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Vitamin D deficiency is a risk factor for delayed tooth eruption associated with
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ABSTRACT
Objective: To verify the association between 25(OH)D level and polymorphisms in the vitamin D
receptor gene (VDR) with the disturbance in the dental development and eruption.
Design: A total of 183 children from two datasets were evaluated. The first dataset was a case–control
(15:15) designed to assess if persistent primary tooth (PPT) is associate with serum 25(OH)D level and
with genetic polymorphisms in VDR. The second dataset of genomic DNA samples from 54 children
with delayed tooth eruption (DTE) and 99 controls were analysed to verify if genetic polymorphisms
in VDR (rs2228570 and rs739837) are associated with DTE. The 25(OH)D and the genotyping/allele dis-
tribution were analysed using the T-test and chi-square test, respectively.
Results: The level of 25(OH)D in the PPT group (24.9 ±6.4mg/mL) was significantly lower than the
control (30.0 ± 7.0mg/mL) (p¼.047). Our data show that children with 25(OH)D deficiency are more
likely to present PPT (OR ¼ 2.36; 95%CI: 1.51, 3.70). The rs739837 and rs2228570 polymorphisms were
not associated with DTE (OR ¼ 1.44; 95%CI: 0.87, 2.39 and OR ¼ 0.80; 95%CI: 0.45, 1.44, respectively).
Conclusions: Vitamin D deficiency is a risk factor for PPT.
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Introduction

Vitamin D represents a group of fat-soluble secosteroids [1]
obtained mainly through skin exposure to UVB irradiation by
sunlight [2,3]. The 7-dehydrocholesterol present in the skin is
converted to previtamin D3 [2,4], and, in the liver, it is con-
verted to 25-hydroxyvitamin D3 (25(OH)D3), the best serum
indicator of vitamin D status. In the kidney, 25(OH)D3 under-
goes hydroxylation and becomes 1,25-dihydroxy vitamin D
(1,25(OH)2D3), the biologically active form that activates vita-
min D receptor (VDR) [4,5]. VDR is a transcription factor that
binds to DNA and regulates hundreds of gene expression [2],
mediating the vitamin D activities and other processes
including cell proliferation, differentiation, angiogenesis and
apoptosis [6]. Previous studies have analysed the DNA
sequence variations of VDR, known as genetic polymor-
phisms [7,8], which are frequently observed in the popula-
tion [9].

Vitamin D has an essential role in phosphate and calcium
metabolism and, therefore, in bone homeostasis [1,3,4,10]. It
can stimulate both formation and resorption of bone [11]
and can also influence host immune responses. Previous
studies have shown that vitamin D deficiency increases the

incidence of periodontal disease [12] and that inadequate
level of vitamin D has been associated with increased sus-
ceptibility to dental caries [13] and maternal periodontal dis-
eases during pregnancy [14]. Genetic studies provided
excellent opportunities to link molecular insights with epi-
demiological data and, therefore, gain much interest.

Genetic polymorphisms in VDR have been associated with
external apical root resorption [15], periodontal disease [16],
dentinogenesis imperfecta [17], chronic periodontitis [18]
and dental caries [8,9]. Although many genetic polymor-
phisms in VDR have been described and associated with the
aetiology of several pathological conditions, the influence of
genetic polymorphisms in VDR on VDR protein function is
not entirely understood. Two genetic polymorphisms in VDR
are rs2228570 (also known as the Fok1 polymorphism) and
rs739837 (also known as the Bms1 polymorphism), have
been frequently studied [9]. Studies have shown that
rs2228570 can change the structure and stability of the VDR
and the binding energy of its ligand [18,20]. Likewise,
rs739837 could cause differences in RNA translation’s stability
and efficiency [21].

Tooth development [22] and eruption [23] are complex
processes that also involve alveolar bone resorption and an
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eruption pathway formation [23]. Disturbances in dental
development can lead to a persistent primary tooth (PPT)
and delayed tooth eruption (DTE). PPT occurs when a pri-
mary tooth is retained beyond the regular exfoliation time.
PPT can cause malocclusions, periodontitis, ankylosis [24]
and a severe impact on patient dissatisfaction [25]. The
molecular mechanism underlying PPT occurrence has not
been fully explained, but it is known that PPT can lead to
DTE of the permanent tooth [26]. DTE is the emergence of a
tooth into the oral cavity at a delayed time than expected
according to sex and ethnic differences [27]. The failure of
dental emergence in the oral cavity influences the paediatric
and orthodontic treatment plan, impacting a patient’s oral
health [27,28].

DTE is commonly associated with PPT. However, DTE can
occur in the absence of PPT. Considering that vitamin D can
stimulate both formation and resorption of bone and that
PPT and DTE are common findings in dental practice, there
is a lack of information in the literature concerning the vita-
min D level or genetic polymorphisms VDR associations with
alterations in the permanent tooth eruption process. Thus,
this study aimed to investigate whether impaired vitamin D
signalling could lead to dental development and eruption
disturbances inducing PPT and DTE.

Materials and methods

Ethics

The Ethics Committee of the School of Dentistry of Ribeir~ao
Preto, University of S~ao Paulo, Brazil, approved the study
(register numbers 44249415.0.00005419 and 35323314.7.
0000.5419). All parents and caregivers were appropriately
clarified about this research and signed informed consent.

Subjects of the study

This study evaluated 183 children from two datasets from
the School of Dentistry of Ribeir~ao Preto, S~ao Paulo, Brazil.
Children of both sexes and aged between 6 and 13 years

living in the Ribeir~ao Preto area were included in this study.
A flow chart for patient selection and inclusion/exclusion cri-
teria is presented in Figure 1. The fluctuation of 25(OH)D lev-
els is not expected in Ribeir~ao Preto, as there is a small
fluctuation in the total sunshine hour and UVB incidence
over the year in this city. Thus, the patient recruitment and
sample collection were not done in a specific season. The
parents and caregivers answered the anamnesis before the
oral examination and sample collection, which were per-
formed on the same day.

The first dataset was a case–control consecutive sample
designed to assess if PPT is associated with serum 25(OH)D
levels and genetic polymorphisms in VDR. All children in
dental treatment in 2015 were screened and examined by a
paediatric dentist (TAX). According to the age and time of
teeth exfoliation table published by The American Dental
Association, children with primary teeth with the exfoliation
time expired for more than 1 year [24,29], were included in
the PPT group. All children from the PPT group presented
the successor permanent teeth with at least half of the root
formed and the primary teeth with a maximum of one-third
of the root resorption identified in periapical radiographs
(Figure 2). The same number of children with regular primary
teeth exfoliation time, matching in age, was selected for the
Control group. Children with the absence of the successor
permanent teeth (tooth agenesis), ankylosis or indication of
PPTs due to endodontic treatment or dental trauma were
not included in this study. Children with systemic disease or
syndrome were also excluded (Figure 1). Therefore, blood
and genomic (gDNA) samples extracted from saliva from 15
children with PPT and 15 control children (without PPT) were
evaluated in this part of the study.

The second dataset consists of a nested case–control
designed from a cross-sectional sample to verify if genetic
polymorphisms in VDR were associated with DTE in a more
extensive selection. Regular tooth emergence and DTE were
considered according to a chronological scale and the gen-
der for Brazilian children from S~ao Paulo state [30]. Children
that presented at least one delayed permanent tooth erup-
tion were selected for the DTE group. The paediatric dentist

Figure 1. Flowchart of the two studied datasets.
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(ECK) performed periapical radiographic examinations to con-
firm the permanent tooth’s presence. Once canines present a
high impaction rate [31,32], the DTE of canines was excluded
from this study. Children with odontomas, supernumerary
teeth, dental trauma associated with DTE or with systemic
diseases [27] were not included in the study (Figure 1). In
this dataset, gDNA samples extracted from saliva from 54
children with DTE and 99 children without DTE were eval-
uated. This sample was previously described [33].

Serum concentrations of 25(OH)D

Blood samples were collected at the Clinical Analysis Service
of School of Pharmaceutical Sciences of Ribeir~ao Preto,
University of S~ao Paulo, and serum 25(OH)D levels were
measured by chemiluminescence, using a LIAISONVR 25 OH
Vitamin D TOTAL Assay (DiaSorin, Saluggia, Italy) kit accord-
ing to the manufacturer’s instructions. After the introduction
of the samples into the LIAISONVR Analyser, there was the first
incubation. The 25(OH)D was dissociated from its binding
protein and bound to the solid phase’s antibody. At the end
of 10min, the vitamin D marker linked to an isoluminol
derivative was added, and the unbound material was
removed with a wash cycle. Subsequently, the initiator
reagents were added, and the chemiluminescence reaction
started. A photomultiplier measured the light signal as rela-
tive light units (RLUs), which is inversely proportional to
25(OH)D concentration.

Vitamin D deficiency [25(OH)D< 20mg/mL] was deter-
mined according to the Brazilian Society of Paediatrics [34]
and other published researchers’ orientations [3,35].

Genotyping analysis

Children were instructed to rinse the mouth with 10mL of
saline, and the expectorating rinse was collected. Briefly, for

gDNA isolation, we used an extraction solution (Tris–HCl
10mM, pH 7.8; EDTA 5mM; SDS 0.5%) containing proteinase
K (100mg/mL) (Invitrogen, Grand Island, NY), as previously
reported [36]. The DNA was precipitated with isopropanol
and resuspended and stored at �20 �C. The gDNA’s concen-
tration and purity were determined by spectrophotometer
(Nanodrop 1000; Thermo Scientific, Wilmington, DE).

Two genetic polymorphisms in the VDR were selected.
The rs2228570 (A>G/Met> Thr) is a missense variant, and
the rs739837 (G> T) is located in an untranslated region.
Their minor allele frequency should be higher than 30%. The
genetic polymorphisms were blinded genotyped by real-time
polymerase chain reaction (PCR), TaqMan assay (StepOnePlus
Real-Time PCR System, Applied Biosystems, Foster City, CA)
in a total volume of 3 lL (4 ng DNA/reaction, 1.5 lL Taqman
PCR master mix, 0.125 SNP assay; Applied Biosystems, Foster
City, CA). The cycling was carried out by 95 �C for 10min, 40
cycles of 92 �C for 15 s, and 60 �C for 1min.

Statistical analysis

For the 25(OH)D analysis, the D’Agostino-Pearson test was
used to evaluate if 25(OH)D levels were distributed normally.
The Student’s t-test was applied to analyse the levels in PPT
and control groups, and Welch’s correction was applied to
the Student’s t-test if the variance between groups was dif-
ferent (p<.05). The level of vitamin D distribution, according
to the VDR genotypes, was evaluated using ANOVA.

For the genotyping analysis, the chi-square test was used
to compare genotype and allele distribution. The unadjusted
odds ratio was used to calculate the relative risk among
groups with DTE and control.

The study used GraphPad Prism version 5.0 (Graph-Pad,
San Diego, CA), SPSS Statistics 20.0 (IBMTM, Armonk, NY), and
Epi Info 7 (Epi Info 7 Software, Atlanta, GA) for data analysis.
A significance level of 5% (p<.05) was adopted.

Post hoc power analysis was conducted after the study
had been completed using clinical.com. For the first dataset,
the calculation used the mean level of 25(OH)D difference
between the groups (6mg/mL) and an error probability of
0.05, which indicated that a sample size of 15 children per
group would present a power of 71.4%. For the second set
of data, the calculation used the genotype frequency differ-
ence between the groups of 15% and an error probability of
0.05, which indicated that our sample would present a
power of 58.9%.

Results

The characteristics of both datasets of participants are pre-
sented in Table 1. Gender, age and body mass index (BMI)
were not statistically different between control and PPT
groups or between control and DTE groups.

Figure 2. A representative illustration of the criteria used to determine PPT.
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Analysis of vitamin D concentrations and VDR
polymorphisms in persistent primary tooth group

We initially aimed to investigate whether vitamin D could be
involved with dental development disturbances and primary
teeth exfoliation. For this, we evaluated the serum level of
25(OH)D in participants with PPT. It is worthy of mentioning

that this set of participants presented DTE associated
with PPT.

The levels of 25(OH)D in control and PPT groups are
shown in Figure 3. The PPT group exhibited significantly
lower 25(OH)D levels (from 14.2 to 37.4mg/mL) than control
group (from 21.9 to 48.2mg/mL) (p¼.047). Interestingly,
26.7% of children from the PPT group presented vitamin D
deficiency, while none (0%) in the control group presented
vitamin D deficiency. Our data indicate that children with
vitamin D deficiency have 2.36 times more chance to present
PPT (OR ¼ 2.36 [CI 95% 1.50, 3.70]).

Once our previous data suggested that vitamin D defi-
ciency increases PPT’s risk, we further evaluated if PPT inci-
dence could also be associated with the genetic
polymorphisms in VDR. Table 2 shows data related to the
genotype and allele distributions between control and PPT
groups. The difference between the control and PPT groups
was not statistically significant (p>.05).

Moreover, our data show no association between genetic
polymorphisms in VDR (rs2228570 and rs739837) and serum
25(OH)D levels (p>.05). However, the differences in the fre-
quencies of genotypes and alleles in VDR suggested an asso-
ciation that was deeper explored.

Analysis of VDR polymorphisms in delayed permanent
tooth emergence group

To further assess if genetic polymorphisms in VDR were asso-
ciated with DTE, an additional analysis in a larger sample size
was performed in a set of a convenience sample of gDNA
previously reported [33]. A total of 153 samples were ana-
lysed to assess if DTE would be associated with the genetic
polymorphisms rs2228570 and rs739837 in VDR. Table 3
presents rs2228570 and rs739837 genotypes and alleles dis-
tributions in DTE and control groups. The data show that
there was no association between DTE, rs2228570, and
rs739837 polymorphisms.

Table 1. General characteristics of the participants.

Control (n¼ 15) PPT (n¼ 15) p Value

Male sex, n (%) 8 (53.3) 9 (60.0) .711
Female sex, n (%) 7 (46.7) 6 (40.0) –
Age mean (SD) 9.4 (1.8) 9.5 (1.7) .912
dmft/DMFT 2.53 (2.41) 2.22 (2.11) .969
BMI mean (SD) 17.2 (4.2) 18 (3.2) .394

Control (n¼ 99) DTE (n¼ 54) p Value

Male sex, n (%) 48 (63.1) 28 (36.9) .690
Female sex, n (%) 51 (66.2) 26 (33.8) –
Age mean (SD) 8.6 (1.9) 9.3 (2.1) .067
dmft/DMFT 4.88 (3.84) 4.12 (3.29) .202
BMI mean (SD) 18.2 (3.2) 17.8 (3.5) .398

None of them report vitamin D intake.
BMI: body mass index; dmft: decayed, missing and filled teeth in primary den-
tition; DMFT: decayed, missing and filled teeth in permanent dentition; PPT:
persistent primary tooth; DTE: delayed tooth eruption.

Figure 3. Concentrations of 25(OH)D in Control (n¼ 15) and PPT (n¼ 15)
groups. Data are expressed as the mean ± SD. Statistical difference was deter-
mined by Student’s t-test. �p¼.047.

Table 2. Genotype and allele distribution according to the Control (n¼ 15) and PPT (n¼ 15) groups.

Polymorphism Group Genotype n (%) p Value Allele n (%) p Value OR (95%CI)

rs2228570 AA AG GG .274 A G .555 0.68 (0.19–2.42)

Control 1 (7.69) 5 (38.46) 7 (53.85) 7 (26.92) 19 (73.08)
PPT 0 (0.0) 7 (70.0) 3 (30.0) 7 (35.0) 13 (65.0)

rs739837 GG GT TT .662 G T .507 1.50 (0.45–4.98)

Control 3 (25.0) 6 (50.0) 3 (25.0) 12 (50.0) 12 (50.0)
PPT 1 (10.0) 6 (60.0) 3 (30.0) 8 (40.0) 12 (60.0)

PPT: persistent primary tooth.

Table 3. Genotype and allele distribution according to the Control (n¼ 99) and DTE (n¼ 54) groups.

Polymorphism Group Genotype n(%) p Value Allele n(%) p Value OR (95%CI)

rs2228570 AA AG GG .169 A G .148 1.44 (0.87–2.39)

Control 14 (14.14) 47 (47.48) 38 (38.38) 75 (37.88) 123 (62.12)
DTE 7 (12.96) 18 (33.33) 29 (53.70) 32 (29.63) 76 (70.37)

rs739837 GG GT TT .107 G T .473 0.80 (0.45–1.44)

Control 10 (14.08) 32 (45.07) 29 (40.85) 52 (36.62) 90 (63.38)
DTE 3 (8.33) 24 (66.67) 9 (25.00) 30 (41.67) 42 (58.33)

DTE: delayed tooth eruption.
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Discussion

In this study, we investigated if reduced vitamin D level and
its signalling could be involved in dental development and
eruption disturbances leading to PPT and DTE. Our results
support that the level of vitamin D is involved in the time of
primary tooth exfoliation.

Vitamin D is a hormone that plays an essential role in
bone biology and is generally associated with high bone
mass and reduced fracture risk [37]. Moreover, an adequate
vitamin D level has also been associated with oral and dental
health. Patients with vitamin D-dependent rickets present
many oral manifestations including DTE [38], highlighting
vitamin D as a crucial hormone for proper dentofacial devel-
opment [39]. Although some studies on vitamin D and den-
tal research, there is still a lack of data about this vitamin’s
role and its receptor in dental development and eruption.

The alveolar bone and primary teeth’s root resorption
observed during the permanent tooth’s eruption involves an
intricate resorption system. In some cases, primary teeth are
retained beyond the regular time of exfoliation. It is fre-
quently associated with the congenital absence (tooth agen-
esis) or impaction of the successor’s teeth [24]. Nonetheless,
some studies have shown that systemic disorders, such as
hormonal deficiency and syndromes, can also be associated
with PPT and, consequently, with DTE [40,41].

Disturbance in tooth eruption is a common finding in chil-
dren [27], which can be aggravated by nutritional deficiency
and genetic predisposition [27,42]. Therefore, this study
investigated the possible association between vitamin D lev-
els or genetic polymorphisms in VDR with dental develop-
ment and tooth eruption disturbances.

Considering that different factors are involved in PPT and
DTE’s aetiology, we evaluated if vitamin D serum concentra-
tion was associated with PPT. Vitamin D deficiency is fre-
quent in the world [1], and there is no consensus concerning
the concentration of this hormone to be considered a defi-
ciency [43]. This study was based on the Brazilian Society of
Paediatrics [34] and other reviews [3,35], which considered
concentrations lower than 20mg/mL as vitamin D deficiency.
We found that children with PPT presented lower vitamin D
concentrations compared to control. Moreover, our data indi-
cated that children with vitamin D deficiency had more risk
of having PPT associated with DTE occurrence. This is the
first study to report an association between low vitamin D
levels and PPT occurrence to the best of our knowledge. The
literature already stated that vitamin D deficiency causes sec-
ondary hyperparathyroidism, high bone turnover, bone loss,
mineralization defects, hip and other fractures [44].

The previous study highlights the importance of maternal
and neonatal vitamin D concentrations on primary dental
development (formation and mineralization of primary teeth).
The lower vitamin D level during mid-pregnancy or at birth
was associated with delayed primary tooth eruption [45,46].
Also, vitamin D deficiency was associated with dental caries
[47], and vitamin D-dependent rickets is related to enamel
defects [38]. Here, we further show that vitamin D is associ-
ated with PPT. These new pieces of evidence bring essential

information for the definition of the paediatric dentist treat-
ment plan.

In dental research, genetic polymorphisms in VDR have
already been associated with some clinical conditions, such
as periodontal disease [16] and dental caries in permanent
and primary teeth [7,8]. VDR is a nuclear receptor that medi-
ates the cellular effects of 1,25-dihydroxy vitamin D3 by bind-
ing to vitamin D response elements of target genes,
resulting in gene transcription changes. Many of these target
genes are crucial for tooth development and play an essen-
tial role in the different processes of tooth eruption and root
resorption. A previous study in a Brazilian population demon-
strated that apical root resorption of permanent teeth was
associated with a genetic polymorphism in VDR [15]. Here,
we show that the genetic polymorphisms rs2228570 and
rs739837 in VDR are not associated with PPT or DTE.

In conclusion, our results support that vitamin D defi-
ciency is a risk factor for PPT.
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