Ff+ff vs. FF: OR= 1.01, 95% CI 
0.72-1.40), over-dominant (Ff vs. FF+ff: 
OR= 0.88, 95% CI 0.64-1.22) and het-
erozygous model (Ff vs. FF: OR= 0.96, 
95% CI 0.68-1.35) showed no signifi-
cant association. In the subgroup anal-
ysis ff genotype among the East Asian 
are found to have 1.32 fold significantly 
higher urolithiasis risk than Ff genotype 
(OR=1.32, 95% CI 1.08-1.60). Egger ’s 
test was performed to estimate the pub-
lication bias. Publication bias was not 
observed (p>0.05). 

Table 4. Association analysis for FokI variant with urolithiasis

FokI Genetic 
contrasts

Subgroup
No. of 
stud-
ies

Q test 
P 

value

Model 
selected

OR (95% CI) p value
Egger’s  
p value

f vs. F Overall 11 0.00 Random 1.06 (0.88-1.28) 0.51 0.54

East Asian 6 0.01 Random 1.13 (0.92-1.38) 0.24 0.82

Southwest Asian 5 0.00 Random 0.96 (0.65-1.41) 0.83 0.33

ff vs. FF+Ff Overall 11 0.11 Fixed 1.27 (1.07-1.51) 0.01 0.52

East Asian 6 0.06 Random 1.32 (0.99-1.77) 0.06 0.91

Southwest Asian 5 0.55 Fixed 0.90 (0.52-1.55) 0.70 0.65

Ff+ff vs. FF Overall 11 0.00 Random 1.01 (0.72-1.40) 0.97 0.54

East Asian 6 0.06 Random 1.06 (0.82-1.36) 0.66 0.73

Southwest Asian 5 0.00 Random 0.88 (0.40-1.93) 0.74 0.38

Ff vs. FF+ff Overall 11 0.00 Random 0.88 (0.64-1.22) 0.45 0.48

East Asian 6 0.49 Fixed 0.87 (0.76-1.01) 0.07 0.46

Southwest Asian 5 0.00 Random 0.88 (0.38-2.03) 0.77 0.36

ff vs. FF Overall 11 0.15 Fixed 1.24 (1.02-1.52) 0.03 0.50

East Asian 6 0.02 Random 1.29 (0.89-1.88) 0.18 0.97

Southwest Asian 5 0.97 Fixed 0.94 (0.54-1.65) 0.84 0.68

ff vs. Ff Overall 11 0.10 Fixed 1.26 (1.04-1.51) 0.02 0.59

East Asian 6 0.21 Fixed 1.32 (1.08-1.60) 0.01 0.94

Southwest Asian 5 0.17 Fixed 0.83 (0.47-1.46) 0.53 0.53

Ff vs. FF Overall 11 0.00 Random 0.96 (0.68-1.35) 0.80 0.47

East Asian 6 0.28 Fixed 0.98 (0.84-1.16) 0.79 0.90

Southwest Asian 5 0.00 Random 0.88 (0.38-2.02) 0.76 0.36
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Fig. 3. FokI ff vs. FF+Ff forest plot

Fig. 4. FokI ff vs. FF forest plot

Fig. 5. FokI ff vs. Ff forest plot
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Association of VDR TaqI gene 
polymorphism with urolithiasis

Ten studies associating VDR TaqI gene 
polymorphism and urolithiasis risk were 
included in our analysis comprising of 
a total of 2811 cases and 2920 controls. 
Between studies heterogeneity were de-
tected in the dominant, overdominant 
and heterogyzous model. The pooled OR 
from this meta-analysis showed no sig-
nificant association of the TaqI variant 
with urolithiasis risk in the allelic com-

parison (t vs. T: OR=1.09, 95% CI 0.97-
1.23), dominant model (Tt+tt vs. TT: 
OR=1.09, 95% CI 0.86 -1.37), recessive 
model (tt vs. TT+Tt: OR=1.47, 95% 
CI 1.09-2.00), over-dominant model 
(Tt vs. TT+tt: OR=0.97, 95% CI 0.78-
1.20), homozygous model (tt vs. TT: 
OR=1.48, 95% CI 1.07-2.04), pairwise 
minor allele homozygote versus hete-
rozygote model (tt vs. Tt: OR=1.47, 95% 
CI 1.07-2.03) or heterozygous model  
(Tab.  5: Tt  vs. TT: OR=1.03, 95% CI 
0.81-1.31).

Table 5. Association analysis for TaqI variant with urolithiasis

TaqI Genetic 
contrasts

Subgroup
No. of 
studies

Q test 
P value

Model 
selected

OR (95% CI) p value
Egger’s 
p value

t vs. T Overall 10 0.08 Random 1.09 (0.93-1.26) 0.29 0.05

East Asian 5 0.36 Fixed 1.08 (0.91-1.32) 0.38 0.11

Southwest Asian 5 0.03 Random 1.14 (0.83-1.55) 0.56 0.25

tt vs. TT+Tt Overall 10 0.20 Fixed 1.47 (1.09-2.00) 0.34 0.29

East Asian 5 0.74 Fixed 1.12 (0.63-2.01) 0.70 0.93

Southwest Asian 5 0.04 Random 1.63 (1.14-2.34) 0.25 0.02

Tt+tt vs. TT Overall 10 0.03 Random 1.09 (0.86-1.37) 0.40 0.06

East Asian 5 0.38 Fixed 1.09 (0.89- 1.33) 0.40 0.03

Southwest Asian 5 0.01 Random 1.03 (0.64-1.67) 0.78 0.34

Tt vs. TT+tt Overall 10 0.01 Random 0.97 (0.78-1.20) 0.76 0.33

East Asian 5 0.61 Fixed 1.07 (0.88-1.31) 0.49 0.01

Southwest Asian 5 0.00 Random 0.81 (0.54-1.22) 0.84 0.82

tt vs. TT Overall 10 0.44 Fixed 1.48 (1.07-2.04) 0.09 0.51

East Asia 5 0.66 Fixed 1.24 (0.67-2.28) 0.49 0.96

Southwest Asia 5 0.16 Fixed 1.58 (1.08-2.31) 0.12 0.10

tt vs. Tt Overall 10 0.07 Random 1.19 (0.80-1.78) 0.39 0.42

East Asia 5 0.83 Fixed 1.00 (0.54-1.83) 0.99 0.93

Southwest Asia 5 0.01 Random 1.71 (1.17-2.51) 0.35 0.06

Tt vs. TT Overall 10 0.01 Random 1.03 (0.81-1.31) 0.52 0.12

East Asian 5 0.49 Fixed 1.09 (0.89-1.33) 0.43 0.01

Southwest Asian 5 0.00 Random 0.91 (0.55-1.51 0.92 0.36

Additionally, the subgroup analysis 
also indicated no signgificant associa-
tion of urolithiasis risk with TaqI variant 

among the East and Southwest Asian 
subgroup. Publication bias (p<0.05) was 
detected among the East Asian subgroup 
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in the dominant model, over-dominant 
model and heterozygous model and in 
the recessive model among the South-
west Asian subgroup.

Sensitivity Analysis and Potential 
Publication Bias

Several sensitivity tests were performed 
to evaluate the robustness of our find-
ings by sequentially removing one study 
in turn. The analysis is repeated ex-
cluding one study each time in order to 
visualize if any study has a significantly 
greater contribution to overall statistics 
than the other studies. However, the 

pooled ORs of the significantly associ-
ated genetic models were not substan-
tially altered and was within the 95% 
CI, indicating that no single study in-
fluenced the stability of the results ob-
tained in this meta-analysis (Fig. 6, 7, 
8, and 9). Egger ’s test with p value of 
<0.05 defined as having potential publi-
cation bias was used to evaluate poten-
tial publication bias. However, in this 
meta-analysis, except for TaqI polymor-
phism, no publication bias was observed 
both in overall and subgroup analyses. 
The funnel plots of the significantly as-
sociated genetic models also shows to be 
symmetrical (Fig. 10, 11, 12 and 13).

Fig. 6. Apa aa vs. AA+Aa sensitivity plot

Fig. 7. FokI ff vs. FF+Ff sensitivity plot
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Fig. 8. FokI ff vs. FF sensitivity plot

Fig. 9. FokI ff vs. Ff sensitivity plot

Fig. 10. ApaI aa vs. AA+Aa funnel plot
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Fig. 11. FokI ff vs. FF+Ff funnel plot

Fig. 12. FokI ff vs. FF funnel plot

Fig. 13. FokI ff vs.Ff funnel plot
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Discussion

In this meta-analysis, a total of 17 arti-
cles reporting the relationship between 
VDR ApaI, BsmI, FokI, and TaqI gene 
variants and urolithiasis susceptibility 
in the Asian population were analyzed. 
In addition to the earlier allelic, reces-
sive, dominant, over-dominant, pair-
wise homozygous and heterozygous ge-
netic models, one new pair-wise genetic 
model, which compares minor allele ho-
mozygote to the heterozygote (aa vs. Aa; 
bb vs. Bb; ff vs. Ff; tt vs. Tt), has been in-
cluded in this meta-analysis. The results 
of the pooled analysis revealed that VDR 
gene polymorphism was significantly 
associated with urolithiasis risk in the 
Asian population. Six studies were in-
cluded for evaluating the association of 
ApaI variant, with urolithiasis risk, and 
was found that ApaI aa genotype had 
a 1.17 fold increased risk of urolithiasis 
in the recessive model (aa vs. AA+Aa: 
OR=1.17, 95% CI 1.02-1.33) and 1.16 
fold increased risk in the pair-wise aa 
vs. Aa model (OR=1.16, 95% CI 1.01-
1.34) among the East Asian population 
but not among the Southwest Asian. 
Similar findings of positive significant 
association of ApaI polymorphism with 
urolithiasis risk in the East-Asians has 
also been reported by Imani et al. (2020), 
where the ‘a’ allele showed a significant 
association with a  higher urolithiasis 
risk compared to A allele. According to 
their result, the aa genotype in reces-
sive model had a higher risk of urolith-
iasis compared to AA and Aa genotypes 
(OR=1.20, 95% CI 1.05-1.37, p<0.001), 
a allele in allelic model had 1.15 fold in-
creased risk of urolithiasis (OR=1.15, 
95% CI 1.05-1.26, p<0.001) and aa gen-
otype in the homozygous mode was at 
1.40 fold higher risk of urolithiasis than 

AA genotype (OR=1.40, 95% CI 1.12-
1.75, p <0.001). However, our finding is 
in contrast with Zhang et al. (2013), in 
which the AA or Aa genotypes of ApaI 
variant to have been reported to have an 
increased risk compare to aa genotype. 
This contrasting finding could have 
arised due to difference in number of 
studies included as we had language re-
stricition and included only those stud-
ies available in English.

The outcome of this meta-analysis 
showed no significant association of BsmI 
polymorphism with urolithiasis risk 
across all the seven genetic models: allelic 
(OR=1.13, 95% CI 0.95-1.35), dominant 
model (OR=1.17, 95% CI 0.85-1.61), re-
cessive model (OR=1.16, 95% CI 0.0.91-
1.47), over-dominant model (OR=0.95, 
95% CI 0.75-1.19), homozygous model 
(OR=1.23, 95% CI 0.83-1.81), minor 
allele homozygote versus heterozygote 
model (OR=1.13, 95% CI 0.88-1.45) or 
heterozygous model (OR=1.12, 95% CI 
0.79-1.60). The subgroup analysis also 
did not show any association of BsmI var-
iant with urolithiasis in the East Asian 
and the Southwest Asian subgroup. How-
ever, the results are less robust since there 
is an inadequate number of a  primary 
study included in this meta-analysis. 
Nonetheless, the insignificant associa-
tion between BsmI variant and urolithia-
sis risk are still consistent with other me-
ta-analysis (Chen et al. 2020; Daryanto 
et al. 2020; González-Castro et al. 2019; 
Imani et al. 2020; Lin et al. 2011; Zhang 
et al. 2013). According to the literature, 
the minor f allele of the FokI variant in-
troduces a start codon leading to a three 
amino acid longer VDR protein (Gross 
et al. 1998),which in turn influences 
the VDR protein activity and results in 
less effective transcriptional activator 
(Cakir et al. 2016; Dastani et al. 2013). 
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How ever, from our analysis, the overall 
finding of the FokI variant reported ff 
genotype in the recessive model presents  
a higher risk of urolithiasis by 1.27 fold 
(ff  vs. FF+Ff: OR=1.27, 95% CI 1.07-
1.51), by 1.24 fold in the homozygous 
model (ff vs. FF OR=1.24, 95% CI 1.02-
1.52) and by 1.26 fold in the minor al-
lele homozygote versus the heterozygote 
model (ff vs. Ff: OR=1.26, 95% CI 1.04-
1.51) suggesting a protective association 
of F over f allele. Moreover, subgroup 
analysis also revealed ff genotype to be 
at 1.32 fold increased risk of urolithiasis 
than Ff genotype (ff vs. Ff: OR=1.32, 95% 
CI 1.08-1.60) among the east Asian pop-
ulation. Previous meta-analysis had also 
reported the ff+Ff genotype in the domi-
nant genetic model and f allele presented 
with a marginally positive relationship to 
susceptibility for urolithiasis in the Asian 
subgroup (Lin et al. 2011). On the other 
hand, Zhou et al. (2015) found FF gen-
otype is associated with increased urine 
calcium levels in urolithiasis but not 
with ff or Ff genotypes. However, asso-
ciation of FokI variant with urolithiasis 
risk among Asians has been conflicting 
as number of studies rejected any signifi-
cant association (Chen et al. 2020; Imani 
et al. 2020; Yang et al. 2019; Zhang et al. 
2013).

As per literature, the TaqI variant 
does not modify the VDR protein struc-
ture but can influence the translation 
efficiency and/or stability of the RNA, 
which might in turn affect the develop-
ment of urolithiasis (Jurutka et al. 2001; 
Uitterlinden et al. 2004). Furthermore, 
it has also been found that individuals 
with tt genotype had significantly higher 
VDR mRNA levels compared to those 
with TT genotype (Carling et al. 1998), 
which suggests that the t allele has an 
increased susceptibility. However, from 

our analysis, the TaqI polymorphism 
was not found to be associated with 
urolithiasis risk among the Asian pop-
ulation under any of the genetic models 
considered. Further, subgroup analysis 
also did not result in any significant as-
sociations. However, earlier meta-anal-
ysis by Yang et al. (2019) reported that 
TaqI polymorphism of the VDR gene 
is associated with urolithiasis risk in 
theAsian population. Their result indi-
cated the TT genotype has a protective 
association with urolithiasis risk while 
the heterozygote Tt genotype has a sig-
nificantly higher risk of urolithiasis over 
the homozygotes. Similar findings by 
Zhang et al. (2013) reported the tt or 
Tt genotypes with 1.39 fold increases 
the risk of urolithiasis compared to the 
TT genotype. Also, according to Chen 
et al. (2020), significant urolithiasis risk 
with TaqI variant was identified among 
Asians where the Tt genotype had 1.33 
fold increased risk and TT genotype had 
a  protective association with urolithia-
sis. Nonetheless, our analysis did not 
result in any significant association of 
TaqI variant with urolithiasis risk.

In summary, findings from our me-
ta-analysis supports the fact that some of 
the VDR gene polymorphisms are asso-
ciated with an increase in probability of 
urolithiasis among the Asian population 
under certain genetic models. Our results 
indicated that VDR ApaI and FokI pol-
ymorphisms are associated with risk of 
urolithiasis. The results from our pooled 
analysis indicated ApaI aa genotype are 
associated with urolithiasis compared 
to AA or Aa genotypes. Additionally, the 
minor f allele of FokI variant was indi-
cated to be the risk allele in suscepti-
bility to urolithiasis while F allele to be 
protective. Moreover, from the subgroup 
analysis, the ff genotype of FokI and aa 
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genotype of ApaI were associated with 
higher risk of urolithiasis among the East 
Asian while the same was not the case 
among the Southwest Asian.

Efforts have been made to test the 
publication bias and conducting sensi-
tivity analysis to acquire a more accurate 
estimate based off the available studies. 
However, there were heterogeneities 
in some of the included studies and it 
may affect the accuracy of the analysis. 
Many more detailed and well-designed 
case-control studies needs to be carried 
out to validate the role of VDR gene poly-
morphisms in susceptibility to urolithi-
asis. This review highlights the varied 
association of VDR gene polymorphism 
with urolithiasis among the Asian popu-
lation, which provides the importance of 
population stratification in designing fu-
ture association studies among the Asian 
population with respect to VDR gene 
poly morphisms or any other genetic trait.
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