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Association Between the Tagl (rs731236 T>C)
Gene Polymorphism and Dental Caries Risk:
A Meta-analysis

Wei Lei,® Haonan Tian, " and Yinlan Xia'™2

Objective: This study investigated the association of the Tagl (rs731236 T>C) polymorphism in the VDR gene
with dental caries.

Methods: A comprehensive literature search was performed in PubMed, Web of Science, Embase, SinoMed
(the Chinese biomedical literature service system), and the Wiley Online Library. Overall comparisons and
subgroup analyses based on ethnicity and the presence of dental caries in dentition were performed. Odds ratios
(ORs) with 95% confidence intervals (ClIs) were calculated to assess associations between gene polymorphisms
and the risk of dental caries.

Results: Seven articles were included in this meta-analysis. The pooled results revealed a significant association
of the Tagql (rs731236 T>C) polymorphism with dental caries in the allele contrast model (C vs. T: OR=1.24,
95% CI=1.07-1 44 P=42%, p=0.005) and in the recessive genetic model (CC vs. TT/CT: OR=1.38, 95%
CI=1.03-1.84, F=0%, p=0.03). A stratified analysis based on ethnicity revealed a significant association
between the Tagl (rs731236 T>C) polymorphism and the risk of dental caries in Asians (C vs. T: OR=1.28,
95% CI=1.06-1.54, I’=60%, p=0.009). Subgroup analysis based on the presence of dental caries in dentition
found a significant association of the Tagl (rs731236 T>C) polymorphlsm with permanent tooth caries in the
allele contrast model (C vs. T: OR=1.40, 95% CI=1.11-1.77, ’=76%, p=0.005) and the recessive genetic
model (CC vs. TT/CT: OR =1.44, 95% CI=1.03-2.00, I*=0%, p=0.03).

Conclusion: The results of this meta-analysis suggest that the C allele and CC genotype of the Tagl (rs731236
T>C) polymorphism in the VDR gene are associated with an increased risk of dental caries.
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Introduction

T HE WORLD HEALTH ORGANIZATION (WHO) lists dental
caries as the third leading major disease that seriously
affects human health (after cancer and cardiovascular dis-
ease). According to the WHO, the decayed-missing-filled
index decreased worldwide with the development of stoma-
tology, but dental caries still affect the physical attributes and
quality of life of 60-90% of school-aged children and most
adults (Petersen, 2003). Untreated dental caries may lead to a
series of problems, such as pain, malocclusion, tooth loss, and
abscesses, which affect growth and development in children
(Sheiham, 2006; Opal et al., 2015; Zhang et al., 2020). Caries
is a complex and multifactorial disease caused by environ-

mental factors, such as cariogenic bacteria, diet, oral hygiene
and host factors, and genetic factors. However, some people
are more likely to be affected with caries when exposed to
similar environmental risk factors (Gustafsson et al., 1954,
Yildiz et al., 2016). Increasing evidence indicates that he-
reditary factors may be linked to caries susceptibility
(Piekoszewska-Zigtek et al., 2017), and >40% of caries risk is
due to genetic factors (Bretz et al., 2005). Some dental caries
susceptibility genes were studied. These genes are related to
amelogenesis, mineralization, immune reaction, taste, and
saliva (Vieira et al., 2014).

Vitamin D plays an important role in tooth formation, es-
pecially in the calcification of enamel and dentin (Berdal ez al.,
1987), and it controls the expression of classical 1,25(OH),D5
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target genes and dental proteins in the body (Papagerakis et al.,
2002). The teeth of vitamin D-deficient rats show obvious
variations and abnormalities in morphogenesis and cell dif-
ferentiation (Berdal er al., 1987). A meta-analysis found that
vitamin D supplementation reduced the risk of dental caries by
47% (Hujoel, 2013). The standard level of vitamin D in the
blood is also related to dental caries (Schroth et al., 2016). The
biological functions of vitamin D are regulated through in-
teractions with the vitamin D3 receptor (VDR) protein (Sutton
and MacDonald, 2003). However, nutritional vitamin D defi-
ciency or VDR gene mutations may lead to impaired function
of the vitamin D pathway (Wharton and Bishop, 2003). The
VDR gene is located on chromosome 12q13.11, and it contains
two promoter regions, eight protein-coding exons, and six
untranslated exons (Martelli et al.,, 2014). More than 200
polymorphic sites are found in the VDR gene, and the Tagl
(rs731236 T>C) polymorphism is the most studied variant
(Qin et al., 2019). Tagl polymorphism is characterized by a
single base transition (T>C) that leads to a synonymous change
at codon 352 in exon 9, which was significantly associated
with several diseases, such as periodontitis, osteoporosis, and
multiple sclerosis (Wang et al., 2009; Zhang et al., 2019; Jiang
et al., 2020). The T allele is associated with increased tran-
scriptional activity, mRNA stability, and a high serum level of
1,25(0OH),D; (Martelli et al., 2014).

A considerable number of studies evaluated the association
of the Tagql (rs731236 T>C) polymorphism with dental caries.
However, their conclusions are not consistent. Therefore, we
performed a meta-analysis to examine the associations be-
tween Tagl (rs731236 T>C) polymorphism and dental caries.

Materials and Methods

Search strategy

We performed a literature search in PubMed, Web of
Science, Embase, SinoMed (the Chinese biomedical litera-
ture service system), and Wiley Online Library; the search
was updated on August 31, 2020. The following search terms
were used to identify relevant articles: ““Tagl,” “‘rs731236,”
‘“gene polymorphism,” ‘‘dental caries,”” ‘‘caries,” and
“decayed tooth.”” We also screened the references cited in
the retrieved articles to identify additional qualified studies.
Gray literature and other unpublished studies were not in-
cluded. The publication language was restricted to English
and Chinese. We included Chinese as a publication language
because of its large population. However, eligible Chinese
literature was not searched. Any disagreements between the
two investigators were resolved through discussions with
another reviewer (Y.X.). The study was performed using the
following PICO model:

Population (P): children and adults

Intervention (I): Tagl (rs731236 T>C) polymorphism

Comparison (C): Tagl (rs731236 T>C)

Outcome (O): Susceptibility to dental caries

Inclusion and exclusion criteria

There was no population limit. The following inclusion
criteria for eligible studies were used: (1) the study focused
on the association of the Tagl (rs731236 T>C) polymorphism
with the risk of caries; (2) case—control studies; and (3)
studies with available data to calculate the odds ratios (ORs),
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95% confidence intervals (Cls), and p-values. The following
exclusion criteria were used: (1) reports that were not case—
control studies; (2) case reports, editorials, reviews, and other
nonoriginal studies; and (3) duplicate studies.

Data extraction

Two investigators (W.L. and H.T.) separately collected the
available data using a predetermined protocol. The following
items were included: the surname of the first author, publi-
cation year, country, ethnicity, age, genotyping method,
number of cases, number of controls, and p-value for Hardy—
Weinberg equilibrium (HWE) in the control group.

Methodological quality

Two reviewers (W.L. and H.T.) independently assessed
the quality of the literature on the basis of the Newcastle-
Ottawa Scale (NOS) criteria (Table 1). Any differences were

TABLE 1. NEWCASTLE-OTTAWA QUALITY ASSESSMENT
ScALE CASE CONTROL STUDIES

(1) Is the case definition adequate?
(a) Yes, with independent validation™
(b) Yes, for example, record linkage
or based on self-reports
(c) No description
(2) Representativeness of the cases
(a) Consecutive or obviously
representative series of cases
(b) Potential for selection biases
or not stated
(3) Selection of controls
(a) Community controls™
(b) Hospital controls
(c) No description
(4) Definition of controls
(a) No history of disease (endpoint)*
(b) No description of source
(1) Comparability of cases and controls
on the basis of the design or analysis
(a) Study controls for the most
important factor (HWE
in control group)™
(b) Study controls for any additional
factor (e.g., age, gender,
and smoker ratios)
(1) Ascertainment of exposure
(a) Secure record
(b) Structured interview where blind
to case/control status™
(c) Interview not blinded
to case/control status
(d) Written self-report or medical
record only
(e) No description
(2) Same method of ascertainment
for cases and controls
(a) Yes*®
(b) No
(3) Nonresponse rate
(a) Same rate for both groups™
(b) Nonrespondents described
(c) Rate different and no designation

Selection

Comparability

Exposure

*Indicates one point.
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Records identified
through database
searching (n =262)

Additional records
identified through
other sources (n = 0)

FIG. 1. PRISMA flowchart—selection of
studies for meta-analysis.

{ Included ] [ Eligibility ] [ Screening ] [Identification]

resolved through discussion with another reviewer (Y.X.).
The following items were included: (1) population selec-
tion, (2) comparability of subjects, and (3) measurement of
exposure factors. NOS scores ranged from O to 9. A score
25 indicated a high-quality study, and studies with a score
<5 were classified as low quality.

Statistical analysis

The p-value for HWE in the control group in an eligible
study was assessed using the chi-squared test. p<0.05 was
considered a significant divergence from HWE. The associa-
tions of Tagl polymorphism with the risk of dental caries were
evaluated using ORs with 95% CIs. We performed a Z-test to
calculate the statistical significance of ORs, and p <0.05 was
deemed significant. The following models were used for Tagl
(rs731236 T>C): allele contrast model (C vs. T), recessive
genetic model (CC vs. TT/CT), dominant genetic model
(CT/CC vs. TT), homozygous genetic model (CC vs. TT), and
heterozygous genetic model (CT vs. TT). We performed
subgroup analyses based on ethnicity and the presence of

Y

Articles excluded after
reading titles and
abstract (n =202)

Records after removing
duplicates
(n=217)

=

Articles excluded after
reading full-text view:

Not available data(n = 2)
Not case-control study(n =6)

/

Full-text articles

assessed for eligibility
(n=15)

k.
Studies included in
qualitative synthesis

(n=7)

dental caries in dentition. Heterogeneity between the eligible
publications was detected using Cochran’s Q statistic and the
P test. A fixed-effects model was used when the 0 test dem-
onstrated p>0.05 or I? < 50%. Otherwise, a random-effects
model was used. All statistical analyses were performed using
RevMan 5.3 software (Cochrane Collaboration) and STATA
software 12.0 (STATA Corp., College Station, TX).

Sensitivity analysis and publication bias assessment

A sensitivity analysis was performed to evaluate the sta-
bility of the results by successively removing each included
study. Begg’s and Egger’s tests were used to detect publi-
cation bias.

Results

Study characteristics

A total of 262 relevant publications were collected from
the initial database search. The titles and abstracts of 15 ar-
ticles were evaluated by reviewing, and 6 studies were

TABLE 2. CHARACTERISTICS OF STUDIES INCLUDED IN THE META-ANALYSIS

Taql(rs731236)

ST pofor HWE
Study ID Country  Ethnicity Age Genotyping method  Case  Control Taql
Aribam (2020) India Asian 6—12 years PCR-RFLP 60 60 0.37
Qin (2019) China Asian 3-5 years TagMan assays 304 245 0.96
Kong (2017) China Asian 4-7 years PCR-RFLP 249 131 0.91
Yu (2017) China Asian 12 years PCR-RFLP 200 200 0.16
Izakovicova Holla (2017)  Czech Caucasian  13-15 years TagMan assays 235 153 0.11
Cogulu (2016) Turkey  Caucasian 6-12 years PCR-RFLP 112 38 0.32
Hu (2015) China Asian 30-67 years PCR-RFLP 264 219 0.95

HWE, Hardy—Weinberg equilibrium; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism.
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.1.1 Asian
Hu(2015) 37 528 9 438 3.0% 3.591.71,7.53) 2015
Yu(2017) 371 400 358 400 84% 1.50(0.91, 2.46) 2017 T
Kong(2017) 19 498 11 262 45% 0.91[0.42,1.93] 2017 I
Qin(2019) 276 608 208 488 41.0% 1.12(0.88,1.42) 2018 -
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Heterogeneity. Chi*= 9.90, df= 4 (P = 0.04); F=60%
Test for overall effect Z= 2.63 (P = 0.009)
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Cogulu (2016) 108 224 32 76 8.0% 1.28[0.76,2.16] 2016 -1
Holla(2017) 300 470 187 306 26.6% 1.12(0.83,1.51) 2017 1;
Subtotal (95% CI) 694 382 34.7%  1.16 [0.90, 1.50]
Total events 408 219
Heterogeneity: Chi*=0.18, df=1 (P = 0.67), F=0%
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Total (95% CI) 2848 2090 100.0%  1.24[1.07,1.44) L
Total events 1162 850
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FIG. 2. Forest plot of association between Taqgl polymorphism and dental caries risk based on ethnicity (C vs. T).

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
2.1.1 Deciduous tooth decay
Kong(2017) 19 498 11 262 45%  0.91[0.42,1.93) 2017 —
Qin{2019) 276 608 208 488 4#41.0% 1.12(0.88,1.42] 2019 t
Subtotal (95% CI) 1106 750 455% 1.10[0.87,1.38]
Total events 285 219
Heterogeneity: Chi*= 0.27, df=1 (P = 0.60); F= 0%
Test for overall effect. Z=0.80 (P=0.42)
2.1.2 Permanent tooth caries
Hu(2015) 37 528 9 438 30%  359[1.71,7.53] 2015
Holla{2017) 300 470 187 306 26.6%  1.12(0.83,1.51] 2017 I
Yu(2017) 371 400 358 400 8.4%  1.50(0.91,2.46] 2017 T
Subtotal (95% Cl) 1398 1144 381%  1.40[1.11,1.77] <>
Total events 708 554
Heterogeneity: Chi*= 8.42, df= 2 (P= 0.01); F=76%
Test for overall effect. Z= 2.79 (P = 0.005)
2.1.3 Mixed dentition caries
Cogulu (2016) 108 224 32 76 8.0%  1.28([0.76,2.16) 2016 o
Aribam (2020) 51 120 45 120 84%  1.23[0.73,2.07) 2020 N
Subtotal (95% CI) 344 196 16.5%  1.26[0.87,1.82] g
Total events 159 77
Heterogeneity: Chi*= 0.01, df=1 (P = 0.92); F= 0%
Test for overall effect. Z=1.21 (P=0.23)
Total (95% CI) 2848 2090 100.0% 1.24[1.07,1.44] L 2
Total events 1162 850

e A = - 2= ! + + + t

Heterogeneity: Chi*=10.31, df=6 (P=0.11); F= 42% 02 05 2 5 10

Test for overall effect: Z= 2.80 (P = 0.005)
Testfor subaroun differences: Chi*= 2.10. df= 2 (P =0.35). F=4.8%

Casse Control

FIG. 3. Forest plot of association between Taql polymorphism and dental caries risk based on dental caries in dentition

(Cvs. T).
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FIG. 4. Sensitivity analysis for Taql
polymorphism and dental caries risk in an
allelic model (C vs. T).
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Sensitivity analysis

A sensitivity analysis was performed to evaluate the in-
fluence of each study by sequentially removing each included
study. The significance of the pooled ORs was not affected by
excluding any eligible article. Therefore, the present meta-
analysis obtained stable and credible results (Fig. 4).

Publication bias

We performed Begg’s test and Egger’s test to detect the
publication bias of each study (Figs. 5, 6). We did not detect
notable publication bias for the Tagl (rs731236 T>C) poly-
morphism in any genetic model. All p-values from Begg’s
test and Egger’s test are given in Table 5.

Discussion

Dental caries is a multifactorial disease that includes ge-
netic and environmental factors. Vitamin D deficiency is
related to enamel hypoplasia, which is associated with an
increased risk of caries (Purvis et al., 1973; Hong et al.,
2009). The VDR gene mediates the biological function of the

Begg's funnel plot with pseudo 95% confidence limits
1.5 4

logOR
o
1

1.57

vitamin D metabolite, which is related to normal enamel
formation (Uitterlinden et al., 2004; Hujoel, 2013). Poly-
morphisms of VDR in humans lead to genetic abnormalities
and phenotypic diversity in tooth enamel (Zhang et al., 2009).
The roles of VDR gene polymorphisms in caries epidemi-
ology attracted considerable attention in recent years.
A number of studies on the associations of VDR gene
polymorphisms, such as Fokl, Apal, Bsml, Cdx2, and Tagl,
with the susceptibility to dental caries were published, and
the Tagl (rs731236 T>C) polymorphism was the most
studied variant. However, the results of these studies were
inconclusive.

To our knowledge, this study is the first comprehensive
study to investigate the possible association of the Tagl
(rs731236 T>C) polymorphism with dental caries risk. Of the
seven studies included in the meta-analysis of Tagl (rs731236
T>C), three studies indicated an association of the Tagl
(rs731236T>C) variant with an increased risk of dental caries
(Hu et al., 2015; Cogulu et al., 2016; Aribam et al., 2020).
Four studies showed that Tagl gene mutations could not be
used as a marker for increased dental caries risk (Izakovicova
Holla et al., 2017; Kong et al., 2017; Yu et al., 2017; Qin

FIG. 5. Begg’s funnel plot of the Taql
polymorphism and dental caries risk in an
allelic model (C vs. T).

s.e. of- logOR

b
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Egger’s publication bias plot

FIG. 6. Egger’s test for Taql polymor-
phism and dental caries risk in an allelic
model (C vs. T).

standardized effect
(3% ]
1

et al., 2019). Our meta-analysis results showed a significant
association between the Tagl (rs731236 T>C) polymorphism
and the risk of dental caries under the allele contrast (C vs. T)
and recessive (CC vs. CT/TT) models. The ethnicity sub-
group analysis showed that the Tagl (rs731236 T>C) poly-
morphism was significantly associated with the risk of dental
caries in Asians but not in Caucasians. These results may
reflect geographical and ethnic differences. The allele con-
trast (C vs. T) and recessive (CC vs. CT/TT) models found a
statistically significant difference for the permanent dentition
subgroup. Notably, these effects were not obtained in the
deciduous dentition or mixed dentition subgroups. Bayram
et al. (2015) and Borilova Linhartova et al. (2016) showed
that the influence of genetic factors on enamel caries was
different between deciduous and permanent teeth.
Insertion/deletion (I/D) polymorphisms of angiotensin-
converting enzyme may be related to dental caries in per-
manent teeth but not in deciduous teeth, especially in females
in the Czech population (Borilova Linhartova et al., 2016).
The main purpose of performing this meta-analysis was to
improve the statistical power and obtain more compelling
results by increasing the sample size. However, some latent
shortcomings of this research cannot be ignored when in-
terpreting the results. First, although we performed a sys-
tematic and comprehensive literature search, the number of
studies that were ultimately included in the meta-analysis
was limited. Second, dental caries is a multifactorial disease.
However, the influence of gene—gene and gene—environment
interactions was not resolved in our meta-analysis due to a
lack of available data. Therefore, the potential role of the

TABLE 5. THE RESULTS OF BEGG TEST AND EGGER
TEST FOR PUBLICATION BIAsS

Begg test  Egger test
Polymorphisms Comparisons p-value p-value
Taql (rs731236) Cvs. T 0.368 0.208
CC vs. TT/CT 1.000 0.988
CT/CC vs. TT 0.221 0.188
CCvs. TT 1.000 0.396
CT vs. TT 1.000 0.919

2 4 ¢ 8

precision

Tagql (rs731236 T>C) polymorphism may obscure or amplify
other gene—gene/gene—environment interactions. Third, al-
though there was no obvious publication bias according to the
funnel plot and Egger’s test, potential sources of bias may
exist because only published studies were retrieved.

Conclusion

The results of this study suggested that Tagl (rs731236
T>C) polymorphism was associated with an increased risk
of dental caries. Because of the study limitations, the con-
clusions of this meta-analysis should be cautiously inter-
preted. Future studies with larger sample sizes and more
ethnic groups are required to achieve more convincing and
realistic statistical analyses. The underlying molecular
mechanisms of the association between the Tagl (rs731236
T>C) polymorphism and dental caries risk should also be
examined.

Authors’ Contributions

W.L. and H.T. performed the literature search, study se-
lection, data collection, and statistical analysis and wrote the
article. Y.X. conceived and designed this study and revised
the article.

Author Disclosure Statement

No competing financial interests exist.

Funding Information

No funding was received for this article.

References

Aribam VG, Aswath N, Ramanathan A (2020) Single-
nucleotide polymorphism in Vitamin D receptor gene and its
association with dental caries in children. J Indian Soc Pedod
Prev Dent 38:8-13.

Bayram M, Deeley K, Reis MF, et al. (2015) Genetic influences
on dental enamel that impact caries differ between the pri-
mary and permanent dentitions. Eur J Oral Sci 123:327-334.

Berdal A, Balmain N, Cuisinier-Gleizes P, et al. (1987) His-
tology and microradiography of early post-natal molar tooth



DENTAL CARIES AND GENE POLYMORPHISM

development in vitamin-D deficient rats. Arch Oral Biol 32:
493-498.

Borilova Linhartova P, Kastovsky J, Bartosova M, et al. (2016)
ACE insertion/deletion polymorphism associated with caries
in permanent but not primary dentition in Czech children.
Caries Res 50:89-96.

Bretz WA, Corby PM, Schork NJ, et al. (2005) Longitudinal
analysis of heritability for dental caries traits. J Dent Res 84:
1047-1051.

Cogulu D, Onay H, Ozdemir Y, et al. (2016) The role of vi-
tamin D receptor polymorphisms on dental caries. J Clin
Pediatr Dent 40:211-214.

Gustafsson BE, Quensel CE, Lanke LS, et al. (1954) The Vi-
peholm dental caries study; the effect of different levels of
carbohydrate intake on caries activity in 436 individuals ob-
served for five years. Acta Odontol Scand 11:232-264.

Hong L, Levy SM, Warren 1], et al. (2009) Association between
enamel hypoplasia and dental caries in primary second mo-
lars: a cohort study. Caries Res 43:345-353.

Hu XP, Li ZQ, Zhou JY, et al. (2015) Analysis of the associ-
ation between polymorphisms in the vitamin D receptor
(VDR) gene and dental caries in a Chinese population. Genet
Mol Res 14:11631-11638.

Hujoel PP (2013) Vitamin D and dental caries in controlled
clinical trials: systematic review and meta-analysis. Nutr Rev
71:88-97.

Izakovicova Holla L, Borilova Linhartova P, Kastovsky J, et al.
(2017) Vitamin D receptor Taql gene polymorphism and
dental caries in Czech children. Caries Res 51:7-11.

Jiang LL, Zhang C, Zhang Y, et al. (2020) Associations be-
tween polymorphisms in VDR gene and the risk of osteopo-
rosis: a meta-analysis. Arch Physiol Biochem 6:1-8.

Kong YY, Zheng JM, Zhang W1J, et al. (2017) The relationship
between vitamin D receptor gene polymorphism and decid-
uous tooth decay in Chinese children. BMC Oral Health 17:
111.

Martelli FS, Martelli M, Rosati C, et al. (2014) Vitamin D:
relevance in dental practice. Clin Cases Miner Bone Metab
11:15-19.

Opal S, Garg S, Jain J, et al. (2015) Genetic factors affecting
dental caries risk. Aust Dent J 60:2—11.

Papagerakis P, MacDougall M, Berdal A (2002) Differential
epithelial and mesenchymal regulation of tooth-specific ma-
trix proteins expression by 1,25-dihydroxyvitamin D3 in vivo.
Connect Tissue Res 43:372-375.

Petersen PE (2003) The World Oral Health Report 2003: con-
tinuous improvement of oral health in the 21st century—the
approach of the WHO Global Oral Health Programme.
Community Dent Oral Epidemiol 31 Suppl 1:3-23.

Piekoszewska-Zigtek P, Turska-Szybka A, Olczak-Kowalczyk
D (2017) Single nucleotide polymorphism in the aetiology of
caries: systematic literature review. Caries Res 51:425-435.

Purvis RJ, Barrie WJ, MacKay GS, et al. (1973) Enamel hy-
poplasia of the teeth associated with neonatal tetany: a

375

manifestation of maternal vitamin-D deficiency. Lancet 2:
811-814.

Qin X, Shao L, Zhang L, ef al. (2019) Investigation of inter-
action between vitamin D receptor gene polymorphisms and
environmental factors in early childhood caries in Chinese
children. Biomed Res Int 2019:4315839.

Schroth RJ, Rabbani R, Loewen G, et al. (2016) Vitamin D and
dental caries in children. J Dent Res 95:173-179.

Sheiham A (2006) Dental caries affects body weight, growth
and quality of life in pre-school children. Br Dent J 201:625-
626.

Sutton AL, MacDonald PN (2003) Vitamin D: more than a
“bone-a-fide’” hormone. Mol Endocrinol 17:777-791.

Uitterlinden AG, Fang Y, Van Meurs JB, et al. (2004) Genetics
and biology of vitamin D receptor polymorphisms. Gene 338:
143-156.

Vieira AR, Modesto A, Marazita ML (2014) Caries: review of
human genetics research. Caries Res 48:491-506.

Wang C, Zhao H, Xiao L, et al. (2009) Association between
vitamin D receptor gene polymorphisms and severe chronic
periodontitis in a Chinese population. J Periodontol 80:603—
608.

Wharton B, Bishop N (2003) Rickets. Lancet 362:1389-1400.

Yildiz G, Ermis RB, Calapoglu NS, et al. (2016) Gene-
environment interactions in the etiology of dental caries.
J Dent Res 95:74-79.

Yu M, Jiang QZ, Sun ZY, et al. (2017) Association between
single nucleotide polymorphisms in vitamin D receptor gene
polymorphisms and permanent tooth caries susceptibility to
permanent tooth caries in Chinese adolescent. Biomed Res Int
2017:4096316.

Zhang D, Wang L, Zhang R, ef al. (2019) Association of vi-
tamin D receptor gene polymorphisms and the risk of mul-
tiple sclerosis: a meta analysis. Arch Med Res 50:350-361.

Zhang M, Zhang X, Zhang Y, et al. (2020) Assessment of risk
factors for early childhood caries at different ages in Shan-
dong, China and reflections on oral health education: a cross-
sectional study. BMC Oral Health 20:139.

Zhang X, Rahemtulla F, Zhang P, et al. (2009) Different enamel
and dentin mineralization observed in VDR deficient mouse
model. Arch Oral Biol 54:299-305.

Address correspondence to:
Yinlan Xia, MM

College of Stomatology
Chongging Medical University
No. 426, Songshi North Road
Yubei District

Chongqging 400015

China

E-mail: xiayinlan0917@163.com



