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Common variants of vitamin D receptor gene 
polymorphisms and risk of gastric cancer
A meta-analysis
Min Guan, MMa, Yong Wang, MMb,*

Abstract 
Background: While earlier studies have suggested that variations in the vitamin D receptor (VDR) gene could influence the 
susceptibility to gastric cancer (GC), the results have shown inconsistency. This meta-analysis aimed to examine the association 
of 5 common polymorphisms in VDR, including Taq1 rs731236 (T > C), FokI rs2228570 (C > T), Cdx2 rs11568820 (G > A), BsmI 
rs1544410 (G > A), and ApaI rs7975232 (G > T) with the risk of GC.

Methods: A comprehensive search was carried out in PubMed, Web of Science, and Scopus to identify relevant studies 
published until January 2024. Odds ratios (ORs) with 95% confidence intervals (CIs) were utilized to assess the magnitude of 
associations.

Results: Nine studies, with 2837 participants (1215 GC cases and 1622 healthy controls), were eligible. The FokI rs2228570 
polymorphism showed a significant correlation with heightened susceptibility to GC under the recessive model (OR = 1.52; 95% 
CI: 1.06–2.19) and homozygote comparison (TT vs CC; OR = 1.59; 95% CI: 1.09–2.31). Taq1 rs731236 was also linked to 
an elevated risk of GC under the same models (recessive OR = 1.65; 95% CI: 1.14–2.39; homozygote OR = 1.68; 95% CI: 
1.11–2.54). In the sensitivity analysis, when studies not adhering to Hardy–Weinberg equilibrium were excluded, the relationship 
between FokI rs2228570 polymorphism and GC disappeared, while the association for Taq1 rs731236 remained consistent. No 
significant association was identified for BsmI rs1544410, ApaI rs7975232, and Cdx2 rs11568820.

Conclusion: This study revealed that FokI rs2228570 and Taq1 rs731236 polymorphisms of VDR might be linked to the odds 
of GC.

Abbreviations: CIs = 95% confidence intervals, GC = gastric cancer, HWE = Hardy–Weinberg equilibrium, NOS = Newcastle-
Ottawa Scale, ORs = Odds ratios, VDR = vitamin D receptor.

Keywords: gastric cancer, meta-analysis, polymorphisms, vitamin D receptor

1. Introduction
Gastric cancer (GC), ranking as the fourth most prevalent cancer 
globally, continues to pose a substantial health issue, with high 
morbidity and mortality rates.[1] Based on the GLOBOCAN 
2020 evaluations, GC resulted in around 800,000 fatalities, 
representing 7.7% of total cancer-related deaths.[2] The etiology 
of GC is multifactorial, involving complex interactions between 
genetic and environmental factors.[3] The primary risk factor 
for GC is chronic infection with Helicobacter pylori.[4] Alcohol 
consumption, being male, infection with Epstein Barr virus, 
increasing age, obesity, unhealthy diet, tobacco use, previous 
stomach surgery, and pernicious anemia have been involved 
in the ethology of GC.[3,5–7] Furthermore, it is widely acknowl-
edged that genetic factors may contribute to the development 
of GC.[8]

It has been indicated that a higher vitamin D level is linked 
to a lower risk of GC and it is believed to play a crucial role 
in suppressing the growth of g GC cells.[9] Research suggests 
that GC patients often exhibit vitamin D deficiency.[10] Vitamin 
D has the potential to impact cancer progression by affecting 
multiple signaling pathways related to cell apoptosis, metasta-
sis, invasion, and proliferation.[11] The function of vitamin D is 
mediated through the vitamin D receptor (VDR). The VDR is 
situated on the chromosome region 12q13.1, spanning about 
75 kilobases with a length of 63,493 nucleotides.[12] While mul-
tiple genetic single nucleotide polymorphisms (SNP) have been 
discovered in the VDR gene, the FokI (rs2228570 C > T), TaqI 
(rs731236 T > C), BsmI (rs544410 G > A), ApaI (rs7975232 
G > T), and Cdx2 (rs11568820 G > A) are the most prevalent 
variations, and could alter the ability of vitamin D to bind to 
the receptor by impacting VDR expression. Accordingly, their 
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correlation with the risk of cancer have been studied broadly. 
VDR genetic variations have been recognized to be related to 
the susceptibility to different types of malignancies like colon, 
breast, lung, and ovarian.[13–16] However, the influence of VDR 
gene changes on the susceptibility to GC remains uncertain. 
Some studies have explored the correlation between VDR 
gene SNPs and the susceptibility to GC, yet the findings have 
shown variability with positive[17] and null[7] associations. The 
discrepancies in the results of prior studies could be attributed 
to variations in sample size, geographic location, and ethnicity. 
This meta-analysis sought to quantitatively assess the connec-
tion between VDR gene polymorphisms and the susceptibility 
to GC.

2. Materials and methods
study was carried out by following the PRISMA guidelines.[18] 
This review used the data from the previously published studies 
and ethical approval was not applicable for this type of study.

2.1. Search strategy

A thorough search without language restrictions was carried 
out in PubMed, Web of Science, and Scopus to identify perti-
nent studies published up to January 2024. with the use of the 
following search strategy: ((((((“Receptors, Calcitriol”[Mesh]) 
OR (Calcitriol Receptor[Title/Abstract])) OR (vitamin d 
receptor[Title/Abstract])) OR (VDR[Title/Abstract])) AND 
(((((((((“Polymorphism, Genetic”[Mesh] OR “Polymorphism, 
Single Nucleotide”[Mesh]) OR (Polymorphism*[Title/
Abstract])) OR (variation*[Title/Abstract])) OR (variant*[Ti-
tle/Abstract])) OR (mutation[Title/Abstract])) OR (SNP[Title/
Abstract])) OR (SNPs[Title/Abstract])) OR (allele[Title/
Abstract])) OR (genotype[Title/Abstract]))) AND ((stom-
ach[Title/Abstract]) OR (gastric[Title/Abstract]))) AND 
((((((tumor[Title/Abstract]) OR (cancer[Title/Abstract])) OR 
(neoplasm[Title/Abstract])) OR (neoplasia[Title/Abstract])) 
OR (carcinoma[Title/Abstract])) OR (adenocarcinoma[Title/
Abstract])). Moreover, the citations in pertinent articles were 
manually reviewed to discover any additional suitable studies.

2.2. Inclusion and exclusion criteria

The studies were considered eligible based on the following 
criteria: assessed the association of VDR SNPs with the odds 
of GC, studies were case–control in design, reported genotype 
frequencies of SNPs in both cases and controls, and studies 
were conducted on human subjects. Experiments on animals, 
reviews, comments, letters, republished studies, editorials, and 
studies with unextractable data on genotype frequencies in cases 
and controls were excluded. Two independent researchers con-
ducted the study selection process and arrived at a final consen-
sus in case of disagreement through discussion.

2.3. Data extraction and quality assessment

Data collected from each study included the first author’s 
name, the Hardy–Weinberg equilibrium (HWE) status, geno-
type distribution for both cases and controls, total sample size, 
number of GC cases and healthy controls, country, ethnicity, 
percentage of males, and mean age of cases and controls. In 
cases where multiple studies on the same population were pub-
lished sequentially, only the latest study was taken into con-
sideration. The Newcastle-Ottawa Scale (NOS) was utilized 
to assess the methodological quality of the included studies 
employed to evaluate the quality of the publications included 
in the analysis.[19] Studies with scores 4 to 6 were categorized 
as moderate quality and studies with scores 7 to 9 were clas-
sified as high quality based on their NOS score. The eligibility 

assessment and quality assessment processes were conducted 
by 2 authors independently, and any differences were fixed 
using a discussion.

2.4. Statistical analysis

To evaluate the adherence to the HWE in control groups, the 
chi-squared test was applied, where a P-value < .05 indicated 
significant disequilibrium. The risk of GC linked to the 5 com-
mon SNPs of the VDR gene was determined by pooling odds 
ratio (OR) along with its 95% confidence interval (CI) in 5 
genetic models, comprising the dominant, allelic, heterozy-
gote, recessive, and homozygote models. The heterogeneity was 
tested using the χ2 test, and a significance level of P < .10 was 
deemed significant. Due to the expected heterogeneity, the data 
was consolidated utilizing the random effects model. To gauge 
the dependability of the pooled effect sizes, a sensitivity analysis 
was carried out by excluding studies that did not adhere to the 
HWE from the primary analyses. To evaluate publication bias, 
funnel plots and Egger test were employed, with P values below 
.05 regarded as statistically significant. All analyses were per-
formed using MetaGenyo web tool.[20]

3. Results

3.1. Study characteristics

The databases systematic search yielded 121 publications. 
Following the removal of 24 duplicates, an additional 80 stud-
ies were excluded due to irrelevant titles and abstracts. After a 
comprehensive full-text screening, 8 papers were excluded due 
to being irrelevant in terms of exposure or outcome, reviews, 
republished studies, or the genotype frequencies were not 
obtainable. Finally, 9 studies,[7,12,13,17,21–25] with 2837 subjects 
(GC cases: 1215, healthy controls: 1622), exploring the associ-
ations of 5 common SNPs in VDR with GC were analyzed. The 
flow diagram of the screening process of evaluated publications 
is presented in Figure 1. Data for FokI rs2228570 (C > T) were 
reported in 7 studies,[7,12,13,17,21–23] for Taq1 rs731236 (T > C) in 
4 studies,[7,12,23,24] for BsmI rs1544410 (G > A) in 2 studies,[12,24] 
for ApaI rs7975232 (G > T) in 2 studies,[12,24] and for Cdx2 
rs11568820 (G > A) in 3 studies.[13,22,25] The publication dates 
spanned from 2015 to 2021. The sample size of the included 
articles varied from 87 to 938 subjects. The mean age of cases 
was between 53.5 ± 7.92 and 65.06 ± 8.37 years. Most stud-
ies focused on Asian populations,[12,13,17,21–25] with only 1 study 
examining Caucasians.[7] The percentage of males in the stud-
ies populations ranged from 46.9% to 67.4%. In the controls 
of 5 studies, genotype distributions adhered to HWE,[7,13,17,22,25] 
while in 4 studies, they exhibited deviations from HWE.[12,21,23,24] 
According to the NOS scale, the quality of the analyzed studies 
was classified as moderate to high, with scores ranging from 
5 to 9. The detailed information of the eligible publications is 
outlined in Table 1.

3.2. Quantitative data synthesis

Overall, the FokI rs2228570 SNP was significantly linked to ele-
vated odds to GC under the recessive and (OR = 1.52; 95% CI: 
1.06–2.19, P heterogeneity = .02) and homozygote (TT vs CC; 
OR = 1.59; 95% CI: 1.09–2.31, P heterogeneity = .05) models, 
with significant heterogeneity among studies (Fig. 2). Moreover, 
Taq1 rs731236 was found to be linked to the elevated risk of 
GC in the recessive and (OR = 1.65; 95% CI: 1.14–2.39, P 
heterogeneity = .96) and homozygote (TT vs CC; OR = 1.68; 
95% CI: 1.11–2.54, P heterogeneity = .94) models; no between 
study heterogeneity was observed (Fig. 3). No significant rela-
tionship was identified between BsmI rs1544410 (Fig. 4), ApaI 
rs7975232 (Fig. 5), and Cdx2 rs11568820 (Fig. 6).
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3.3. Sensitivity analysis

In the sensitivity analysis, after excluding 3 studies which were 
not in HWE,[12,21,23] the observed relationship between FokI 
rs2228570 polymorphism and GC was disappeared (recessive 
model: OR = 1.19, 95% CI: 0.83–1.72; homozygote model: 
OR = 1.33, 95% CI: 0.77–2.31), showing that this finding might 
be at risk of bias. For Taq1 rs731236, the pooled ORs remained 
consistent even after excluding the study by Hoseinkhani et al[12] 
that did not adhere to HWE (recessive model: OR = 1.64, 95% 
CI: 1.004–2.68; homozygote model: OR = 1.84, 95% CI: 1.08–
3.13), indicating the reliability of the findings.

3.4. Publication bias

The results of Egger test indicated the absence of publication 
bias for FokI rs2228570 polymorphism (Fig. 7). Due to the lim-
ited number of studies, publication bias tests were not carried 
out for other polymorphisms.

4. Discussion
This meta-analysis sought to investigate the association between 
common VDR variants and the odds of GC. The results indi-
cated that Taq1 rs731236 polymorphisms was linked to a higher 
likelihood of GC. Furthermore, there was a weak evidence for 
the elevated odds of GC for the FokI rs2228570 SNP.

The relationship between VDR variants and GC has shown 
conflicting results in previous studies.[7,23] In the study by 
Eom et al[26] in a Korean population, VDR SNPs (rs4516035, 
rs1544410, and rs2239179) were not linked to GC. In con-
trast, in line with this meta-analysis, a case–control study 
on 564 Chinese subjects by Shen et al[27] found a significant 
correlation between the TaqI polymorphism and GC and no 
association was found for ApaI. Variations in the findings of 
previous studies could be attributed to differences in sam-
ple size, ethnicity, or environmental factors like geographic 
location, dietary habits, and levels of physical activity. In this 
meta-analysis, a significant association of FokI and TaqI vari-
ants of VDR with GC was disclosed. Understanding these 

genetic variations could potentially aid in identifying individ-
uals at higher risk for developing GC, allowing for targeted 
screening and early intervention strategies. Additionally, these 
findings may contribute to personalized treatment approaches 
and the development of novel therapeutic interventions tai-
lored to individuals with specific VDR gene variants associated 
with GC susceptibility. The VDR gene polymorphisms exam-
ined in this meta-analysis, such as FokI rs2228570 and TaqI 
rs731236, are not specific to GC, as they have been associated 
with various other cancer types as well. The associations found 
are likely due to the broader role of the VDR gene in cancer 
biology, rather than being specific to GC. While these polymor-
phisms may influence the risk of GC, they are not necessarily 
specific to this cancer type. The VDR gene is involved in the 
regulation of various cellular processes, and its polymorphisms 
have been linked to the development of multiple cancer types. 
Further research is needed to identify potential GC-specific 
genetic markers or risk factors.

Multiple mechanisms mediated by VDR signaling contrib-
ute to its anticancer impacts. VDR signaling has the capabil-
ity to prompt G0/G1 cell cycle arrest along with the increase 
in expression of various cell cycle inhibitors such as P21 and 
P27. Moreover, it can trigger cell cycle arrest at the G2/M 
phase and elevate the levels of E-cadherin and desmosomes, 
which promote apoptosis, improve adhesion, and inhibit the 
migration of cancer cells.[12] The increased risk of GC asso-
ciated with the FokI and TaqI SNPs may be justified by sev-
eral biological mechanisms. Among VDR gene SNPs, the FokI 
variant is not in linkage disequilibrium with other polymor-
phic sites, indicating that it is independent in terms of genetic 
inheritance.[28] A potential mechanism could involve alterations 
in VDR function/expression,[29] leading to dysregulation of 
cell growth, differentiation, immune responses, inflammation, 
tumor suppression pathways, and apoptosis in gastric tis-
sues.[30–32] One key aspect of the FokI polymorphism is that it 
involves a T-to-C transition (ATG to ACG) in exon 2 of the 
VDR gene, where the ATG sequence encodes the translation- 
initiation codon of VDR mRNA (referred to as the T or f allele).[17] 
This T-to-C transition leads to a change in the translation start 
site, causing the production of a truncated protein lacking part 

Figure 1.  Flow diagram of the study.
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of the N-terminal activation domain.[33] This alteration might 
affect the ability of the VDR protein to bind to its response 
elements or interact with cofactors, potentially impacting the 
regulation of downstream targets involved in cell growth, apop-
tosis, and inflammation – all processes relevant to carcinogene-
sis.[12,17,29,34] Additionally, the FokI polymorphism has been linked 

to variations in serum vitamin D levels, which play a crucial role 
in maintaining normal cellular functions and preventing cancer 
progression.[17] Lower serum vitamin D levels have been observed 
in populations carrying the FokI variant, suggesting that the 
polymorphism may contribute to impaired vitamin D signaling  
pathways.[35]

Figure 2.  Meta-analysis of the association between FokI rs2228570 C > T polymorphism with gastric cancer in allelic (A), dominant (B), recessive (C), hetero-
zygote (CT vs CC) (D), and homozygote (TT vs CC) (D) models.
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In contrast, the TaqI polymorphism in exon 9 also involves 
a T-to-C alteration, but in this case, it results in a synonymous 
change that impacts the mRNA levels of the VDR protein.[7] 
TaqI polymorphism may modify alter transcriptional activ-
ity, and negatively affects VDR binding affinity to regulatory 
elements, which disrupt the balance between cell growth, 

differentiation, and apoptosis, thus promoting GC develop-
ment.[36,37] Although the TaqI polymorphism does not result in 
an amino acid change due to being synonymous, it may still indi-
rectly affect the folding and conformational properties of the 
VDR protein, thereby influencing its interactions with ligands 
and corepressors.[38] The T allele of the TaqI polymorphism is 

Figure 3.  Meta-analysis of the association between Taq1 rs731236 T > C polymorphism with gastric cancer in allelic (A), dominant (B), recessive (C), heterozy-
gote (CT vs TT) (D), and homozygote (CC vs TT) (D) models.
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associated with increased transcriptional activity, mRNA sta-
bility, and elevated serum levels of 1,25(OH)2D3, the active 
form of vitamin D.[38] Higher levels of 1,25(OH)2D3 may pro-
mote cell cycle arrest and inhibit cell proliferation.[12] The TaqI 
polymorphism affects the binding affinity of VDR to specific 
regulatory elements, possibly leading to changes in gene expres-
sion patterns related to cell survival, proliferation, and apopto-
sis, which all are involved in carcinogenesis.[12,39] Recent studies 
have suggested that VDR gene polymorphisms may influence 
the response to H. pylori treatment, which could have signifi-
cant implications for the understanding the relation of VDR to 
GC.[40] H. pylori infection is a well-established risk factor for 
the development of GC.[41] The VDR gene plays a crucial role 
in the regulation of immune responses and inflammation, both 
of which are important in the context of H. pylori infection 

and gastric carcinogenesis.[7] Some studies have reported that 
specific VDR gene polymorphisms, such as FokI rs2228570 
and ApaI rs7975232, are associated with the success or failure 
of standard triple therapy for H. pylori eradication, with the 
CC genotype of FokI rs2228570 and ApaI rs7975232 SNPs 
being more resistant to eradication.[40] These findings sug-
gest that VDR gene polymorphisms may influence the host’s 
immune response and inflammatory processes, which in turn 
could affect the efficacy of H. pylori treatment. This could have 
significant implications for GC prevention, as the effectiveness 
of H. pylori eradication therapy might impact the risk of GC 
development. However, it should be noted that more extensive 
research is required to fully understand the complex interplay 
between the VDR polymorphism, vitamin D signaling, and GC 
development. Future investigations involving functional assays, 

Figure 4.  Meta-analysis of the association between BsmI rs1544410 G > A polymorphism with gastric cancer in allelic (A), dominant (B), recessive (C), hetero-
zygote (AG vs GG) (D), and homozygote (AA vs GG) (D) models.
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mechanistic studies, and larger cohorts will help elucidate the 
precise roles of the VDR polymorphism in GC risk and provide 
valuable insights into potential therapeutic strategies.

To our knowledge, this is the first meta-analysis investigat-
ing the connection between VDR variants and the risk of GC. 
The strength of the study include a comprehensive overview 
of the association between 5 common SNPs in VDR and GC 
risk. Furthermore, we conducted a search for studies in all lan-
guages and incorporated research in Chinese, thereby reduc-
ing the likelihood of publication bias. Some limitations of this 
meta-analysis need to be taken into account when interpret-
ing the findings. First, since studies recruited a combination 
of males and females and 8 out of 9 articles included in this 
meta-analysis were on Asian populations, subgroup analysis 
was not conducted to obtain possible gender- and ethnicity- 
specific associations. Thus, these findings may not be gener-
alizable to other ethnicities, such as Africans and Caucasians. 

Future studies are required to explore the relation of VDR vari-
ants to GC in subgroups of males and females as well as in 
various ethnicities. Second, significant evidence of heterogene-
ity was observed for some of the SNPs. Third, the significance 
of gene-environment interactions and gene–gene interactions in 
the development of GC has been acknowledged. As a result of 
insufficient data from the primary studies, these interactions 
could not be taken into account in this meta-analysis. Lastly, 
in the sensitivity analysis, the relationship between the FokI 
rs2228570 polymorphism and GC disappeared after excluding 
studies that were not in HWE, suggesting that this finding may 
be susceptible to bias. Therefore, the pooled effect size for the 
FokI variant should be interpreted with caution, and it is import-
ant for this to be confirmed in future studies. Deviations from 
HWE can indicate issues with genotyping errors, population 
stratification, or other factors that may affect the validity of the 
genetic association findings. However, in certain populations, 

Figure 5.  Meta-analysis of the association between ApaI rs7975232 G > T polymorphism with gastric cancer in allelic (A), dominant (B), recessive (C), hetero-
zygote (GT vs GG) (D), and homozygote (TT vs GG) (D) models.
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deviations from HWE may not necessarily indicate problems 
with the data, but rather reflect the complex demographic and 
genetic characteristics of the studied population. While several 
studies have identified significant links between genetic varia-
tions and diseases in cases where the genotype distribution in 
the control population departed from HWE, such deviations 
could potentially stem from genotype inaccuracies and biases 
in control selection.[42] Therefore, in the sensitivity analysis, 
we excluded studies where genotype frequencies in the control 
population deviated from HWE to evaluate the stability of the 
combined effect estimates.

5. Conclusions
In conclusion, this meta-analysis disclosed that Taq1 rs731236 
and FokI rs2228570 SNPs in VDR might be linked to GC risk. 
Addition research is required to validate this conclusion in dif-
ferent ethnicities. Future research should focus on exploring the 
interplay between VDR SNPs and environmental factors, thus 
helping to elucidate the relation of VDR SNPs to GC.
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