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Abstract: Background and Aims: Previous observational studies found inconsistent associations
between serum vitamin D levels and dental caries risk. A dose-response meta-analysis of cross-
sectional studies was performed to investigate the association. Methods: To April 2023, the ISI
Web of Science, PubMed, Scopus, and Google Scholar databases were searched for published papers.
Finally, 13 cross-sectional studies were considered that provided odds ratios (ORs) with 95% con-
fidence intervals (Cls) for dental caries in relation to serum vitamin D levels across all age groups.
Two reviewers conducted a thorough screening of the studies, data extraction, bias risk assessment,
and evidence quality. A random-effect model was used to assess the pooled estimated odd ratios
(with 95% confidence intervals). A weighted mixed-effects dose-response meta-analysis in one stage
was carried out. Results: Dental caries was significantly more likely to occur when serum vitamin D
levels were low compared to high (OR: 1.41; 95% CI: 1.18, 1.68; GRADE = poor confidence). With a
10 nmol/L increase in serum vitamin D level, linear dose-response analysis showed a significant 3%
(OR: 0.97; 95% CI: 0.96, 0.99) decrease in the likelihood of dental caries. Serum vitamin D levels and
dental caries were found to be inversely correlated, with a significant dose-response relationship at
levels greater than 78 nmol/L. Conclusion: This meta-analysis showed that vitamin D insufficiency
was strongly associated with dental caries, and that a 10 nmol/L increase in blood 25(OH)D levels
was linked to a 3% decrease in dental caries. However, the findings may have less clinical significance
due to the uncertainty of the evidence.
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1. Introduction

The essential fat-soluble prohormone vitamin D, also known as the “sunshine vitamin,”
plays a fundamental biological role in the human body [1]. It is vital for maintaining normal
growth, controlling calcium and phosphorus levels, and promoting the mineralization of
bones and other calcified tissues, such as teeth [2-4]. Vitamin D deficiency is a common
issue in many communities because of limited dietary sources and fortified foods with
vitamin D [5]. Epidemiological studies provide compelling evidence that vitamin D defi-
ciency represents a pervasive global epidemic, posing a substantial risk to approximately
1 billion of the world’s population [6,7]. Vitamin D deficiency can cause musculoskeletal
disorders or non-communicable diseases [8]. Since 25-hydroxyvitamin D (25[OH] D) plays
a role in tooth formation, this deficit makes teeth susceptible to caries because of enamel
defects [3,9]. Therefore, a lack of vitamin D has been linked to enamel abnormalities and a
higher chance of developing dental caries [10].
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Dental caries, also known as tooth decay, is a multifaceted infectious condition charac-
terized by the adherence of bacteria to teeth and their metabolic conversion of sugars into
acid [11,12]. This acid attack on dental tissue leads to discomfort, pain, chewing difficulties,
and having a negative effect on overall quality of life [13-15]. The available evidence sub-
stantiates that individuals across all age groups are susceptible to dental caries [12,16-18].
Moreover, as indicated by reports from the World Health Organization (WHO), dental
caries ranks as the fourth most costly chronic disease to manage [19]. Dental caries preva-
lence, according to the researchers, is linked to a number of variables, including low
socioeconomic position, restricted dental access, sugar consumption, parental education,
frequency of brushing, regular dental visits, and fluoride intake [20-24]. Because dental
caries and weakened oral conditions impede people’s ability to chew and bite, inadequate
25[OH] D levels can also induce vitamin D insufficiency and nutritional issues [25].

Numerous epidemiological studies have suggested a possible connection between
vitamin D levels in the general population and the development of dental caries [9,26-28].
Nevertheless, current research evidence remains inconclusive in establishing a defini-
tive relationship [29,30]. A systematic review and meta-analysis of studies that involved
controlled clinical trials revealed that vitamin D supplementation in children may have
the potential to lessen caries experience [31]. Low levels of 25[OH] D and childhood
dental caries were linked, according to a recent systematic review [32]. In addition, a
Chinese meta-analysis discovered that children’s dental caries risk may be increased
by vitamin D insufficiency [33].

The existing literature indicates an association between serum vitamin D levels and
dental caries. However, previous review studies are limited as they often lack meta-
analyses [32], fail to evaluate the certainty of the evidence [32,33], and their study pop-
ulation consisted of only children [31-33]. Therefore, this study aims to address these
limitations by (1) including new studies not covered in previous systematic reviews
and meta-analyses [16,18,34-37], (2) conducting a meta-analysis of cross-sectional studies,
(3) assessing the certainty of the evidence, and (4) including all age groups. Hence, the aim
of this study was to provide a systematic review of the available cross-sectional data on
measurements of dental caries status and serum vitamin level in all age groups.

2. Materials and Methods

Following PRISMA’s (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) recommended procedures, the current systematic review and meta-analysis
was conducted [38]. In addition, this systematic review questions followed the population,
intervention, comparator(s), and outcomes (PICO) framework [39]. The study proto-
col for this investigation is available online through PROSPERO, with the registration
number CRD42023424195 from: https:/ /www.crd.york.ac.uk/prospero/#searchadvanced
(accessed on 16 May 2023).

2.1. Literature Search

Two authors (MM and RL) independently conducted systematic searches across three
databases, namely ISI Web of Science, PubMed, and Scopus, to include observational
studies published up until 30 April 2023. In addition, a manual search was performed
using Google Scholar. The electronic search strategy is shown in Supplementary Table S1.
The search method did not include any limitations on publishing date or language.

2.2. Study Selection

Based on the following criteria, primary studies were deemed eligible for inclusion in
this systematic review and meta-analysis: (1) cross-sectional population-based epidemio-
logical studies; (2) participants from all age groups; (3) measurement of serum 25[OH]D
levels as the exposure variable; (4) examination of dental caries as the outcome of interest;
and (5) provision of odds ratios (ORs) and 95% confidence intervals (ClIs) to assess the
relationship between serum vitamin D levels and dental caries. In studies that reported
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OR:s for two cut-off points for vitamin D status, one OR was selected to avoid populations
overlap. Studies with (1) design of the randomized clinical trial, case-control, and cohort,
(2) gray literature (book chapters, conference abstracts, letters, theses, case reports, and
review articles), (3) patient population, (4) standardized regression coefficient (8) for the as-
sociation between serum vitamin D levels and dental caries, and (5) absence of multivariate
adjustment, were excluded from the meta-analysis.

2.3. Data Extraction

The articles were originally reviewed by title and abstract; studies with possibly perti-
nent data were then extracted and sent for full-text evaluation. Two authors (MM and DT)
independently extracted the data, and any disagreements were settled through conversa-
tion until an agreement was reached. It was not essential to contact the included studies’
authors at any point in the procedure. The primary author’s last name, the year of publica-
tion, the study’s location, its population, its design, and its sample size were all extracted
from each eligible study. Additional information extracted included the number of patients
with caries and the total number of individuals, gender distribution, age range, mean
serum vitamin D levels, the unit of measurement for serum vitamin D levels, methods
used to measure serum vitamin D levels, information about each vitamin D category, mid-
point serum vitamin D levels, odds ratios (ORs), and 95% confidence intervals (Cls) from
multi-adjusted models for serum vitamin D levels.

2.4. Risk of Bias Assessment

The “Newcastle-Ottawa Quality Assessment Scale” (NOS) was used to evaluate the
studies that were included in this systematic review and meta-analysis [40]. Two authors
(MM and RL) independently performed the quality evaluation. Participant selection,
comparability, and outcome evaluation are the three main factors of bias that the NOS uses
in its “star system” to rank research. Each study is assigned a score based on the number of
criteria met within these categories, indicating low, medium, or high quality. The maximum
score that can be awarded to each study is nine. According to the NOS criteria, studies with
quality scores > 7 were considered to be of high quality, those with scores of 6 or 7 were
considered to be of medium quality, and studies with quality ratings of 6 or below were
considered to be of low quality for this meta-analysis. Discussion between the authors
helped to clarify any disagreements.

2.5. Grading of the Evidence

The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
approach was used to grade the strength of the evidence, which was classified as very low,
low, moderate, or high [41]. Several factors were considered within this approach that
could lead to the downgrading of evidence, such as indirectness, risk of bias, inconsistency,
imprecision, and publication bias. In addition, it was also considered whether there was a
dose-response gradient, whether the effect size was large, and how thoroughly confounding
variables were taken into account.

2.6. Statistical Analysis

Pooled OR and 95% Cls were calculated to assess the relationship between serum
vitamin D levels and dental caries. A random-effects pairwise meta-analysis was used to
evaluate the overall effect size for the lowest category of vitamin D level compared to the
highest category [42].

I and the Cochrane Q statistic were used as measures of heterogeneity [43] and
12 was divided into four categories: maybe not important (0-40%), moderate hetero-
geneity (30-60%), substantial heterogeneity (50-90%), and considerable heterogeneity
(75-100%) [44].

To find potential sources of heterogeneity, we conducted a number of studies on
pre-specified subgroups based on the age group, race/ethnicity, sugar consumption, gen-
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der, family income, quality score, vitamin D levels categories, and 25[OH] D assessment.
Sensitivity analyses were performed by gradually excluding each study from the main
analysis to determine how much conclusions might be influenced by a specific study. Visual
inspection of funnel plots and the Egger’s regression asymmetry test were used to assess
publication bias [45].

We conducted a random-effects dose-response meta-analysis to determine the com-
bined odds ratio (OR) for a 10 nmol/L increase in vitamin D levels. Studies that provided
effect sizes specifically for a 10 nmol/L increase in vitamin D levels were included in our
analysis. If studies reported the OR for a 1 nmol/L increase instead, we transformed the
effect size to reflect a 10 nmol/L increase. This involved calculating the natural logarithm
of the OR and its 95% confidence interval, multiplying it by 10, and then exponentiation
of the results. In cases where studies reported effect sizes based on different categories
of vitamin D levels without providing continuous estimates, we estimated the OR for a
10 nmol/L rise in vitamin D levels using the approach suggested by Greenland and col-
leagues [46,47]. A random-effects model was used to incorporate the effect sizes from each
study. Ultimately, we performed a one-stage weighted mixed-effects meta-analysis to show
how the dose-response relationship between vitamin D and dental caries takes shape [48].

By computing the mean of lower and upper bounds for studies that reported serum
25[OH]D levels as ranges, the midpoint for each group was approximated. The interval
length was taken to be the same as the adjacent interval in the situations of the open-ended
lowest and highest category. The lower threshold of the open-ended lowest category was
typically regarded as zero.

STATA version 16.0 (STATA Corp, College Station, TX, USA) was used for the statistical
analyses. All tests, including the Cochran’s Q-test, were considered significant if the p value
was less than 0.05.

3. Results
3.1. Literature Search

A thorough, systematic literature search was carried out, and 1178 citations were
found in three different databases, including PubMed, Scopus, and Web of Science ISI.
Through a meticulous screening process, a total of 432 duplicate citations and 717 articles
deemed irrelevant based on their titles and abstracts were excluded from further consid-
eration. Subsequently, 29 publications were recognized as potentially relevant records.
A comprehensive full-text screening resulted in the exclusion of 16 articles due to their
failure to meet the eligible inclusion criteria, lack of sufficient data, or duplication of study
content [16,17,49-62] (Supplementary Table S2). As a result, the current systematic review
and meta-analysis included a total of 13 cross-sectional studies. (Figure 1).

3.2. Characteristics of Included Studies

Table 1 provides a summary of the characteristics of the included studies. The stud-
ies were published within the timeframe of 2013-2023, encompassing locations such as
the USA [18,29,30,34,36,37], Qatar [26], Northern Portugal [16], Korea [9,17], China [35],
and Canada [27], and involving participants of both genders. Participants in the stud-
ies ranged in age from 1 to 80 years, and the sample size varied from 335 to 8896 in-
dividuals across all age groups. The levels of 25[OH] D were assessed using various
techniques including radioimmunoassay [9,17,18,26,30,37], chromatography [29,34-36],
and chemiluminescence methods [16,27]. Out of the total studies reviewed, four were
classified as having high quality [17,29,30,34], six were categorized as having medium
quality [9,18,26,27,36,37], while only two exhibited low quality based on the Newcastle-
Ottawa Scale [16,35] (Supplementary Table S3).
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Figure 1. Flowchart of the study selection process.

3.3. Findings from the Meta-Analysis on Vitamin D Levels

By utilizing information from 12 studies with a total of 29,883 individuals and 13,436 cases,
the link between serum vitamin D levels and dental caries was analyzed. A cross-sectional
design was used in each of the included studies. The findings showed a significant association
between the exposure and the outcome. Individuals with the lowest serum vitamin D levels,
in contrast to those with the highest levels, had a 41% higher chance of developing dental
caries (OR: 1.41; 95% CI: 1.18, 1.68; P: 0.001; Figure 2). Even though the results were statisti-
cally significant, the certainty of the evidence was rated as poor (Supplementary Table 54).
Additionally, there was substantial heterogeneity among the included studies (I = 61.9%;

P heterogeneity = 0.001).
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Table 1. Main characteristics of included cross-sectional studies.

No. of
Age ..
Author/Year Country Design Range Gender Participants 25(0OH)D Levels Assessment of Outcome NOs
(References) (No. of Exposure Score
(Years)
Cases)
Akinkugbe, <30 nmol /L
gbe, USA Cross-sectional 12-19 Both 2579 (1357) 30-<50 nmol/L LC-MS/MS Dental caries 8
2019 [29]
>50 nmol/L
Competitive
Bener, 2013 . <20 ng/mL binding .
126] Qatar Cross-sectional 7-16 Both 1249 (691) 20-80 ng/mL radioimmunoassay Dental caries 6
technique
Competine ety o caviaed
Silva, 2021 Northern Cross-sectional 7 Both 335 (147) 230 ng/mL immunoassay lesions and 5
[16] Portugal <30ng/mL o advanced dental
protein-binding .
caries
assay
<10 ng/mL
Choi, 2018 . 10-<20 ng/mL . Experienced
[17] Korea Cross-sectional 10-18 Both 2655 (1738) 20-<30 ng,/mL Radioimmunoassay dental caries 8
>30 ng/mL
Liquid
Herzog, . <75nmol/L chromatography-
2022 [34] USA Cross-sectional 2-18 Both 3242 (1260) >75 nmol /L tandem mass DMFS 8
spectrometry
Untreated dental
Herzo <30 nmol/L decay, dental
8 USA Cross-sectional 5-12 Both 1103 (553) 30-49 nmol/L Radioimmunoassay restorations and 8
2016 [30] :
50-125 nmol/L overall caries
experience
<25 nmol/T. Competitive
. . 25-50 nmol/L DA DMFT index and
Kim, 2018 [9] Korea Cross-sectional 10-12 Both 1688 (861) 50-75 nmol /L protelp—bmdmg DME rate 7
radioassay
>75 nmol/L
Molar-incisor hy-
Kiihnisch, . Roche’s vitamin D pomineralization
2015 [63] Germany Cross-sectional 10 Both 1048 Not reported laboratory test and caries-related 7
defects
<25 nmol/L
Pu,2023[36]  USA  Cross-sectional  5-19 Both 8896 (4944) 2o 29mmol/L o v Dentalcarlesand g
50-74.9 nmol/L caries experience
>75nmol/L
<20 ng/mL
) Fluorescence
Qin, 2022 China Cross-sectional 0.5-4 Both 389 (146) 20-30 ng/mL immunochromatog- ECC 4
[35] 30-100 ng/mL raph
>100 ng/mL phy
<25 nmol/mL
Rigo, 2023 . 25-49.9 nmol/mL .. .
137] USA Cross-sectional 1-19 Both 3072 (538) 50_74.9 nmol /mL Radioimmunoassay Untreated caries 7
>75 nmol/mL
Schroth, . <50 nmol/L . .
2016 [27] Canada Cross-sectional 6-11 Both 1017 (574) >50 nmol /L Chemiluminescence dmft/DMFT 7
<25 nmol/mL
Zhou, 2020 . 25-49.9 nmol/mL .. .
[18] USA Cross-sectional 20-80 Both 4244 (1002) 50-74.9 nmol /mL Radioimmunoassay Dental caries 7
>75 nmol/mL

Abbreviations: DMFS, decayed, missing, and filled surfaces in permanent teeth; ECC, early childhood caries;
HPLC-MS/MS, high-performance liquid chromatography-tandem mass spectrometry; LC-MS/MS, liquid
chromatography-tandem mass spectrometry; NOS, Newcastle-Ottawa Scale; USA, United States of America.

3.4. Linear and Non-Linear Dose-Response Analysis

Each 10 nmol/L rise in serum vitamin D levels was significantly associated with a
3% decrease in the odds ratio of dental caries, according to a linear dose-response analysis
of 13 studies with 17 effect sizes (OR: 0.97; 95% CI: 0.96, 0.99; P: 0.084; Figure 3). In the
dose-response meta-analysis, it was found that there was a negative linear correlation
between vitamin D levels and dental caries. This finding was based on analyzing 16 effect
sizes from 12 studies (P noninearity = 0-598, P gose-response = 0.002, Figure 4). The effect
sizes in different doses from 12.5 to 162.5 nmol/L are reported in Supplementary Table S5.
As the level of vitamin D increases, there is a corresponding decrease in the odds ratio
of developing dental caries. Notably, when the vitamin D level exceeds 78 nmol/L, this
reduction becomes statistically significant (Figure 4 and Supplementary Table S5).
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Catia Carvalho
Herzog (b)
Qin

Herzog (a)
Herzog (c)
Rigo (b)

Rigo (a)

Pu

Rigo ()

Year Country
2013 Qatar
2016 Canada
2016 USA
2018 Korea
2019 USA
2020 Korea
2020 UsA
2021 Northern Portugal
2022 UsA
2022 China
2022 USA
2022 UsSA
2023 UsA
2023 USA
2023 UsA
2023 UsSA

Overall, DL (I' = 61.9%, p =0.001)

%

OR(95%CI)  Weigh

1.13(1.05,1.21) 1443
147(0.87,250) 641
0.65(027,1.52) 329
125(097,159) 1153
130(0.73,238)  5.61
208(0.87,497) 3.25
283(2.05,390) 995
1.64(0.87,3.03) 523
1.17(0.54,2.56)  3.85
137(0.60,3.13)  3.51
1.16 (0.66,2.00) 6.06
120(0.83,1.81) 8.63
1.79(0.29, 11.03) 0.90
2.55(1.06,6.13) 321
1.28(0.96,1.69) 10.75
174075, 404) 342
141 (118, 1.68) 100.00

0.125

—

Figure 2. Forest plot of cross-sectional studies that examined the association between lowest vs.

highest level of serum vitamin D and risk of dental caries. The red dashed line shows the effect size

of the study which is 1.41. The blue triangle represents the confidence interval. Gray squares show

the weight of the input studies, the horizontal lines indicate the confidence intervals and the effect
size of each study. (a), (b) and (c) show different effect sizes of a single study.

%
Author Year Country OR (95%CI) Weight
Akinkugbe 2019 USA -+ 0.96(0.85,1.10) 138
Bener 2013 Qatar - 0.99 (0.98,0.99) 24.08
Citia Carvalho 2021 Northern Portugal —_— 0.04(0.86,1.02) 295
Choi 2018 Korea e 1.00 (0.98, 1.05) 1120
Herzog 2016 USA 1.07 (097, 1.18) 230
Herzog (a) 2022 USA — 098 (0.91,1.06) 3.58
Herzog (b) 2022 USA R 0.98(0.88,1.09) 196
Herzog (¢) 2022 USA — 098(093,1.03) 678
kim 2018 Korea — 0.96(091,101) 658
Pu 2023 USA —— 0.97 (0.94,1.01) 10.71
Qin 2022 China — 1.00 (0.95,1.05) 6.8
Rigo (a) 2023 USA * 0.88(0.75,1.03) 093
Rigo (b) 2023 USA — 0.96(091,1.02) 575
Rigo () 2023 USA —_— 0.96 (0.87,1.05) 2.48
Schroth 2016 Canada : 003(0.83,1.03) 193
Zhou 2020 USA — 0.3 (0.89,008) 737
Kiihnisch 2014 Germany ; 0.89 (0.82,097) 3.03
Overall, DL (I' = 34.1%, p=0.084) 203 0.97 (0.96, 0.99) 100.00

I 1
0.75 1 133

Figure 3. Forest plots of the estimated odd ratios (OR) of the association between 10 nmol/L increase
in vitamin D levels and dental caries. The red dashed line shows the effect size of the analysis. The
blue triangle represents the confidence interval of the analysis. Gray squares show the weight of the

input studies, the horizontal lines indicate the confidence intervals and the effect size of each study.

(a), (b) and (c) letters show different effect sizes of a single study.
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Dental caries

0.4

0 50 100 150
Vitamin D level (nmol/l)
Figure 4. Non-linear dose-response association between vitamin D levels and dental caries. The
lowest level of serum vitamin D (12.5 nmol/L) was considered as the reference. The circles represent
the input into the analysis. Dashed red line shows value of 1, which is the OR criterion and the effect
sizes are compared to it. The dashed black lines illustrate the confidence interval limits. The solid
black line is the study’s overall effect size. The red line shows the direction and the proportion of the
association which is linear and inversely proportional.

3.5. Subgroup, Sensitivity Analyses, and Publication Bias

Given the presence of heterogeneity among the studies included, a pre-defined subgroup
analysis was conducted to identify its source (Table 2). Through subgroup analysis, we find
that age group (P heterogeneity between* < 0.001) and family income (P heterogeneity between* 0.041)
are two sources of high heterogeneity. In all subgroups, a rise in the odds ratio of dental
caries was associated with a drop in vitamin D serum levels; although this trend was not
significant in vitamin D categories of T3 vs. T1, quality scores of high and low, adjusted for
sugar consumption, and children and youth subgroups.

Sensitivity analysis showed that none of the excluded studies had an impact on the
final estimate significantly, and the results are robust (OR range: 1.17-1.78). Egger’s test
and the funnel plot revealed no evidence of publication bias (P: 0.069; Figure 5).

Funnel plot with pseudo 95% confidence limits

—
o\
/ \
7 \
/ X
/ \ o
N~ 7 \
) / \
/ [ ] \
7 [ \
’ L4 \
/ \
831 / R
) / Y
o0 / [ ] o o %
2 Vi \
e 7 \
g / \
Y o / \
% o // \\
/ \
/ \
@ \
0 / \
: / \
= / \
/ \
& ° %
T T T
2 1 0 1 2
log OR

Figure 5. The funnel plot of the association between vitamin D levels and dental caries. The green
circles represent the effect sizes of the input studies. The dashed black lines are the upper and lower
limits of the confidence interval. The solid black line shows the overall effect of the analysis.
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Table 2. Results of subgroup analyses of serum vitamin D levels with dental caries.

Variables No. of Effect Sizes OR (95% CI) P within ° ? P petween ©
Overall 16 1.41 (1.18,1.68) 0.001 61.9% -
Age group <0.001
Children 10 1.15(1.08,1.23) 0.557 0.0%
Adolescents 3 1.56 (1.02, 2.39) 0.653 0.0%
Children and youth 2 1.29 (0.98,1.71) 0.721 0.0%
Adults 1 2.83 (2.05, 3.90) - -
Adjustment for race/ethnicity 0.132
Yes 10 1.45 (1.08, 1.95) 0.004 62.5
No 6 1.15(1.08, 1.23) 0.458 0.0%
Adjustment for sugar consumption 0.116
Yes 6 1.20 (0.95, 1.51) 0.763 0.0%
No 10 1.58 (1.22,2.03) <0.001 75.5%
Adjustment for gender 0.067
Yes 12 1.48(1.14,1.91) 0.001 57.1%
No 4 1.15(1.07, 1.23) 0.414 0.0%
Adjustment for family income 0.041
Yes 12 1.41 (1.06,1.22) 0.628 0.0%
No 4 1.47 (1.16, 1.86) 0.006 58.4%
Quality score © 0.345
High 6 1.20 (0.94, 1.53) 0.614 0.0%
Medium 8 1.55 (1.18, 2.03) <0.001 79.8%
Low 2 1.54 (0.93,2.53) 0.733 0.0%
Vitamin D categories 0.108
Qyvs. Qp 7 1.15(1.08,1.23) 0.837 0.0%
T3 vs. Tq 4 1.31(0.8,2.13) 0.191 36.9%
Q4 vs. Qp 5 1.89 (1.18, 3.01) 0.001 69.9%
25 (OH)D assessment 0.411
Radioimmunoassay technique 8 1.56 (1.11,2.19) <0.001 81.3%
Chromatography 6 1.25 (1.03, 1.50) 0.999 0.0%
Chemiluminescence 2 1.54 (1.03, 2.30) 0.793 0.0%

a P for heterogeneity within subgroup. ° P for heterogeneity between subgroups. ¢ Quality scores were accordin,
g y group g y group y g
to Newcastle-Ottawa Scale.

4. Discussion

In the analysis, a total of 13 studies were included. The studies were published within
the timeframe of 2013-2023, encompassing locations such as the USA [18,29,30,34,36,37],
Qatar [26], Northern Portugal [16], Korea [9,17], China [35], and Canada [27], and in-
volving participants of both genders. The age of participants in the studies ranged from
1 to 80 years, and the sample size varied from 335 to 8896 individuals across all age groups.
Out of the total studies reviewed, four were classified as having high quality [17,29,30,34],
six were categorized as having medium quality [9,18,26,27,36,37], while only two exhibited
low quality based on the Newcastle-Ottawa Scale [16,35].

The present study examines the relationship between vitamin D levels and dental
caries through a comprehensive systematic review and meta-analysis. For this association,
no dose-response research has ever conducted done before. The findings of this system-
atic review and dose-response meta-analysis show a statistically significant relationship
between the lowest 25[OH]D level and a higher risk of dental caries when compared to the
highest level. However, it is crucial to note that the evidence’s degree of certainty was rated
as low. In addition, a linear dose-response study revealed that for every 10 nmol/L rise in
25[OH] D levels, there was an apparent 3% decrease in the risk of dental caries. Nonlinear
dose-response analysis revealed a linear dose-dependent association as well.

The relationship between serum vitamin D levels and the risk of dental caries has been
evaluated in a number of prior systematic studies and meta-analyses. Although subgroup
analysis according to the type of study revealed that cross-sectional and cohort studies
found no significant difference in the relationship between the suboptimal vitamin D
levels and dental caries risk, a recent meta-analysis found that suboptimal vitamin D
concentration significantly increased caries risk in children (11%), which is similar to
our finding [33]. In another meta-analysis which included 24 controlled clinical trials of
children participants, where 22 of them were conducted before the modern design of trials,
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the conclusion was a low-certain evidence in favor of the positive effect of vitamin D
supplements to reduce caries risk in children [31]. Furthermore, a systematic review by
Silva et al. found evidence of an association between low 25[OH] D levels (75 nmol /L) and
caries experience in children [32].

Primary studies have uncovered conflicting data. According to our research, den-
tal caries risk was inversely related to vitamin D status. Studies by Benner et al. and
Kim et al. supported our findings by showing children with low vitamin D levels had
increased dental caries [9,26], additionally, Kuhnisch et al. and Schroth et al. illustrated
that there is a significant association between lower caries incidence in children and greater
25[OH] D levels [27,63]. On the other hand, several studies found no link between chil-
dren’s oral caries experience and 25[OH] D levels [29,30,34].

The inconsistency between results could be because of diversity in age range, sample
sizes, or race/ethnicity. However, subgroup analysis was conducted to see where the
heterogeneity came from. The subgroup analysis indicated that age group and family
income are heterogeneity sources. Reduced vitamin D serum levels were linked to higher
risks of dental caries in all subgroups; however, they were not significant in all subgroups.

A 10 nmol/mL increase in 25[OH] D levels, according to earlier research by Zhou et al.
and Pu et al,, respectively, was associated with a 7% and 10% reduction in the likelihood
of developing dental caries [18,36]; these results support our findings, which showed
that a 10 nmol /L rise in 25[OH] D concentration resulted in a 3% decrease in the risk of
developing dental caries.

Although the precise mechanism linking vitamin D to dental caries is not entirely
understood, it has been stated that vitamin D improves calcium metabolism [64]. Plasma
levels of calcium and phosphate are regulated by vitamin D during dentin development
and promote mineralization by attaching to dental cells [65,66]. Tooth surfaces demineralize
by acid-producing bacteria, but vitamin D could maintain adequate calcium and phosphate
levels in saliva for remineralization after demineralization [67]. Additionally, vitamin D has
lytic activity against cariogenic bacteria [68], so an insufficient vitamin D level can cause
development flaws in tooth structure and incomplete response to caries.

Additionally, vitamin D is a vital agent in maintaining the balance of saliva electrolytes
which could influence saliva production [69]. In addition, the higher risk of caries is due to
lower flow and higher viscosity of saliva [70]. Furthermore, studies revealed that vitamin
D regulates the immune system, causing the development of antimicrobial proteins such
defensins, cathelicidins, and proteases that attack cariogenic bacteria [71-73]. Figure 6
summarizes the possible roles of vitamin D in caries prevention.

The current study is an updated dose-response meta-analysis that examined the associ-
ation between dental caries and vitamin D levels across all age groups, and thus the findings
could be generalized to the entire population. We attempted to decrement the confounding
effects and searched databases without language and time restrictions. Additionally, we
only included studies that were carried out on healthy populations, conducted a one-stage
weighted mixed-effects meta-analysis to ascertain a subgroup analysis to determine the
effect of any potential confounding factors (such as race/ethnicity, sugar consumption,
gender, and family income), conducted the Egger’s asymmetry test to determine the impact
of publication bias, and calculated the linear and non-linear relationships between the
variables. Moreover, the evidence quality for the study outcome was evaluated utilizing
the GRADE approach.

The use of cross-sectional research, which could only assess if there was an association
between vitamin D level and dental caries but could not demonstrate the causal relationship
between them, constituted one of the study’s shortcomings. The included studies have also
evaluated the level of serum vitamin D in various ways. Based on the GRADE approach,
the overall quality of the evidence was “low”.
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Figure 6. Possible biological mechanisms of vitamin D in caries prevention: A. Enhances absorption
of calcium and phosphorus from the intestine. B. Regulates the deposition of adequate amount of
calcium and phosphorus in the tooth structure during development. C. Helps remineralization of
tooth surface after demineralization. D. Antimicrobial effects against cariogenic bacteria.

5. Conclusions

In conclusion, despite the limited certainty of the data, dental caries risk was consider-
ably increased by low serum vitamin D levels. The risk of dental caries decreased linearly
with an increase in vitamin D concentration, and this association was dose-dependent. A
10 nmol/L increase of 25[OH] D levels was significantly associated with a 3% lower risk
of dental caries, according to the linear dose-response analysis. Hence, clinically, serum
vitamin D level and dental caries status can be seen as markers and predictors for each other,
especially in high-risk groups. It is suggested that high-quality studies, e.g., controlled
trials or prospective cohort studies with large sample sizes could be an appropriate way to
design future research and produce reliable results.
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