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Abstract

were analyzed using fixed or random effect model.

Backgrounds: In the last two decades, studies have been widely carried out to assess the association between single-
nucleotide polymorphisms (SNPs) of calcium-sensing receptor (CaSR) gene in exon 7 and the risk of urolithiasis. However,
inconsistency across the studies was reported. Therefore, our current study aimed to perform a meta-analysis concerning
the association between the risk of urolithiasis and the gene polymorphisms of CaSR R990G, CaSR A986S, and CaSR Q1011E.

Methods: Published papers from PubMed, Embase, Cohcrane, and Web of science were included for the study, and they

Results: A total of 11 papers consisting of eight papers evaluating CaSR R990G, nine papers evaluating CaSR A986S, and five
papers evaluating CaSR Q1011E were included in our analysis. Our pooled calculation found that protective effect against
urolithiasis was observed in R allele and RR genotype of CaSR R990G and A allele and AA genotype of CaSR A986S.
Conversely, increased susceptibility to urolithiasis was found in G allele and RG genotype of CaSR R990G and S allele of CaSR
A986S. Interestingly, our findings in sub-group analysis confirmed that the correlation between CaSR R990G and urolithiasis
was found in Caucasian population. Meanwhile, in Asian population, the association was observed in CaSR A986S.

Conclusions: CaSR R990G and CaSR A986S, but not CaSR Q1011E, are associated with the risk of urolithiasis.
Keywords: Calcium-sensing receptor, CaSR R990G, CaSR A986S, CaSR Q1011E, Urolithiasis, Gene polymorphism

Background

Urolithiasis was reported as the main health problem and
associated with high morbidity in some countries such as
Taiwan, Germany, the USA, Greece, Iceland, and Iran [1-
8]. The prevalence of urolithiasis vary, ranging from 1.9%
in the USA to 15% in Greece [2—8]. Urolithiasis had been
reported to cause several fatal complication including
hydronephrosis, perinephric abscess [9], and end-stage
renal failure [10]. To date, the treatment for urolithiasis
remains challenging due to discrepancies regarding the
clinical indications and the efficacy [11], and it was
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reported to spend high cost expenditure [12]. This cost
expenditure is predicted to increase because the incidence
and prevalence of this disease were reported to increase in
the last few decades [11]. This phenomenon is considered
an economic burden for health systems [12], and therefore
we described this condition like “the deer at the edge of
the cliff.” Hence, to anticipate the worsening of this condi-
tion, a comprehensive understanding concerning urolith-
iasis pathogenesis especially at genetic level is crucial for
future treatment and prevention.

In the scope of urolithiasis, calcium stones represent
the majority of stone types and comprises about 80% of
all urinary calculi [10]. Although calcium stones are
caused by multifactoral, however, the basic pathway is
an imbalance of calcium homeostasis [13]. This patho-
logical state is dominantly governed by calcium-sensing
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receptor (CaSR) [14], a dimeric membrane protein be-
longing to the family of G-protein coupled receptor
(GPCR) [15]. The CASR gene contains two promoters
and seven exons [16]. However, the expression of CaSR
in the context of calcium homeostasis is primarily
affected by a high region in CaSR gene, defined as exon
7. During this time, single-nucleotide polymorphisms
(SNPs) widely reported in exon 7 of CaSR gene were as
follows: a guanine—thymine substitution at codon 986
(A986S; rs1801725), the subtitution of an adenine—guanine
at codon 990 (R990G; rs1042636), and a cytosine—guanine
substitution at codon 1011 (Q1011E; rs1801726) [17]. To
date, the reports concerning those SNPs in patients with
urolithiasis were inconclusive. Furthermore, previous meta-
analysis [18] in this circumstance did not suffice to establish
a potent conclusion because of some limitations.

Our present study aimed to perform a meta-analysis re-
garding the correlation between the risk of urolithiasis and
the gene polymorphisms of CaSR R990G, CaSR A986S,
and CaSR Q1011E. Our present study was intended to clar-
ify the inconsistency and to elucidate better correlation be-
tween those SNPs and the risk of urolithiasis.

Methods

Study design

During the period (February—April 2019), a meta-analysis
was carried out to assess the correlation between CaSR
gene polymorphisms (CaSR R990G, CaSR A986S, and
CaSR QI1011E) and the risk of urolithiasis. To reach this
purpose, published papers from PubMed, Embase, Coh-
crane, and Web of science were collected for calculation of
odd ratio (OR) and 95% confidence interval (95%CI) using
either random or fixed effect model. The protocols in our
current study including papers selection, data extraction,
quality assessment, and statistical analysis were adapted
from our previous meta-analyses [19-22], and we also used
the checklist of the Preferred Reporting Items for System-
atic Review and Meta-analysis (PRISMA) to guide the pro-
tocols in our study [23].

Eligibility criteria

The following criteria were used to include the papers in
our study: (1) evaluating the correlation between CaSR gene
polymorphisms (CaSR R990G, CaSR A986S, and CaSR
QI1011E) and the risk of urolithiasis; and (2) having re-
quired data for calculation of OR95%CI. Furthermore, the
exclusion criteria were as follows: (1) unrelated titles and
abstracts, (2) reviews and commentaries, (3) incomplete
and or ungeneralized data, (4) having deviation from
Hardy-Weinberg equilibrium (X2 > 3.84 was defined as de-
viation from Hardy-Weinberg equilibrium) [24], and (5)
double publication.
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Search strategy and data extraction

Papers concerning the association between CaSR gene poly-
morphisms (CaSR R990G, CaSR A986S, and CaSR Q1011E)
and the risk of urolithiasis were searched in major scientific
websites (PubMed, Embase, Cochrane, and Web of science)
up to 10 April 2019. In searching the articles, we did not
restrict the publication language. If we found articles with
language that we did not understand, we established a com-
prehensive consultation with Language Center of Universi-
tas B******* (blinded due to double blind review). Moreover,
to perform a comprehensive searching, we used the combin-
ation of the following key words: (urolithiasis or nephro-
lithiasis or kidney stone or renal stone) and (calcium-
sensing receptor R990G or CaSR R990G) and (calcium-
sensing receptor A986S or CaSR A986S) and (calcium-sens-
ing receptor Q1011E or CaSR QI1011E). If articles with the
same study data were found, only articles with the larger
sample size were included in our analysis. For data extrac-
tion, the following information were extracted from each
study: (1) first author name, (2) publication year, (3) country
of origin, (4) genotyping method, (5) sample size of case and
control, and (6) genotype frequencies of urolithiasis and
control groups. To provide data with high validity and to
prevent errors in data extraction, the extraction was con-
ducted by three independent authors (JKF, AG, FT).

Assessment of the methodology quality

To assess the quality of each paper, we used Newcastle-
Ottawa Scale (NOS) [25]. This evaluation was conducted
by three independent authors (JKF, AG, FT). The evalu-
ation consisted of three factors such as study selection
(four points), the comparability of the groups (two points),
and the ascertainment of the exposure (three points). In
this evaluation, each paper had the score ranging from 0
(the worst) to 9 (the best). The quality was interpreted as
good (score > 7), moderate (score 5—6), and poor (score <
4). If the discrepancy between the three independent au-
thors was found, we established a consensus.

Covariates and sub-group analysis

To provide a comprehensive analysis, all alleles and ge-
notypes models were evaluated to assess the correlation
and effect estimates. For CaSR R990G, the genetic
models were R vs. G; G vs. R; RR vs. RG + GG; RG vs.
RR + GG; and GG vs. RR + RG. For CaSR A986S, the
genetic models were A vs. S; S vs. A; AA vs. AS + SS;
AS vs. AA + SS; and SS vs. AA + AS. Moreover, for
CaSR QI1011E, the genetic models were Q vs. E; E vs. Q;
QQ vs. QE + EE; QE vs. QQ + EE; and EE vs. QQ + QE.
Moreover, we also performed sub-group analysis of all
genetic models according to ethnicity sub-group (Asian
and Caucasian).
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Statistical analysis

The calculation of pooled OR and 95%CI, determined by Z
test, was used to assess the association between CaSR gene
polymorphisms and the risk of urolithiasis. The effect
model for determining the correlation, whether using fixed
or random effect model, was assessed using a Q test. A
fixed effect model was used if we found no heterogeneity.
Conversely, random effect model was used if the evidence
of heterogeneity (p < 0.10) was observed. Moreover, an
Egger’s test was employed to assess potential of publication
bias. To prevent analysis errors, the analysis in our present
study was performed using two different software (compre-
hensive meta-analysis [CMA, New Jersey, USA] version 2.1
and Review Manager [Revman Cochrane, London, UK] ver-
sion 5.3) and three independent authors (JKF, AG, FT). If
we found discrepancy, we conducted a consensus to discuss
the discrepancy between authors.

Results and discussion

Eligible studies

Our final searching strategy identified 11 papers compat-
ible for meta-analysis. Of them, we found eight studies
evaluating CaSR R990G; nine studies evaluating CaSR
A986S; and five studies evaluating CaSR Q1011E. This

(2020) 21:1

Page 3 of 12

number of papers were retrieved from searching in
PubMed, Embase, Cochrane, and Web of science; and
we selected the papers in accordance with eligibility cri-
teria. In the initial searching, we identified 338 papers.
Of those, 312 papers were excluded because of irrelevant
title and or abstract. Moreover, 15 papers were also ex-
cluded because of review (nine), not providing required
data for calculation of OR and 95%CI (four), and having
deviation from Hardy-Weinberg equilibrium (two). Fig-
ure 1 demonstrates a flowchart concerning eligibility
pathway in our meta-analysis. For quality assessment, all
papers included in our analysis had moderate (NOS
score 5-6) or high-quality (NOS score >7). Baseline
characteristics of studies included in our meta-analysis
are summarized in Table 1 for CaSR R990G, Table 2 for
CaSR A986S, and Table 3 for CaSR Q1011E.

Data synthesis

A total of eight studies about CaSR R990G consisting of
1853 cases and 1514 controls were enrolled for our analysis.
On the whole analysis, our findings revealed that decreased
risk of urolithiasis was observed in R allele (OR95%CI =
0.69 [0.51-0.95], p = 0.0240) and RR genotype (OR95%CI
= 0.60 [0.41-0.89], p = 0.0120). On the contrary, increased

Potential papers were identified through PubMed,
Embase, Cochrane, and Web of science up to 10 April
2019 (n=338)

> Papers were excluded because of irrelevance after reading
the titles and or abstracts (n = 312)

A 4

Potential relevant papers were included for further
reviewin full text (n = 26)

9)

1. Papers were excluded because of reviews or comments (n =

3 2. Papers were excluded because of not providing sufficient

data for calculation of OR and 95% CI (n =4)
3. Papers
deviation (n=2)

were excluded because of Hardy-Weinberg

A 4

11 studies were included in the meta-analysis (R990G
=8; A986S = 9; Q1011E =35)

Fig. 1 A flowchart of eligibility pathway in our study
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Table 1 Baseline characteristics of studies concerning CaSR R990G gene polymorphism in patients with urolithiasis included in the

meta-analysis

Author and year Case Control Ethnicity ~ Type of stone Genotyping  X* NOS
RRm- RG GG N RR RG GG N HWE  [S/C/E]

Ding et al. 2017 [26] 109 348 158 615 76 172 67 315 Asian Calcium oxalate PCR 272 6[3/1/2]
Hamilton et al. 2009 [30] 51 5 0 56 180 11 0 191 Caucasian Calcium oxalate PCR-RFLP 017 7[3/2/2]
Han et al. 2013 [31] 200 40 10 70 24 53 17 94 Asian Calcium oxalate PCR 169 6[3/1/2]
Li et al. 2018 [32] 191 301 132 624 152 217 101 470 Asian Calcium oxalate PCR 202 8[4/2/2]
Peretokina et al. 2015 [33] 84 23 3 110 60 15 2 77 Caucasian Calcium oxalate and phosphate PCR 0.76  6[3/1/2]
Shakhssalim et al. 2010 [27] 87 10 2 99 105 2 0 107 Asian Calcium oxalate PCR 001 7[4/1/2]
Vezzoli et al. 2007 [28] 105 17 2 124 115 4 0 119 Caucasian Calcium oxalate PCR 003 6[3/1/2]
Vezzoli et al. 2014 [29] 133 22 0 155 136 5 0 141 Caucasian Calcium oxalate PCR 0.05 6[3/1/2]

CaSR calcium-sensing receptor, PCR polymerase chain reaction, PCR-RFLP PCR-restriction fragment length polymorphism, HWE Hardy-Weinberg equilibrium, NOS

Newcastle-Ottawa Scale, S selection, C comparability, E exposure

risk of urolithiasis was found in G allele (OR95%CI = 1.44
[1.05-1.98], p = 0.0240) and RG genotype (ORI5%CI =
148 [1.05-2.09], p = 0.0260) (Fig. 2a, b). Moreover, we
failed to show the correlation in GG genotype. In sub-
group analysis, our calculation found that the association
was observed only in Caucasian sub-group. R allele
(OR95%CI = 0.43 [0.19-0.96], p = 0.0400) and RR genotype
(OR95%CI = 0.42 [0.19-0.93], p = 0.0330) were associated
with decreased risk of urolithiasis. Conversely, G allele
(OR95%CI = 2.35 [1.03-5.37], p = 0.0400) and RG geno-
type (OR95%CI = 2.32 [1.08-5.00], p = 0.0310) were associ-
ated with increased risk of urolithiasis (Fig. 2c, d). The
summary of correlation between urolithiasis and CaSR gene
polymorphism is presented in Table 4.

Totally, 2402 cases and 2066 controls retrieved from
nine studies concerning CaSR A986S were included in our
analysis. Our overall analysis found that A allele
(OR95%CI = 0.64 [0.49-0.84], p = 0.0010) and AA geno-
type (OR95%CI = 0.66 [0.48—0.91], p = 0.0110) were asso-
ciated with decreased risk of urolithiasis. Conversely,
increased risk of urolithiasis was observed in S allele

(OR95%CI = 1.56 [1.19-2.04], p = 0.0010) (Fig .3a). We
failed to confirm the correlation in AS and SS genotype.
In sub-group analysis, our findings confirmed that the
correlation was found in Asian population. The decreased
risk of urolithiasis was found in A allele (OR95%CI = 0.55
[0.44-0.70], p < 0.0001) and AA genotype (OR95%CI =
0.56 [0.38-0.82], p = 0.0030). On other hands, increased
risk of urolithiasis was observed in S allele (OR95%CI =
1.81 [1.43-2.29], p < 0.0001) and AS genotype (OR95%CI
= 1.71 [1.16-2.53], p = 0.0070) (Fig. 3b, c). We summarize
the correlation between CaSR A986S gene polymorphism
and the risk of urolithiasis in Table 5.

For the association between CaSR Q1011E gene poly-
morphism and the risk of urolithiasis, we collected five
papers consisting of 1127 cases and 991 controls. Over-
all, our cumulative calculation found no significant asso-
ciation between the risk of urolithiasis and all genetic
models of CaSR Q1011E. Moreover, in sub-group ana-
lysis, we also failed to clarify the association between the
risk of urolithiasis and all genetic models of CaSR
QI1011E gene polymorphism. Summary of the relation

Table 2 Baseline characteristics of studies concerning CaSR A986S gene polymorphism in patients with urolithiasis included in the

meta-analysis

Author and year Case Control Ethnicity ~ Type of stone Genotyping  X* NOS [S/
AL AS S5 N AA AS S5 N HWE  C/H)
Corbetta et al. 2006 [39] 58 28 8 94 91 42 4 137 Caucasian Calcium oxalate PCR 010 6[3/1/2]
Ding et al. 2017 [26] 589 25 1 615 303 12 0 315 Asian Calcium oxalate PCR 012 6[3/1/2]
Guha et al. 2015 [38] 116 82 2 200 162 37 1 200 Asian Calcium oxalate PCR 052  7[3/2/2]
Hamilton et al. 2009 [30] 110 33 14 157 372 91 6 469 Caucasian Calcium oxalate PCR-RFLP 003 7[3/2/2]
Han et al. 2013 [31] 64 5 1 70 88 6 0 94 Asian Calcium oxalate PCR 0.10  6[3/1/2]
Kim et al. 2011 [40] 415 18 0 433 191 6 0 197 Asian Calcium oxalate and citrate  PCR-RFLP 005  7[3/2/2]
Lietal. 2018 [32] 561 62 1 624 435 35 0 470 Asian Calcium oxalate PCR 070  8[4/2/2]
Peretokina et al. 2015 [33] 78 26 6 110 48 25 4 77 Caucasian Calcium phosphate PCR 0.10  6[3/1/2]
Shakhssalim et al. 2010 [27] 71 260 2 99 93 14 0 107 Asian Calcium oxalate PCR 052  7[4/1/2]

CaSR calcium-sensing receptor, PCR polymerase chain reaction, PCR-RFLP PCR-restriction fragment length polymorphism, HWE Hardy-Weinberg equilibrium, NOS

Newcastle-Ottawa Scale, S selection, C comparability, E exposure
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Table 3 Baseline characteristics of studies concerning CaSR Q1011E gene polymorphism in patients with urolithiasis included in the

meta-analysis

Author and year Case Control Ethnicity ~ Type of stone Genotyping  X* NOS [S/
QQ QF EE N QQ QF EE N HWE  C/H]
Corbetta et al. 2006 [39] 89 5 0 94 123 14 0 137 Caucasian Calcium oxalate PCR 040  6[3/1/2]
Guha et al. 2015 [38] 189 11 0 200 190 10 O 200 Asian Calcium oxalate PCR 013 7[3/2/2]
Li et al. 2018 [32] 598 26 0 624 457 13 0 470 Asian Calcium oxalate PCR 009 8[4/2/2]
Peretokinaetal. 2015331 92 16 2 110 70 6 1 77 Caucasian Calcium oxalate and phosphate PCR 336 6[3/1/2]
Shakhssalim et al. 2010 27] 94 5 0 9 107 0 0 107 Asian Calcium oxalate PCR 0.07  7[4/1/2]

CaSR calcium-sensing receptor, PCR polymerase chain reaction, PCR-RFLP PCR-restriction fragment length polymorphism, HWE Hardy-Weinberg equilibrium, NOS

Newcastle-Ottawa Scale, S selection, C comparability, E exposure

between CaSR Q1011E gene polymorphism and the risk
of urolithiasis is demonstrated in Table 6.

Source of heterogeneity

For CaSR R990G, overall, evidence for heterogeneity was
observed in R and G alleles and RR and RG genotypes.
Therefore, random effect model was used to evaluate the
correlation. For Asian sub-group, random effect model
was used to assess the correlation in R and G allele and
RR genotype because of heterogeneity. For Caucasian sub-
group, R and G alleles and RR and RG genotypes were ob-
served to have heterogeneity. Therefore, the correlation
was assessed by random effect model. The evidence of
heterogeneity for CaSR R990G is described in Table 4.

In CaSR A986S, the correlation (A vs. S; S vs. A; AA
vs. AS + SS; AS vs. AA + SS) was assessed using random
effect model because evidence for heterogeneity was
found. On the other hand, in Asian sub-group, A and S
alleles were evaluated using fixed effect model because
of no heterogeneity existed, and RR and RG genotypes
were assessed using random effect model because of het-
erogeneity. Other evidences for heterogeneity for CaSR
A986S are presented in Table 5.

For CaSR QI1011E, the association and effect estima-
tion in overall analysis and in Asian sub-group analysis
were assessed using fixed effect model because of no evi-
dence for heterogeneity. Furthermore, because the het-
erogeneity in Caucasian sub-group was observed, the
association was evaluated using random effect model.
We summarize the evidence for heterogeneity of CaSR
QI1011E in Table 6.

Potential publication bias

To assess the potency of publication bias among all in-
cluded papers, we used an Egger’s test. For CaSR R990G
(Fig. 4a), our analysis found that publication bias was ob-
served in GG genotype both in overall analysis and Cau-
casian sub-group. For CaSR A986S (Fig. 4b), we found
publication bias in SS genotype in both overall analysis
and in Asian sub-group and AS genotype of Caucasian
sub-group. Moreover, for CaSR Q1011E, publication bias

was found in EE genotype of overall analysis and Cauca-
sian sub-group. The summary of publication bias is de-
scribed in Table 4 for CaSR R990G, Table 5 for CaSR
A986S, and Table 6 for CaSR Q1011E.

Discussion

Our searching strategy identified eight papers evaluating
the association between CaSR R990G gene polymorphism
and the risk of urolithiasis. Of those, four papers [26—29]
showed that R990G gene polymorphism was associated
with the risk of urolithiasis with variable odd ratio, ranging
from 1.24 to 8.07 (G vs. R). On the other hand, four other
studies [30-33] failed to confirm the correlation. Our
pooled calculation revealed that R allele and RR genotype
were associated with decreased risk of urolithiasis. On the
other hand, G allele and RG genotype had a significant
association with increased risk of urolithiasis (Fig. 2a, b).
Theoretically, the precise role of CaSR R990G in the devel-
opment of urolithiasis remains undefined. However, a study
in human embryonic renal cells (HEK293) revealed that G
allele of CaSR R990G might activate phospholipase A or C
to a different degree and escalate the function of CaSR, and
therefore it was associated with increased calcium excretion
[28]. On the other hand, G allele was associated with hyper-
calciuria in subjects without kidney stones [14]. This dem-
onstrates that G allele may be associated with idiopathic
hypercalciuria. Moreover, another hypothesis revealed that
G allele was associated with increasing CaSR sensitivity to
calcium, and therefore it may cause decreased calcium re-
absorption in the ascending limb [34, 35]. G allele of CaSR
R990G means that the basic amino acid arginine is replaced
by the neutral amino acid glycine. This replacement may
affect conformation and folding of receptor domains, and
cause the turning of CaSR capability to activate G-proteins
and to bind filamin-A. This circumstance is believed to
contribute for increasing CaSR sensitivity to calcium [36].
Furthermore, a gene-gene interaction theory may also sup-
port our results. A study found that G allele of CaSR
R990G was reported to correlate with minor allele of
rs6776158, and it was associated with reduced transcrip-
tional activity of the CaSR gene promoter 1. In addition,



Daryanto et al. Egyptian Journal of Medical Human Genetics (2020) 21:1 Page 6 of 12
g
A). Urolithiasis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Ding et al 2017 664 1230 306 630 22.9% 1.24[1.02, 1.51] ad
Hamilton et al 2009 5 112 11 382 64% 1.58 [0.54, 4.64] -1
Han et al 2013 60 140 87 188 16.9% 0.87 [0.56, 1.35] i
Lietal 2018 565 1248 419 940 23.3% 1.03[0.87, 1.22] *
Peretokina et al 2015 29 220 19 154 12.8% 1.08 [0.58, 2.00] S
Shakhssalim et al 2010 14 198 2 214 38% 8.07 [1.81, 35.95] I
Vezzoli et al 2007 21 248 4 238 64% 5.41[1.83, 16.01] — =
Vezzoli et al 2014 22 310 5 282 74% 4.23[1.58, 11.33] —
Total (95% CI) 3706 3028 100.0% 1.44 [1.05, 1.98] &
Total events 1380 853
thy 2= . Chiz = = = .12 = 729 ; + t J
;lettta;ogenentyl.l T?fu " 2112 ggl : _2(5).32. df =7 (P =0.0007); I*=72% 0.01 01 1 10 100
est for overall effect: Z = 2.26 (P = 0.02) Control  Urolithiasis
B). Urolithiasis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ding et al 2017 348 615 172 315 23.1% 1.08 [0.82, 1.42] ™
Hamilton et al 2009 5 56 11 191 7.2% 1.60 [0.53, 4.83] "
Han et al 2013 40 70 53 94 14.3% 1.03 [0.55, 1.93] I
Lietal 2018 301 624 217 470 23.9% 1.09 [0.85, 1.38] ™
Peretokina et al 2015 23 110 15 77 12.2% 1.09 [0.53, 2.26] I
Shakhssalim et al 2010 10 99 2 107 42% 5.90 [1.26, 27.63]
Vezzoli et al 2007 17 124 4 119 7.0% 4.57 [1.49, 14.01] =
Vezzoli et al 2014 22 155 5 141 8.2% 4.50 [1.66, 12.23] -
Total (95% CI) 1853 1514 100.0% 1.48 [1.05, 2.09] &
Total events 766 479
thoe 2= - Chiz = = - - 12 = 619 , t t {
;letel;ogeneltyl.l T?fu 2112 ;::;n o —13(1); df=7(P=0.01); P=61% 0.01 01 1 10 100
est for overall effect: Z = 2.23 (P = 0.03) Control Urolithiasis
C). Urolithiasis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Hamilton et al 2009 5 112 11 382 226% 1.58 [0.54, 4.64]
Peretokina et al 2015 29 220 19 154 30.6% 1.08 [0.58, 2.00]
Vezzoli et al 2007 21 248 4 238 225% 5.41[1.83, 16.01] —_—
Vezzoli et al 2014 22 310 5 282 242% 4.23[1.58, 11.33] —
Total (95% Cl) 890 1056 100.0% 2.35[1.03, 5.37]
Total events 77 39
Heo 2= - Chi2 = = - .12 = QY k + t + {
rTieteta;ogeneltyl.l T?fu : ‘(7_)4182 g:l x -966(1);1& 3(P=0.02); I?=69% 0.01 01 1 10 100
est for overall effect: Z=2.04 (P = 0.04) Control  Urolithiasis
D). Urolithiasis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hamilton et al 2009 5 56 11 191 22.6% 1.60 [0.53, 4.83]
Peretokina et al 2015 23 110 15 77 30.6% 1.09 [0.53, 2.26]
Vezzoli et al 2007 17 124 4 119 222% 4.57 [1.49, 14.01] —
Vezzoli et al 2014 22 155 5 141 246% 4.50 [1.66, 12.23] —
Total (95% CI) 445 528 100.0% 2.32[1.08, 5.00] .
Total events 67 35
e z2= - Chi2 = = - 12 = B0Y k + t + J
1I-_leuten;ogeneltyl.l T?fu : 3_3_162 ?gl - —733;” 3 (P =0.06); I>=60% 0.01 01 1 10 100
est for overall effect: Z = 2.15 (P = 0.03) Control  Urolithiasis

Fig. 2 Forest plot of the correlation between R990G gene polymorphism and the risk of urolithiasis. a (G vs. R) and b (RG vs. RR + GG) summarize
overall correlation. On other hands, ¢ (G vs. R) and d (RG vs. RR + GG) describe the correlation in Caucasian sub-group analysis

this circumstance was associated with increased risk of cal-
cium stone formation [37]. This explanation may be a
benchmark for our results showing that G allele of R990G
was associated with increased risk of urolithiasis. However,

further studies are required to elucidate the precise mech-
anism how CaSR R990G affects urolithiasis.

Beside CaSR R990G, the development of urolithiasis
may be also governed by CaSR A986S. Concerning the
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Table 4 Summay of the association between R990G gene polymorphism and the risk of urolithiasis

Allele and NS Model Value Sensitivity Specificity OR 95%Cl pH pE p
genotype Case (%) Control (%) 06) 06)

Overall analysis

Rvs. G 8 Random 62.76 71.83 62.76 2817 0.69 0.51-0.95 0.0010 0.3230 0.0240
Gvs. R 8 Random 3724 28.17 37.24 71.83 144 105-198 00010 03230 0.0240
RR vs. RG + GG 8 Random 42.09 56.01 42.09 43.99 0.60 0.41-0.89 0.0040 04150 0.0120
RG vs. RR + GG 8 Random 4134 31.64 4134 68.36 148 1.05-2.09 0.0120 0.3360 0.0260
GGvs.RR+RG 8 Fixed 16.57 12.35 16.57 87.65 109  089-135 05240  <0.0001 0.3950
Asian sub-group

Rvs. G 4 Random 53.73 58.72 53.73 41.28 0.88 0.66-1.17 0.0180 0.2190 0.3680
Gvs. R 4 Random 4627 4128 46.27 58.72 114 086-152 00180  0.2190 0.3680
RR vs. RG + GG 4 Random 2891 36.21 2891 63.79 0.77 051-1.16 0.0400 0.3050 0.2090
RG vs. RR + GG 4 Fixed 49.64 45,03 49.64 54.97 1.10 0.93-1.31 0.2030 0.1470 0.2600
GGvs.RR+RG 4 Fixed 2145 1876 2145 81.24 109  088-134 04350 03550 0.0710
Caucasian sub-group

Rvs. G 4 Random 91.35 96.31 91.35 3.69 043 0.19-0.96 0.0240 0.6820 0.0400
Gvs. R 4 Random 865 3.69 8.65 96.31 235 1.03-537 00240 06820 0.0400
RRvs.RG+ GG 4 Random 8382 92.99 83.82 701 042  019-093 00380 06540 0.0330
RG vs. RR + GG 4 Random 15.06 6.63 15.06 93.37 232 1.08-5.00 0.0600 0.5980 0.0310
GGvs.RR+RG 4 Fixed 1.12 038 1.12 99.62 157 033-746 03960  <0.0001 0.5700

NS number of studies, OR odd ratio, CI confidence interval, pH p heterogeneity, pE p egger

correlation between CaSR A986S gene polymorphism
and the risk of urolithiasis, of nine papers, our results
found that three papers [27, 30, 38] showed the correl-
ation, and six others [26, 31-33, 39, 40] failed to show
the association. Of those, the odd ratio ranged from 1.96
to 2.55 (S vs. A). Our combination data demonstrated
that A allele and AA genotype were correlated with de-
creased risk of urolithiasis. Conversely, S allele was asso-
ciated with increased risk of urolithiasis (Fig. 3a). To
date, the perspective theory underlying our results was
lacking. However, several studies had reported that in-
creased CaSR activity was observed in S allele of CaSR
A986S gene polymorphism [18]. Moreover, S allele of
CaSR A986S was also reported to be associated with the
decrease of inhibitory activity of CaSR on tubular cal-
cium reabsorption [28]. Therefore, it may govern cal-
cium homeostasis. Furthermore, S allele of CaSR A986S
gene polymorphism had been widely reported to affect
elevated level of calcium concentration [41, 42]. Those
reports might be the basis explaining the results of our
study. Nevertheless, the proper mechanism concerning
the role of CaSR A986S in patients with urolithiasis
needs to be further investigated.

Moreover, because the pathogenesis of urolithiasis is
complex and may involve specific interactions including
gene—gene and/or gene—environment interaction, this
pathogenesis may implicate other SNPs such as CaSR
QI011E. For this reason, we also evaluated the role of

CaSR QI1011E gene polymorphism in patients with uro-
lithiasis. Although Q allele was reported to be associated
with elevated calcium concentration and hypercalciuric
state [27], and previous meta-analysis also confirmed
that CaSR Q1011E gene polymorphism was associated
with urolithiasis in specific population [18]; however, of
five papers we collected [27, 32, 33, 38, 39], all of them
failed to show the association. Our pooled calculation
also revealed that no association was found in all genetic
models between CaSR Q1011E gene polymorphism and
the risk of urolithiasis. In sub-group analysis, we also
failed to clarify the association.

A previous study [18] had reported the meta-analysis
concerning this topic. Overall, our results were consist-
ent with this previous study. However, we found some
limitations in the previous study, such as relatively small
sample size, data discrepancy, data duplication, and devi-
ation from Hardy-Weinberg equilibrium. Compared to
previous study, our current study had larger sample size.
Their meta-analysis only involved seven papers for CaSR
R990G, six papers for CaSR A986S, and three papers for
CaSR QI1011E. Meanwhile, our present study involved
eight papers for CaSR R990G, nine papers for CaSR
A986S, and five papers for CaSR Q1011E. This compari-
son might demonstrate that, because of having larger
sample size, our present study might have better statis-
tical power to explore the real association. Moreover, we
also found irrelevant data or data discrepancy between
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A). Urolithiasis Control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Corbetta et al 2006 44 188 50 274 13.5% 1.37[0.87, 2.16] ™
Ding et al 2017 27 1230 12 630 9.1% 1.16 [0.58, 2.30] -1
Guha et al 2015 86 400 39 400 14.7% 2.54[1.69, 3.81] =
Hamilton et al 2009 61 314 103 938 16.2% 1.95 [1.38, 2.76] -
Han et al 2013 7 140 6 188 4.6% 1.60 [0.52, 4.86] I [
Kim et al 2011 18 866 6 394 6.0% 1.37 [0.54, 3.48] S
Lietal 2018 64 1248 35 940 14.4% 1.40 [0.92, 2.13] =
Peretokina et al 2015 38 220 33 154 121% 0.77 [0.46, 1.29] =%T
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Urolithiasis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ding et al 2017 27 1230 12 630 14.3% 1.16 [0.58, 2.30] B
Guha et al 2015 86 400 39 400 28.2% 2.54 [1.69, 3.81] -
Han et al 2013 7 140 6 188 4.5% 1.60 [0.52, 4.86] I
Kim et al 2011 18 866 6 394 75% 1.37 [0.54, 3.48] e
Li etal 2018 64 1248 35 940 35.0% 1.40[0.92, 2.13] Bl
Shakhssalim et al 2010 30 198 14 214 10.5% 2.55[1.31,4.97] —
Total (95% Cl) 4082 2766 100.0% 1.81[1.43, 2.29] $
Total events 232 112
ity Chi2 = . = .12 = 309 I t + i
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C)' Urolithiasis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ding et al 2017 25 615 12 315 16.4% 1.07 [0.53, 2.16] -
Guha et al 2015 82 200 37 200 23.7% 3.06 [1.94, 4.82] -
Han et al 2013 5 70 6 94 78% 1.13[0.33, 3.86] — =
Kim et al 2011 18 433 6 197 11.6% 1.38 [0.54, 3.53]) B i
Lietal 2018 62 624 35 470 244% 1.37[0.89, 2.11] ™
Shakhssalim et al 2010 26 99 14 107 16.0% 2.37[1.15, 4.85] —_—
Total (95% Cl) 2041 1383 100.0% 1.71 [1.16, 2.53] ’
Total events 218 110
ity 2= . 2= = = - 12= 519 I + t {
Heterogeneity: Tau? = 0.11; Chi* = 10.28, df =5 (P = 0.07); I’ = 51% 0.01 01 1 10 100
Test for overall effect: Z = 2.70 (P = 0.007) Control  Urolithiasis
Fig. 3 Forest plot of the association between A986S gene polymorphism and the risk of urolithiasis. a (S vs. A) shows overall correlation. On the
other hand, the correlation in Asian sub-group analysis is described in b (S vs. A) and ¢ (AS vs. AA + SS)

data presented in the meta-analysis and data in the ori-
ginal paper. Data discrepancy often occurs in data ana-
lysis using large sample size without checking for
validity. To prevent data discrepancy, data extraction
and analysis in our present study were performed by
three independent authors. Furthermore, Hardy-
Weinberg deviation was also found in the previous
study. In the genetic population, Hardy-Weinberg equi-
librium is the basic principle of genetic and considered
as one of the most important principles in population of
genetics. This principle has been universally employed

for the study of allele and genotype frequency changes
in a population over generations [43]. In the context of
deviation from this principle, it had been demonstrated
that whatever method was used if Hardy-Weinberg equi-
librium was not established, they might result in nothing
[44]. Therefore, because of those several limitations, our
present meta-analysis might clarify better correlation be-
tween CaSR gene polymorphisms and the risk of
urolithiasis.

In sub-group analysis, interestingly, our findings re-
vealed that the correlation between CaSR R990G gene
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Table 5 Summary of the correlation between A986S gene polymorphism and the risk of urolithiasis
Allele and NS Model Value Sensitivity Specificity OR 95%Cl pH pE p

genotype Case (%)  Control (%) (%) )

Overall analysis

Avs. S 9 Random 92.19 92.79 92.19 7.21 0.64 0.49-0.84 0.0250 02910 0.0010
Svs. A 9 Random 781 7.21 7.81 92.79 156 1.19-2.04 0.0250  0.2910 0.0010
AA vs. AS + SS 9 Random 85.85 86.30 85.85 13.70 0.66 048-0.91 0.0110 0.3580 0.0110
AS vs. AA + SS 9 Random 12.70 12.97 12.70 87.03 1.34 0.95-1.88 0.0040 04070 0.0990
SSvs. AA+AS 9 Fixed 146 0.73 146 99.27 334 185-6.02 05040  <0.0001  <0.0001
Asian sub-group

Avs. S 6 Fixed 94.32 95.95 94.32 4.05 0.55 0.44-0.70 02120 0.2020 < 0.0001
Svs. A 6 Fixed 5.68 4.05 5.68 95.95 1.81 143-2.29 02120 0.2020 <0.0001
AA vs. AS + SS 6 Random 88.98 9197 88.98 8.03 0.56 0.38-0.82 0.0710 0.3300 0.0030
AS vs. AA + SS 6 Random 10.68 795 10.68 92.05 1.71 1.16-2.53 0.0680 03370 0.0070
SSvs. AA+AS 6 Fixed 0.34 0.07 034 99.93 267  071-1003 09770  <0.0001  0.1450
Caucasian sub-group

Avs. S 3 Random 80.19 86.38 80.19 13.62 0.77 045-1.30 0.0130 04070 0.3200
Svs. A 3 Random 1981 13.62 19.81 86.38 131 0.77-2.21 00130 04070 03200
AAvs.AS+5SS 3 Random  68.14 74.82 68.14 25.18 086  053-142 0.0660 03470 05630
AS vs. AA + SS 3 Fixed 24.10 2313 24.10 76.87 0.94 0.69-1.28 04030 <0.0001 0.6840
SSvs. AA+AS 3 Random  7.76 2.05 7.76 97.95 310 1.00-9.64 0.0570  0.8070 0.0510

NS number of studies, OR odd ratio, CI confidence interval, pH p heterogeneity, pE p egger

Table 6 Summary of the association between Q1011E gene polymorphism and the risk of urolithiasis

Allele and NS Model Value Sensitivity Specificity OR 95%Cl pH pE p
genotype Case (%)  Control (%) (o) (0)

Overall analysis

Quvs. E 5 Fixed 97.03 97.73 97.03 2.27 0.77 051-1.16 0.1710 03770 02110
Evs.Q 5 Fixed 297 227 297 97.73 130  0.86-1.95 01710 03770 02110
QQ vs. QE + EE 5 Fixed 94.23 95.56 94.23 4.44 0.77 0.50-1.17 0.1560 04090 0.2150
QEvs.QQ+EE 5 Fixed 559 434 5.59 95.66 130  0.85-2.00 0.1550 04160 02290
EEvs.QQ+QE 5 Fixed 0.18 0.10 0.18 99.90 141 0.13-1580 07820  1.0000 <0.0001
Asian sub-group

Quvs. E 3 Fixed 97.72 98.52 97.72 148 0.69 041-1.17 0.2910 0.2580 0.1660
Evs.Q 3 Fixed 228 148 228 98.52 145  0.86-244 02910 02580 0.1660
QQ vs. QE + EE 3 Fixed 94.45 97.04 94.45 2.96 0.69 041-1.16 0.2870 0.2680 0.1610
QE vs. QQ + EE 3 Fixed 4.55 296 4.55 97.04 146 0.86-2.47 0.2870 0.2680 0.1610
EEvs.QQ+QE 3 NA 0.00 0.00 0.00 100.00 NA NA NA NA NA
Caucasian sub-group

Quvs. E 2 Random 93.87 94.86 93.87 5.14 1.00 0.29-3.51 0.0610 0.7650 0.9980
Evs.Q 2 Random 6.3 5.14 6.13 94.86 100 029-349 00610  0.7650 0.9980
QQ vs. QE + EE 2 Random 88.73 90.19 88.73 9.81 0.99 0.26-3.83 0.0550 0.8310 0.9920
QE vs. QQ + EE 2 Random 10.29 935 10.29 90.65 1.01 0.26-4.01 0.0570 0.8460 0.9880
EEvs.QQ+QE 2 Fixed 0.98 047 0.98 99.53 141 0.13-1580  1.0000 <0.0001  0.7820

NS number of studies, OR odd ratio, C/ confidence interval, pH p heterogeneity, pE p egger, NS not available
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polymorphism and the risk of urolithiasis was observed
in Caucasian population (Fig. 2¢, d). Moreover, in Asian
population, the correlation was found in CaSR A986S
(Fig. 3b, c). Our results might demonstrate gene—envir-
onment interaction. It attests that CaSR R990G has a
dominant role in Caucasian, and CaSR A986S is domin-
ant in Asian. The mechanism underlying our results-
related ethnicity is not well known. Although the correl-
ation perspective has widely proposed that “where there
is sugar, there are bound to be ants,”because of the lack

of evidence concerning this report, our results-related
ethnicity were difficult to explain. However, genetic
background and gene—environment interaction may play
a crucial role in this circumstance. Until now, no study
reports the exact explanation concerning CaSR gene
polymorphisms in the context of ethnicity. Therefore, in
the near future, we expect that this puzzle may be
elucidated.

Although we provided the evidence that the risk of
urolithiasis was associated with CaSR R990G and CaSR
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A986S gene polymorphisms, however, at present time, it
was not possible to use these SNPs as biomarkers or
predictors of urolithiasis. Our results might clarify the
controversy during this time and confirm better under-
standing concerning the role of these SNPs in patients
with urolithiasis. Moreover, since the reported studies
used non-randomized design, it might result in a low-
level of evidence. Therefore, further studies with a
higher design may be required.

Several crucial limitations were observed in our
present study. First, several factors having pivotal role in
the pathogenesis and development of urolithiasis such as
age, dietary, hyperparathyroidism, previous urolithiasis,
and family history of urolithiasis [45] were not con-
trolled for and included in our study. Second, the find-
ings of our study should be interpreted with caution
because of relatively small sample size in both overall
analysis and sub-group analysis. Third, unequal propor-
tion of papers included in our analysis in each sub-
group was observed, and therefore, this factor may lead
to heterogeneity and study bias. Fourth, most of study
design in our database was cross-sectional. Further
meta-analysis including better study designs may be
needed to achieve a higher level of evidence. Because of
the limitations, further studies eliminating these factors
may be required to elucidate the better correlation be-
tween the risk of urolithiasis and the CaSR gene
polymorphisms.

Conclusions

Our study reveals that R allele and RR genotype of CaSR
R990G and A allele and AA genotype of CaSR A986S
gene polymorphisms are asociated with protective effect
againsts urolithiasis. On the other hand, G allele and RG
genotype of CaSR R990G and S allele of CaSR A986S
gene polymorphisms are correlated with increased risk
of urolithiasis. In sub-group analysis, the correlation in
Caucasian population is observed in CaSR R990G, while
the association in CaSR A986S is found in Asian popula-
tion. Our results may clarify better correlation concern-
ing gene-disease interaction between CaSR gene
polymorphisms and the risk of urolithiasis.
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