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Abstract

Vitamin D acts through the vitamin D receptor (VDR), and vitamin D level decreases in multiple myeloma (MM) patients.
Single nucleotide polymorphisms in VDR alter its functions to affect the vitamin D status. This raises the question of whether
VDR gene polymorphisms are associated with MM risk, which has been investigated in case—control studies, but the results
have been inconsistent. This meta-analysis aimed to investigate the relationship between VDR gene polymorphisms and MM
risk. The PubMed, Web of Science, Medline, Embase, Chinese National Knowledge Infrastructure (CNKI), Chinese Scientific
Journal (VIP), Wanfang Databases (WANFANG) were searched from inception to June 1, 2023, without language restric-
tion or publication preference. Pooled odds ratio (OR) and 95% confidence interval (CI) for each variable were calculated.
Leave-one-out sensitivity analysis was performed to determine the source of heterogeneity. Publication bias was assessed
using Begg’ and Egger’s tests, and the trim-and-fill method was used to compensate for publication bias. The correlation
meta-analysis was conducted using Comprehensive Meta-Analysis 3.0 and STATA 12.0 software. All the included studies
were based on Asian populations and involved four VDR gene polymorphisms, Taql (rs731236), Apal (rs7975232), Bsml
(rs1544410) and FokI (rs2228570). The results showed that Taql (C vs. T: OR=1.487, 95% CI 1.052, 2.104, P=0.025;
CC+CT vs. TT: OR=1.830, 95% CI 1.138, 2.944, P=0.013), Apal (T vs. G: OR=1.292,95% CI1 1.101, 1.517, P=0.002;
TT vs. GG: OR=1.600, 95% CI 1.106, 2.314, P=0.013; TG vs. GG: OR 1.305, 95% CI 1.050, 1.622; P=0.016; TT+TG vs.
GG: OR=1.353,95% CI1.103, 1.662, P=0.004), Bsml (GG vs. AA: OR=1.918,95% CI 1.293, 2.844, P=0.001; GA vs.
AA: OR=1.333,95% CI 1.058, 1.679, P=0.015; G vs. A: OR=1.398,95% CI 1.180, 1.657, P=0.000; GG vs. AA+GA:
OR=1.686,95% CI 1.174, 2.423, P=0.005), and FokI (T vs. C: OR=1.687, 95% CI 1.474, 1.931, P=0.000; TT vs. CC:
OR =2.829, 95% CI 2.066, 3.872, P=0.000; TC vs. CC: OR=1.579, 95% CI 1.304, 1.913, P=0.000, TT + TC vs. CC:
OR=1.771,95% CI 1.477, 2.125, P=0.000; TT vs. CC+TC: OR=2.409, 95% CI 1.814, 3.200, P=0.000) are associated
with MM risk. VDR gene polymorphisms including Apal, Bsml, Taql, and FokI are associated with MM risk in Asian
populations. Additional studies with large sample sizes and different ethnicities are needed.
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vitamin D supplements have potential for improving cancer
prognosis and outcome in deficient individuals [12].

Vitamin D functions through its vitamin D recep-
tor (VDR), and genetic variations of VDR could influ-
ence an individual’s vitamin D status [13, 14]. Polymor-
phisms caused by single nucleotides at the genome level
are described as single nucleotide polymorphisms (SNPs),
the most common form of variations among individuals.
The most reported VDR gene polymorphisms are the Bsml
(rs1544410), FokI (rs2228570), Taql (rs731236) and Apal
(rs7975232) [15]. Studies have explored the association
between these VDR gene polymorphisms and cancer devel-
opment, and revealed that Bsml is associated with overall
survival in patients with cancer, that Apal is associated with
progression-free survival in patients with cancer, and that
Fokl is associated with overall survival in patients with lung
cancer [16]. In this study, we hypothesized that VDR gene
polymorphisms could affect the binding of the VDR and
have the potential to influence the risk of MM. MM is a mul-
tifactorial disease involving genetics [17], and factors such
as the lifestyle and environmental exposures might change
the actual effect of SNPs. Additionally, there is genetic het-
erogeneity in different ethnic populations [18]. These are
uncertainties and conflicts that underlie the hypotheticals.

In MM, VDR gene polymorphisms have been investigated
in several case—control studies [19-24], and a meta-analysis
indicated that the heterozygote and homozygote models of
FokI and the homozygote model of Apal are associated with
an increased risk of MM [18]. However, conflicting conclu-
sions have been reported in case—control studies, and the
associations of Bsml and Taql with MM were not explored
in previous meta-analysis. Further, significant heterogeneity
was observed in the existing meta-analysis. In this study, we
focused on the following clinical question: Is there an asso-
ciation between VDR gene polymorphisms and the risk of
MM? This evidence will indicate the existence of VDR gene
polymorphisms that may increase genetic susceptibility to
MM in healthy individuals to promote earlier screening and
diagnosis, and will provide evidence for developing thera-
pies against VDR gene polymorphisms for MM patients.
Therefore, a meta-analysis was conducted with the aim of
examining and summarizing the evidence on the association
between VDR gene polymorphisms and MM risk.

Materials and methods
Ethics
This study did not require patient recruitment or personal

data collection, and there was no need for ethics committee
approval.
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Protocol registration

This meta-analysis was conducted following the guidelines
of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 checklist [25] and
Cochrane Handbook criteria, and the protocol was regis-
tered with the International Platform of Registered Sys-
tematic Review and Meta-analysis Protocols (INPLASY)
with registration number INPLASY202330076. The
PRISMA 2020 checklist is provided in Supplementary
file 1.

Eligibility criteria and study selection

The research question was formulated using Population,
Intervention, Comparison, Outcomes, and Study (PICOS)
guidelines [26]. In the PICOS form, the studies were
described as follows: P, patients diagnosed with MM; I,
VDR gene polymorphisms; C, healthy control groups; O,
effect of VDR gene polymorphisms associated with MM
risk; S, case—control study. The inclusion criteria were as
follows: (i) case—control study in humans in which the
association between VDR polymorphisms and MM risk
was investigated; (ii) the case group included patients who
meet the diagnostic criteria for MM, and the control group
included healthy individuals; (iii) the number of individu-
als with each genotype in the case and control groups was
sufficient to calculate odds ratio (OR) and 95% confidence
interval (95% CI); and (iv) the genotype distributions of
the control group followed the Hardy—Weinberg equilib-
rium (HWE). The exclusion criteria were as follows: (i)
not a case—control study reporting the association between
VDR gene polymorphisms and MM risk; (ii) studies con-
taining data repeated from another published study; (iii)
studies containing incomplete data or data that could not
be analyzed; (iv) studies with missing or apparently incor-
rect data; and (v) reviews, case reports, or basic experi-
mental studies.

Literature search and extraction strategy

The PubMed, Web of Science, Medline, Embase, Chi-
nese National Knowledge Infrastructure (CNKI), Chinese
Scientific Journal Database (VIP), and Wanfang Data-
base (WANFANG) were searched from their respective
inception to June 1, 2023. The retrieval keywords were
“multiple myeloma”, “vitamin D receptor”, and “poly-
morphism”. The retrieval strategy is provided in Sup-
plementary file 2. Two reviewers independently screened
and extracted the data. If there were any discrepancies, a
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third individual reviewed the articles. The data extracted
included the following: first author, publication data, sam-
ple source, ethnicity, genotyping method, sample size, and
genotype characterization for the cases and controls.

Quality evaluation of the included studies

The quality of the studies included in this meta-analysis was
evaluated using the Newcastle—Ottawa Scale (NOS) [27].
The full score was 9, and high quality was defined as a study
with>7.

Statistical analysis

The data for the meta-analysis and sensitivity analysis were
analyzed using Comprehensive Meta-Analysis (CMA, ver-
sion 3.0). The trim-and-fill method was used to test publica-
tion bias using STATA 12.0 (STATA Corporation, Texas,
USA). According to whether the heterogeneity was low
(I? < 50), or high (I>>50%), we used fixed- or random-
effects models, respectively. The OR was used as a summary
statistic for dichotomous variables. The 95% CI was calcu-
lated for all mean values. P values > 0.05 were considered
not significant.

To explore the source of heterogeneity among the studies
included in the review, a leave-one-out sensitivity analysis
in which a meta-analysis was conducted on each subset of
the studies obtained by leaving out exactly one study, was
performed.Publication bias was tested using Begg’s and
Egger’s tests. If P <0.05, publication bias existed, and the
trim-and-fill method was used to identify and correct for
publication bias.

Results
Characteristics of the included studies

A total of 38 references were identified in the initial exami-
nation. After layer-by-layer screening, six case—control
studies were included in this analysis. Four case—control
studies with 342 cases and 336 controls were included for
Tagql (rs731236), four case—control studies with 689 cases
and 1222 controls were included for Apal (rs7975232),
four case—control studies with 689 cases and 1147 controls
included for BsmlI (rs1544410), and six case—control stud-
ies with 877 cases and 1414 controls were included for FokI
(rs2228570). The flow of the literature screening is detailed
in Fig. 1. The included studies involved individuals of Asian

ethnicity, four studies included individuals of Chinese Han
ethnicity, one study included individuals of Indian ethnicity,
and one study included individuals of Kashmiri ethnicity.
PCR was the main genotyping method employed. The results
of the quality assessment of the literature showed that the
scores of the included studies ranged from ranged from 7 to
8 points, indicating that the studies were rated good or bet-
ter. The basic characteristics of the included studies and the
results of the quality evaluation are shown in Table 1. All
genotype frequencies of the control group were consistent
with the HWE. The genotype data are provided in Supple-
mentary file 3.

Meta-analysis results
Association between Taql (rs731236) and MM risk

A total of 342 patients and 336 controls were included in
the analysis. A summary of the heterogeneity analysis,
meta-analysis results, and publication bias assessment is
shown in Table 2. No heterogeneity was observed in the
allelic model (C vs. T, I>=46.811%, P=0.130) and domi-
nant model (CC+CT vs. TT, ’=0.000%, P= 0.478), reces-
sive model (CC vs. TT+CT, 1?=30.667%, P= 0.236), and
homozygote model (CC vs. TT, I*=0.000%, P=0.380), and
high heterogeneity existed in the heterozygous model (CT
vs. TT, >=91.613%, P= 0.000). The results from the meta-
analysis showed that Taql (rs731236) was associated with
MM risk in the allelic model (OR 1.487, 95% CI 1.052,
2.104, P=0.025; Fig. 2a) and dominant model (OR 1.830,
95% CI 1.138, 2.944; P=0.013; Fig. 2d). The results of
Begg’s and Egger’s tests showed no publication bias for the
allelic model (Egger’s test: P=0.141, Begg’s test: P=0.174)
and dominant model (Egger’s test: P=0.205, Begg’s test:
P=0.174).

According to the primary meta-analysis results, the pres-
ence of Taql (rs731236) was found to be independent of MM
in the homozygote model (OR 1.680, 95% CI1 0.556, 5.076;
P =0.358; Fig. 2b), heterozygous model (OR 0.455, 95% CI
0.061, 3.394; P=0.442; Fig. 2¢), and recessive model (OR
0.942, 95% CI 0.508, 1.746; P=0.850; Fig. 2e). However,
publication bias was found for the recessive model (Egger’s
test: P=0.012, Begg’s test: P=0.117), the homozygote
model (Egger’s test: P=0.012, Begg’s test: P=0.117), and
the heterozygous model (Egger’s test: P=0.016, Begg’s
test: P=0.174). In heterozygous model, heterogeneity
decreased (I2 =46.781%, P=0.153) following the removal
of the data from Raman Kumar [22] from the analysis, and
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Fig. 1 Flowchart of the
literature-screening process
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publication bias disappeared (Egger’s test: P=0.059, Begg’s
test: P=0.296). Additionally, thetrim-and-fill method was
applied to test the possible effect of publication bias, and
the results are shown in Table 3. The results tended to be
unchanged after adjusting for publication bias using the
trim-and-fill method in the homozygote model (OR 0.934,
95% C10.232, 3.764; P=0.924; Fig. 2f) and recessive model
(OR 0.821,95% C10.312, 2.164; P=0.691; Fig. 2g).

Association between Apal (rs7975232) and MM risk

A total of 689 cases and 1222 controls were included in
the analysis, and publication bias did not exist in any of the
genetic model. A summary of the heterogeneity analysis,
meta-analysis results, and publication bias assessment is
shown in Table 4. Significant heterogeneity existed in the
allelic model (T vs. G, ?=71.414%, P=0.015), homozygote
model (TT vs. GG, ’=71.520%, P= 0.015), dominant mod-
els (TT+TG vs. GG, ’=63.766%, P= 0.041), heterozygous
model (TG vs. GG, 1’=56.475%, P= 0.075), and recessive

@ Springer

model (TT vs. GG + GT, 1?=65.229%, P= 0.043). The pri-
mary meta-analysis results showed that Apal is not associ-
ated with MM risk in the allelic model (OR 1.101, 95% CI
0.771, 1.572; P=0.598; Fig. 3a), homozygote model (OR
1.009, 95% CI 0.457, 2.226; P=0.983; Fig. 3b), heterozy-
gous model (OR 1.226, 95% CI 0.996, 1.510; P=0.055;
Fig. 3¢), dominant model (OR 1.224, 95% CI 0.774, 1.936;
P=0.387; Fig. 3d), recessive model (OR 0.941, 95% CI
0.498, 1.779; P=0.851; Fig. 3e). We further searched for
sources of heterogeneity by conducting a sensitivity analy-
sis, which was carried out by removing studies one by one.
Heterogeneity was reduced after the elimination of the
data from Syed Shafia [24], and statistical significance was
obtained for the allelic model (OR 1.292, 95% CI 1.101,
1.517; P=0.002), dominant model (OR 1.353, 95% CI
1.103, 1.662; P=0.004), heterozygous model (OR 1.305,
95% CI 1.050, 1.622; P=0.016), and homozygote model
(OR 1.600, 95% CI 1.106, 2.314; P=0.013). The hetero-
geneity in the recessive model decreased to 26.291% after
excluding the study of Syed Shafia, and the results of the
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Table 1 Basic characteristics of the included studies

References Ethnicity Genotyping method Sample size (case/ Sample source NOS score
control)
Fokl(rs2228570)
Rui et al. [23] Chinese Han population PCR 40/84 Elbow vein blood 7
Ni [21] Chinese Han population PCR 114/60 Venous blood 8
Chen et al. [20] Chinese Han population PCR-RFLP 460/928 Blood 8
He et al. [19] Chinese Han population PCR 113/117 Venous blood 8
Kumar et al. [22] Indian population PCR-RFLP 75175 Bone marrow Blood 7
Shafia et al. [24] Kashmiri population PCR 75/150 Peripheral blood 8
Apal (1s7975232)
Rui et al. [23] Chinese Han population PCR 40/84 Elbow vein blood 7
Ni [21] Chinese Han population PCR 114/60 Venous blood 8
Chen et al. [20] Chinese Han population PCR-RFLP 460/928 Blood 8
Shafia et al. [24] Kashmiri population PCR 75/150 Peripheral blood 8
Bsml (rs1544410)
Rui et al. [23] Chinese Han population PCR 40/84 Elbow vein blood 7
Ni [21] Chinese Han population PCR 114/60 Venous blood 8
Chen et al. [20] Chinese Han population PCR-RFLP 460/928 Blood 8
Kumar et al. [22] Indian population PCR-RFLP 75175 Bone marrow blood 7
Taql (rs731236)
Rui et al. [23] Chinese Han population PCR 40/84 Elbow vein blood 7
Ni [21] Chinese Han population PCR 114/60 Venous blood 8
Heetal. [19] Chinese Han population PCR 113/117 Venous blood 8
Kumar et al. [22] Indian population PCR-RFLP 75175 Bone marrow blood 7

NOS Newcastle-Ottawa Scale, PCR polymerase chain reaction, PCR—RFLP polymerase chain reaction-restriction fragment length polymor-

phism

Table 2 Meta-analysis of

o Genetic model
the association between

Test of association

Test of hetero-  Test of publication bias

. . geneity

multiple myeloma risk and the

Taql(rs731236) OR 95% CI P I? P Egger’s test (P) Begg’s test (P)
C versus T 1.487 1.052,2.104 0.025 46.811 0.130 0.141 0.174
CC versus TT 1.680 0.556,5.076 0.358  0.000 0.380 0.012 0.117
CT versus TT 0455 0.061,3.394 0.442 91.613 0.000 0.016 0.174
CC+CTversus TT 1.830 1.138,2.944 0.013 0.000 0.478 0.205 0.174
CCversus TT+CT 0.942 0.508,1.746 0.850 30.667 0.236 0.012 0.117

meta-analysis remained statistically insignificant (OR 1.411,
95% CI10.988, 2.017; P=0.058). The results are shown in
Table 5.

Association between Bsml (rs1544410) and MM risk
Six hundred eighty-nine patients with MM and 1147 healthy

control subjects were included. A summary of the hetero-
geneity results, meta-analysis results, and publication bias

assessment is shown in Table 6. The results of Begg’s and
Egger’s tests showed no publication bias. Heterogeneity tests
revealed significant heterogeneity in the allelic model (G
vs. A, ?=75.272%, P =0.007) and recessive model (GG
vs. AA+GA, 1>’=74.332%, P=0.009). Primary meta-anal-
ysis results showed that the allelic model (OR 1.131, 95%
CI 0.632, 2.023; P=0.679; Fig. 4a) and recessive model
(OR 1.158, 95% CI 0.506, 2.653; P=0.728; Fig. 4e) were
independent of MM risk. But heterogeneity was high, so

@ Springer
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Fig.2 Forest plot of the association between Taql(rs731236) and
multiple myeloma for the allelic model (a), homozygote model
(b), heterozygous model (c), dominant model (d), and recessive
model (e). The adjusted funnel plot of the association between Taql

Table 3 Trim-and-fill analysis of the eligible studies for the meta-
analysis of the association between multiple myeloma risk and Taql
(rs731236)

Genetic model Test of association Test of het-
erogeneity
OR 95% CI P Q P
CC versus TT 0.934 0.232,3.764 0.924 5.947 0.203
CCversus TT+TC 0.821 0.312,2.164 0.691 6.142 0.189

sensitivity analysis was carried out by removing trials one
by one. Removal of the data from Ni Zhai [21] reduced
the heterogeneity of allelic model and dominant model to
zero, and the results of meta-analysis became statistically

@ Springer

1
s.e. ol theta, liled

(rs731236) and multiple myeloma after adjustment by the trim-and-
fill method for the homozygote model (f) and recessive model (g).
The blank circles represent the original studies, whereas the blanked
squares represent the imputed studies

significant (allelic model: OR 1.398, 95% CI 1.180, 1.657,
P=0.000; recessive model: OR 1.686, 95% CI 1.174, 2.423;
P=0.005), as shown in Table 7.

There was no obvious heterogeneity in the homozygote
model (GG vs. AA, 1’=14.454%, P =0.320), heterozygous
model (GA vs. AA, ’=32.359%, P= 0.218), and dominant
model (GG + GA vs. AA, 1’=41.331%, P=0.164), so the
fixed-effect model was selected. The meta-analysis indi-
cated a highly significant association between BsmlI and the
risk of MM for the homozygote model (OR 1.918, 95% CI
1.293, 2.844; P=0.001; Fig. 4b) and heterozygous model
(OR 1.333,95% CI 1.058, 1.679; P=0.015; Fig. 4c), but
there was no association between Bsml and MM in dominant
model (OR 1.554,95% C10.827,2.922; P=0.171; Fig. 4d).



Clinical and Experimental Medicine

(2024) 24:118

Page 7 of 13

18

Table 4 Meta-analysis of the
association between multiple
myeloma risk and the Apal
(rs7975232)

Fig. 3 Forest plot for the associ-
ation between Apal (rs7975232)
and multiple myeloma for the
allelic model (a), homozygote
model (b), heterozygous model
(¢), dominant model (d), and
recessive model (e)

Genetic model

Test of association Test of hetero-

Test of publication bias

geneity
OR 95% CI P I? P Egger’s test (P) Begg’s test (P)
T versus G 1.101  0.771,1.572 0.598 71.414 0.015 0.691 1.000
TT versus GG 1.009 0.457,2.226 0983 71.520 0.015 0.483 1.000
TG versus GG 1.226  0.996,1.510 0.055 56.475 0.075 0.797 0.496
TT+TG versus GG 1.224 0.774,1.936  0.387 63.766 0.041 0.921 0.496
TT versus GG+TG 0941 0.498,1.779 0.851 65.229 0.043 0.406 1.000

a

e

Study name Subgroup within study  Statistics with study removed

Odds ratio (95% CI) with study removed

Favours A

Lower Upper
Point  limit  limit Z-Value p-Value
Hongbing RuiT vs G 1.013 0.655 1.566 0.058 0.954
Ni Zhai TvsG 1.076 0665 1.739 0298 0765
Peng Chen TwsG 1.031 0609 1.744 0113 0910
Syed Shafia Tvs G 1.292 1.101 1.517 3.144 0.002
1.101 0.771 1572 0527 0.598
0.01 0.1 10 100
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit  limit Z-Value p-Value
Hongbing RuiTT vs GG 1750 0.449 6825 0806 0420
Ni Zhai TTvs GG 0.849 0288 2502 -0.298 0.766
Peng Chen TTvs GG 1738 1.154 2619 2644 0008 =
Syed Shafia TT vs GG 0404 0178 0915 -2.172 0.030 ——
1.009 0457 2226 0021 0983
0.0 0.1 10 100
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit  limit Z-Value p-Value
Hongbing RuiTG vs GG 2265 0981 5226 1.916 0.055
Ni Zhai TGvs GG 1.841 0929 3.649 1749 0.080
Peng Chen TG vs GG 1197 0943 1519 1474 0140
Syed Shafia TG vs GG 0621 0302 1276 -1.296 0.195
1226 09% 1510 1921 0055
0.0 0.1 1 10 100
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit  limit Z-Value p-Value
Hongbing RUiTT+TG vs GG 2167 0967 4855 1879 0060
Ni Zhai TT+TG vs GG 1574 0834 2969 1400 0181
Peng Chen TT+TG vs GG 1.281 1023 1604 2162 0.031
Syed Shafia TT+TG vs GG 0534 0.269 1.058 -1.799 0072
1224 0774 1936 0.865 0387
0.01 0.1 1 10 100
Study name Subgroup within study  Statistics with study d Odds ratio {95% Cl) with study removed
Lower Upper
Point limit  limit Z-Value p-Value
Hongbing RuiTT vs GG+GT 0.896 0409 1.962 0275 0.783
Ni Zhai TT vs GG+GT 1.025 0476 2208 0063 0.950
Peng Chen TT vs GG+GT 0.651 0.395 1.074 -1.681 0.093
Syed Shafia TT vs GG+GT 1.270 0.749 2152 0.888 0.374
0.941 0498 1.779 -0.188 0.851
0.01 0.1 1 10 1

00

Favours B
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Table 5 Meta-analysis of the

o . Genetic model
association between multiple

Test of association

Test of hetero- ~ Test of publication bias

. geneity
myeloma risk and the Apal
(rs7975232) after the removal OR 95% CI P I? P Egger’s test (P) Begg’s test (P)
of the study by Syed Shafia
T versus G 1.292 1.101, 1.517 0.002 0.000 0.791 0.757 0.601
TT versus GG 1.600 1.106,2.314 0.013  0.000 0.473 0.587 0.601
TG versus GG 1.305 1.050,1.622 0.016 36.516 0.207 0.290 0.518
TT+TG versus GG 1.353 1.103,1.662 0.004 0.000 0.416 0.783 0.117
TT versus GG+TG 1411 0.988,2.017 0.058 26.291 0.258 0.363 0.601

Table 6 Meta-analysis of the

o . Genetic model
association between multiple

Test of association

Test of hetero-  Test of publication bias

. geneity

myeloma risk and Bsml

(rs1544410) OR 95% CI P I? P Egger’s test (P) Begg’s test (P)
G versus A 1.131 0.632,2.023 0.679 75.272 0.007 0.688 1.000
GG versus AA 1.918 1.293,2.844 0.001 14.454 0.320 0.470 0.496
GA versus AA 1.333 1.058,1.679 0.015 32.359 0.218 0.749 1.000
GG+GA versus AA  1.554 0.827,2.922 0.171 41331 0.164 0.605 0.496
GG versus AA+GA  1.158 0.506,2.653 0.728 74.332 0.009 0.928 1.000

Association between Fokl(rs2228570) and MM risk

There were 877 patients with MM and 1414 healthy controls
involved in the study. A summary of the heterogeneity analy-
sis, meta-analysis results, and publication bias assessment
is shown in Table 8. No substantial heterogeneity existed in
the allelic model (T vs. C, ’=0.000%, P= 0.458), dominant
models (TT+CT vs. CC, ?=0.000%, P= 0.703), recessive
model (TT vs. CC+CT, *=0.000%, P=0.71 0), homozygote
model (TT vs. CC, *=0.000%, P= 0.739), and heterozygous
model (CT vs. CC, ?=0.000%, P=0.668), and the test for
publication bias was not significant. Meta-analysis found that
Fokl is associated with MM risk in the allelic model (OR
1.687,95% CI 1.474, 1.931; P=0.000; Fig. 5a), homozy-
gote model (OR 2.829, 95% CI 2.066, 3.872; P=0.000;
Fig. 5b), heterozygous model (OR 1.579, 95% CI 1.304,
1.913; P=0.000; Fig. 5¢), dominant model (OR 1.771, 95%
CI 1.477, 2.125; P=0.000; Fig. 5d), and recessive model
(OR 2.409, 95% CI 1.814, 3.200; P=0.000; Fig. Se).

Discussion

Low level of vitamin D is related to increased risk of several
cancers [28]. Vitamin D regulates the process of oncogen-
esis through immunomodulation, antioxidant defense, and
DNA damage repair, which affects cancel cell proliferation
and apoptosis [29]. Previous studies have investigated the
relationship between VDR gene polymorphisms and MM

@ Springer

[19-24]. However, the results of different studies are contro-
versial. We therefore performed this meta-analysis to com-
prehensively evaluate these inconclusive findings.

Taql (rs731236) is located at codon 352 in exon 9 of VDR
gene, which creates a Taql restriction site and related to
transcriptional activity, mRNA stability, and the serum level
of 1,25(0OH),D; [30, 31]. Previous studies have reported that
MM patients have a significantly greater frequency of the C
allele at the Taql than healthy controls [19, 23], but other
studies have reached inconsistent conclusions [21, 22]. We
included 342 patients and 336 controls from four studies.
The results from this meta-analysis showed that Taql is asso-
ciated with MM in the dominant model and heterozygous
model but is independent of MM risk in the allelic model,
homozygote model, and recessive model.

Apal (rs7975232) is positioned in intron 8 near the 3’
end of VDR gene and has the potential to affect alternative
splicing of the VDR mRNA [32]. Four studies did not sup-
port the association between Apal and MM risk [20, 21, 23,
24], but one study reached the opposite conclusion [22].
In this meta-analysis, 689 patients and 1222 controls were
included. There was heterogeneity in the primary analysis,
and the heterogeneity disappeared after the elimination of
the study from Syed Shafia [24]. Syed Shafia’s study includ-
ing individuals of Kashmiri ethnicity, while the subjects of
the remaining four study subjects were of the Chinese Han
ethnicity, which suggests that ethnicity might be the source
of the heterogeneity. The meta-analysis results showed that
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Fig.4 Forest plots of the asso-
ciation of BsmlI (rs1544410)
and multiple myeloma for the
allelic model (a), homozygote
model (b), heterozygous model
(c¢), dominant model (d), and
recessive model (e)

Table 7 Meta-analysis of the
association between multiple
myeloma risk and Bsml
(rs1544410) polymorphism
after the removal of the study
by Ni Zhai

d

Study name Subgroup within study Statistics for each study

Odds Lower Upper

ratio  limit  limit Z-Value p-Value
Hongbing Rui Gvs A 2.317 0611 B783 1236 0216
Ni Zhai GvsA 0.223 0.077 0.650 -2.751 0.006
Peng Chen GuwvsA 1.352 1.124 1628 3196 0.001
Raman KumarG vs A 1.620 1.027 2556 2074 0038

1.131 0632 2023 0414 0679
Study name Subgroup within study Statistics for each study

Odds Lower Upper

ratio  limit  limit Z-Value p-Value

Hongbing Rui GG vs AA 1.533 0.05741431 0254 0799
Ni Zhai GG vs AA 0.145 0.008 2.669 -1.300 0.194
Peng Chen GG vs AA 1.898 1.217 2960 2.828 0.005
Raman KumarGG vs AA 2648 1.050 6.679 2083 0.038

1.918 1293 2.844 3240 0.001
Study name Subgroup within study Statistics for each study

Odds Lower Upper

ratic  limit  limit Z-Value p-Value
Hongbing Rui GA vs AA 0.407 001312638 -0.512 08608
Ni Zhai GA vs AA 0434 0020 2340 -0533 059
Peng Chen GAvs AA 1.265 0.993 1611 1904 0.057
Raman KumarGA vs AA 2.866 1.252 6558 2492 0013

1.333 1058 1679 2438 0.015
Study name Subgroup within stu Statistics for each stu

Odds Lower Upper

ratio  limit  limit Z-Value p-Value
Hongbing Rui GG+GA vs AA 1.145 0.04430.043 0.081 0935
Ni Zhai GG+GA vs AA 0.168 0.009 3.096 -1.200 0.230
Peng Chen GG+GA vs AA 1.355 1.079 1.701 2614 0009
Raman KumarGG+GA vs AA 2786 1.278 6.072 2577 0.010

1.554 0.827 2922 1369 0171
Study name Subgroup within study Statistics for each study

Odds Lower Upper

ratio  limit  limit Z-Value p-Value
Hongbing Rui GG vs AA+GA 3238 072014572 1531 0.126
Ni Zhai GG vs AA+GA 0.246 0.081 0.744 -2.483 0.013
Peng Chen GG vs AA+GA 1.746 1.130 2699 2509 0.012
Raman KumarGG vs AA+GA 1.314 0636 2718 0.738 0461
1.158 0.506 2653 0.347 0728

Odds ratio and 95% CI

0.01 0.1 1 10

Favours A

100

Favours B

0Odds ratio and 95% CI

0.01 01 1 10 100

Favours A Favours B

Odds ratio and 95% CI

0.01 0.1 1 10 100

Favours A Favours B

Odds ratio and 95% CI

——

0.01 0.1 1 10 100

Favours A Favours B

Odds ratio and 95% CI

| E
0.01 0.1 1 10

Favours A

100

Favours B

Genetic model

Test of association

Test of hetero-

Test of publication bias

geneity
OR 95% CI P I? P Egger’s test (P)  Begg’s test (P)
G versus A 1.398 1.180,1.657 0.000 0.000 0.582 0.113 0.117
GG versus AA+GA  1.686 1.174,2.423 0.005 0.000 0.549 0.723 0.601

@ Springer



118 Page 10 of 13

Clinical and Experimental Medicine (2024) 24:118

Table 8 Meta-analysis of the
association between multiple

Genetic model

Test of association

Test of hetero-  Test of publication bias

. geneity

myeloma risk and FokI

(rs2228570) OR 95% CI P ? P Egger’s test (P) Begg’s test (P)
T versus C 1.687 1.474,1.931 0.000 0.000 0.458 0.940 0.850
TT versus CC 2.829 2.066,3.872 0.000 0.000 0.739 0.876 0.188
TC versus CC 1.579 1.304,1.913 0.000 0.000 0.668 0.819 0.850
TT+TC versus CC 1.771  1.477,2.125 0.000 0.000 0.703 0.947 0.573
TT versus CC+TC 2.409 1.814,3.200 0.000 0.000 0.710 0.882 0.573

Apal is correlated with MM risk in the allelic model, domi-
nant model, and homozygote model.

Previous studies reported that Bsml (rs1544410) is
located at the 3’ end of the noncoding region of VDR gene,
and enhances the stability and transcriptional activity of
VDR gene [30]. Previous studies reported that Bsml is sig-
nificantly associated with MM risk [21-23], but one study
reported that there is no association [20]. This meta-analysis
included 689 cases and 1147 healthy controls. Removing the
data from Ni Zhai’s study [21] reduced the heterogeneity in
the allelic model and dominant model, and the meta-analy-
sis indicated a highly significant association between Bsml
and the risk of MM in the allelic model, recessive model,
homozygote model and heterozygous model.

FokI (rs2228570) is located in exon 2 of VDR gene. The
association between FokI polymorphism and increased MM
risk was described in four studies [19, 20, 22, 24], whereas
opposite results were reported in the other two studies
[21, 23]. In this meta-analysis, we pooled data of 877 MM
patients and 1414 healthy controls from six studies. The
meta-analysis revealed that FokI is associated with MM
risk in the allelic model, dominant model, recessive model,
homozygote model, and heterozygous model. Collectively,
individuals with the T genotype had a significantly greater
risk of MM than those with the C genotype. Previous studies

@ Springer

have reported that the C to T conversion causes shortening
of the generated proteins by three amino acids and the loss of
the FokI-recognition site, causing the VDR to be less effec-
tive as a transcriptional activator and resulting in a lower
vitamin D status, thus, decreasing the anti-cancer effects of
vitamin D [33].

In this study, a meta-analysis to evaluate the polymor-
phisms of VDR gene (FokI, BsmlI and Apal) and MM risk
was performed for the first time, and Taql, Fokl, Apal, and
Bsml polymorphisms were found to be associated with
MM risk. However, SNPs have geographical and ethnic
differences; the results of this meta-analysis may be dif-
ficult to extrapolate to non-Asian populations because the
included studies examining the association between VDR
polymorphisms and MM were limited to Asian partici-
pants. The association between VDR gene polymorphisms
and MM has not been widely studied, resulting in the rel-
atively small number of included studies. Further high-
quality studies with multiple ethnicities and larger sample
sizes are needed. Although a meta-analysis of VDR gene
polymorphisms and MM risk provides valuable informa-
tion, we must be cautious in how interpret these associa-
tions and continue to conduct in-depth research to reveal
the potential underlying biological mechanism involved.
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Fig.5 Forest plots for the a
association between FokI Study name Subgroup within study Statistics for each stu Odds ratio and 95% CI
(rs2228570) and multiple Odds Lower Upper
myeloma risk for the allelic ratio  limit limit Z-Value p-Value
model (a), homozygote model Hongbing Rui Tvs C 1.330 0.774 2285 1.031 0302
(b), heterozygous model (c), Ni Zhai TvsC 1.525 0967 2403 1.816 0.069
dominant model (d) and reces- PengChen TwsC 1670 1.390 2.005 5486 0.000 .
. ’ YanfangHe TwvsC 1463 1011 2118 2019 0043
sive model (e) Raman KumarT vs C 1980 1.142 3431 2435 0.015 ——
Syed Shafia TvsC 2385 1.583 3.571 4222 0.000 —-
1687 1474 1931 7591 0.000 0
0.01 0.1 1 10 100
b Favours A Favours B
Study name Subgroup within study Statistics for each stu Odds ratio and 95% CI
Odds Lower Upper
ratio  limit  limit Z-Value p-Value
Hongbing Rui TT vs CC 2308 0.712 7483 1393 0.164 -1
Ni Zhai TTvsCC 2424 0941 6243 1.834 0.067 o
PengChen TTwsCC 2624 1663 4.138 4.148 0.000 E 3
YanfangHe TTwvsCC 2407 1.075 5393 2135 0.033 ——
Raman KumarTT vs CC 2811 066011966 1.398 0.162 —
Syed Shafia TTwvsCC 5.333 233812167 3.978 0.000
2829 2086 3.872 6489 0.000 O
0.01 0.1 1 10 100
Favours A Favours B
C Study name Subgroup within study Statistics for each stu Odds ratio and 95% CI
Odds Lower Upper
ratic  limit limit Z-Value p-Value
Hongbing Rui TC vs CC 0.953 0411 2213 -0.112 0911 —_——
Ni Zhai TCvsCC 1.196 0571 2.508 0475 0635 —-—
Peng Chen TCwsCC 1.656 1.303 2.104 4.122 0.000 [ |
Yanfang He TCwvsCC 1.389 0.765 2558 1.088 0.276 T
Raman KumarTC vs CC 2249 1117 4528 2269 0.023 ——
Syed Shafia TCvs CC 1.590 0746 3.390 1.200 0230 -+
1.579 1.304 1913 4668 0.000 O
0.01 01 1 10 100
d Favours A Favours B
Study name Subgroup within study Statistics for each stu Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Hongbing Rui TT+TC vs CC 1.154 0518 2563 0.351 0725
Ni Zhai TT+TCvs CC 1.480 0735 2979 1.087 0273
Peng Chen TT+TC vsCC 1.779 1417 2234 4965 0.000 =2
Yanfang He TT+TCwvs CC 1593 0.893 2840 1577 0115
Raman KumarTT+TC vs CC 2322 1191 4.527 2473 0.013 ——
Syed Shafia TT+TC vs CC 2471 1,219 5008 2510 0.012 ——
1771 1477 2125 6.157 0.000 O
0.0 0.1 : 10 100
Favours A Favours B
e Study name Subgroup within study Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Hongbing Rui TT vs CC+TC 2.375 0.820 6879 1594 0.111 T——
Ni Zhai TT vs CC+TC 2164 0.950 4.931 1837 0.086 ———
Peng Chen TTwvs CC+TC 2174 1392 3395 3414 0001 E
Yanfang He TT vs CC+TC 1.932 0.959 38983 1.842 0.066 -
Raman KumarTT vs CC+TC 2.087 0.502 8675 1.012 0.311 e
Syed Shafia TT vs CC+TC 3807 2076 7.353 4224 0000
2409 1814 3200 6.074 0.000 (¢
0.01 0.1 1 10 100
Favours A Favours B
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