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Abstract 

Background Vitamin D plays a crucial role in oral health, and its deficiency is associated to significant changes in oral 
health diseases. We aimed to explore the relationship between levels of 25-hydroxyvitamin D (25(OH) D) and dental 
caries in children.

Methods Four electronic databases were searched by two investigators including PubMed, Embase, Web of Sci-
ence, and Cochrane Library. Dental caries results were presented as either prevalence or based on the index of pri-
mary and permanent teeth/surfaces with decaying, missing, and filled areas, while vitamin D levels were determined 
through laboratory testing. Two researchers independently selected studies, collected information, assessed risk 
of bias, and evaluated the study quality. Any disagreements were resolved through discussion.

Results A total of 13 studies were included, comprising 5 cross-sectional studies, 5 cohort studies, 3 case–control 
studies, all of which had high methodological quality. Our meta-analysis showed that children with vitamin D defi-
ciency had a 22% higher risk of dental caries than those with normal vitamin D levels, with a relative risk (RR) of 1.22 
and a 95% confidence interval (CI) of 1.18 to 1. 25. Further subgroup analysis according to the three types of studies 
showed that the risk of dental caries in children with vitamin D deficiency was higher than that in normal vitamin D 
level group (cohort studies: 62%; cross-sectional studies, 19%; and case–control studies, 5%). Additionally, according 
to age, subgroup analysis also showed that the risk of dental caries in children with vitamin D deficiency was higher 
than that in normal vitamin D level group (permanent teeth studies, 28%; deciduous teeth studies, 68%; and mixed 
dentition studies 8%).

Conclusions Levels of 25 (OH) D have been found negatively associated with dental caries in children, indicating 
that low vitamin D levels may be considered a potential risk factor to this dental disease.
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Background
Dental caries is a progressive destructive disease of the 
dental hard tissue under the action of many factors domi-
nated by bacteria [1, 2]. This dynamic process begins 
when the oral defense systems are disrupted by the sugar-
driven dysbiosis of the dental plaque microbiota, lead-
ing to demineralization of the dental hard tissues [1, 3]. 
Enamel hypoplasia is a confirmed risk factor for dental 
caries, which may promote the attachment and coloni-
zation of dental caries pathogens on the tooth surface, 
increasing susceptibility to dental caries and the risk of 
early dental caries. Remarkably, a shortage of vitamin 
D during odontogenesis can cause enamel hypoplasia, 
thereby rendering teeth more vulnerable to caries [4–7].

The most significant form of vitamin D in the blood-
stream is 25-hydroxyvitamin D [25-(OH) D], which is 
produced in the liver and then further hydroxylated into 
1,25-dihydroxyvitamin D [1,25-(OH) 2D] in the kid-
neys [8]. Vitamin D can be obtained from two primary 
sources: endogenous vitamin D3 produced after skin 
exposure to ultraviolet B radiation, and exogenous vita-
min D3 found in dietary supplements [9, 10]. Despite 
seasonal variations, up to 90% of the vitamin D in the 
human body is generated through endogenous metabo-
lism. Vitamin D plays a crucial role in oral health, and a 
deficiency in this vitamin has been associated to signifi-
cant changes in tooth, oral, and craniofacial structure, 
as well as a number of oral health diseases [4, 11]. Espe-
cially, 1, 25-(OH) 2D is the key to the absorption of die-
tary calcium from the intestinal tract and essential in the 
formation and development of bones and teeth [12, 13].

Recent studies have discovered that nutritional defi-
ciencies are increasingly linked to oral disorders [14]. 
The lack of vitamin D during deciduous and permanent 
tooth formation increases the risk of dental caries [15]. 
Dental caries and periodontitis, which remain the most 
prevalent oral diseases worldwide, are complex and mul-
tifactorial conditions. Vitamin D deficiency (VDD) rick-
ets and its pathophysiological processes are related to 
these diseases [16]. Vitamin D has various mechanisms 
that impact dental health beyond bone metabolism. Now, 
studies have shown that VDD affects tooth development 
and can lead to fractures and caries in under-mineralized 
dentition [17]. Additionally, VDD is associated with poor 
periodontal health and may be involved in the immune 
mechanism of periodontal infection [18]. Upon its dis-
covery, vitamin D was speculated to quickly stop and 
prevent tooth cavities. The hypothesized mechanisms of 
vitamin D’s impact on dental health include improved 
tooth growth, better dentin mineralization, local fluo-
ride impact, changes in saliva, biochemical composition, 
and vitamin D-controlled caries activity through immu-
nological variables [1, 17]. Some studies have shown 

that ameloblasts and odontoblasts are the target cells 
of 1, 25-(OH) 2D. Vitamin D deficiency in the pregnant 
women can affect the metabolism of fetal ameloblasts 
and result in dental enamel hypoplasia in young children, 
making children are more susceptible to dental caries 
[19].

Although a wide range of published data is available 
[20, 21], the relationship between vitamin D and caries 
remains ambiguous. Therefore, the purpose of this study 
was to evaluate the association between a higher experi-
ence of dental caries and lower serum vitamin D levels in 
children.

Materials and methods
When conducting our systematic review and reporting 
findings, we followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) [22]. 
Given that all of the data in this article were obtained 
from published literature, no informed consent or ethi-
cal approval was required. To ensure the reliability of 
our results, two researchers independently searched 
for studies, determined eligibility, extracted data, and 
evaluated study quality. Any disagreements between the 
two researchers were resolved through discussion and 
consensus.

Search strategy
On January 6, 2023, a search was conducted across four 
electronic databases: PubMed, Embase, Web of Science, 
and Cochrane Library with no time restrictions. Vocab-
ulary and grammar were modified to match each data-
base’s specifications. The search terms included (Vitamin 
D [MeSH Terms] OR (25(OH)D) OR (25-hydroxyvitamin 
D) OR [1, 25-(OH) 2D] OR (1,25-dihydroxyvitamin D) 
OR (VD)) and (Dental Caries [MeSH Terms] OR (Den-
tal Cavity)) OR (Dental Decay) OR (Carious Lesion) OR 
(Carious Dentin) OR (Dental White Spot)) and (Child 
[MeSH Terms] OR Children) with no language restric-
tions. Relevant reference lists were also manually exam-
ined for additional potential entries.

Inclusion criteria
The systematic review included studies that met the 
following requirements: (1) Cohort, case–control, and 
cross-sectional studies investigating the epidemio-
logical association between vitamin D level and den-
tal caries in children; (2) Subjects were children under 
19  years old, with deciduous teeth under 6  years old, 
mixed dentition at 6–12 years old, and permanent teeth 
over 12 years old; (3) The study’s exposure factors were 
vitamin D deficiency (serum 25 (OH) D < 50 nmol/L as 
deficiency, ≥ 50 nmol/L as normal vitamin D level) [23]; 
(4) Outcome indicators included caries, missing teeth, 
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number of filled teeth, and dental caries experience; (5) 
The literature provided relative risk (RR) and its corre-
sponding 95% confidence interval (95%CI), or there was 
enough data to calculate them; (6) If a study involving 
the same population was published multiple times, the 
study with the largest sample size or the most recent 
publication was selected. The exclusion criteria were as 
follows: (1) Repetitive literature; (2) Documents with 
incomplete or unclear analytical data and inconsistent 
outcome indicators; (3) Poor quality documents with a 
lack of original data; (4) Case reports, commentaries, 
expert opinion, and narrative reviews.

Data extraction
Two reviewers independently reviewed the litera-
ture and extracted the relevant data. The reviewers 
cross-checked their findings, and any discrepancies 
were resolved through discussion. During the screen-
ing process, they assessed the title and abstract before 
reading the full text, eliminating any obviously irrel-
evant material. The extracted data, including the first 
author’s surname, publication year, study design, par-
ticipant demographics, diagnostic criteria for dental 
caries, method for assessing 25(OH)D levels, preva-
lence, DMFT or DMFS indices, individual components 
of either index, Pearson’s correlation coefficients (r) and 
odds ratios (OR), and respective confidence intervals 
(CI), P-values, or other summary effect measures, were 
recorded in standardized Excel files. If there were no 
data of interest in the published report, the investiga-
tors of the original study were contacted via email to 
request the unpublished data.

Quality assessment
The New Castle-Ottawa Scale (NOS) was used to rate the 
caliber of the included cohort and case–control studies 
[24]. The scale consisted of nine elements, which were 
grouped into three categories: Selection, Comparabil-
ity, and Outcome/Exposure. Two reviewers assessed the 
following NOS components: representativeness of the 
exposed cohort, selection of the nonexposed cohort 
(selection bias), ascertainment of exposure, demonstra-
tion of outcome, comparability of cohorts (comparabil-
ity bias), assessment of outcome, follow-up duration, and 
adequacy of follow-up of cohorts (outcome bias). The 
study quality was classified as low, fair, or high based on 
scores of 0–3, 4–6, and 7–9, respectively. Meanwhile, the 
quality of cross-section studies was assessed according to 
the 8 criteria of Joanna Briggs Institute (JBI) guidelines 
[25], and was considered with low risk of bias when the 
score > 5.

Statistical analyses
We evaluated heterogeneity between studies using Chi-
square statistics and qualified it by  I2.  I2 values were used 
to determine the level of heterogeneity among included 
studies, with values greater than 50% indicating signifi-
cant heterogeneity and values of 0% indicating no observ-
able heterogeneity. To combine the results of each article, 
we normalized the relative risk using random effects 
models to do analysis and also pooled the adjusted RR in 
consideration of the multifactorial causes of dental caries 
in our present study. Funnel plots was applied to assess 
publication bias. For all statistical analyses, a two-sided 
P-value of < 0.05 was considered significant. We exam-
ined data from RCTs that met our inclusion criteria using 
Stata version 17 (StataCorp, College Station, TX, USA).

Results
Search results and study selection
After conducting the initial search of electronic data-
bases, a total of 2731 publications with similar content 
were retrieved. Through the removal of repetitive lit-
erature, examination of titles and abstracts, and strict 
adherence to inclusion and exclusion criteria, 56 related 
works were obtained. Subsequently, 43 publications were 
excluded from further reading, leaving a final set of 13 
articles that met the criteria for inclusion [2, 17, 20, 21, 
26–34]. Figure 1 illustrates the process and results of the 
literature screening.

Study characteristics
The studies included in this systematic review are pre-
sented in Table  1. Specifically, the review comprised 13 
trials, including three case–control studies [2, 17, 30], five 
cohort studies [26, 29, 31, 33, 34], and five cross-sectional 
studies [20, 21, 27, 28, 32]. A total of 19205 patients were 
included in 13 trials; their mean ages ranged from 1 to 
19 years, and the percentage of male patients varied from 
47.3% to 75.0%.

Results of quality assessment
In present study, we used the New Castle-Ottawa Scale 
(NOS) and JBI guidelines to evaluate the included study’s 
methodological quality. Our analysis revealed that three 
studies scored 7 points, while five studies received a score 
of 8 points and five studies achieved a score of 9 points 
which revealed low risk of bias as shown in Table 1. Addi-
tionally, no evidence of funding bias for any of the studies 
was noteworthy and none of the trials exhibited baseline 
imbalances, early stopping bias, or inadequate outcome 
data.
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The results of meta‑analysis
The unadjusted meta-analysis findings showed significant 
heterogeneity among the included studies  (I2 = 65.7%, 
P = 0.000). The random effect model was used, and 
results showed that patients with vitamin D deficiency 
had a 22% higher risk of dental caries than those with 
normal vitamin D levels [unadjusted RR = 1.22, 95% con-
fidence interval (CI): 1.18 ~ 1.25, Fig.  2a]. Considering 
the multifactorial etiology of dental caries, we conducted 
an adjusted analysis in our study for confounders which 
takes some risk factors into account, such as the tooth 
brushing and socioeconomic factors (adjusted RR = 1.16, 
95%CI: 1.10 ~ 1.22, Fig. 2b).

The results of subgroup analysis
A total of 13 observational studies were included, 
including three case–control studies [2, 17, 30], five 
cohort studies [26, 29, 31, 33, 34], and five cross-sec-
tional studies [20, 21, 27, 28, 32]. The heterogene-
ity among the five cohort studies, five cross-sectional 
studies, and three case–control studies were sig-
nificant (P = 0.000). Our meta-analysis, using the 

random effect model, found that individuals with vita-
min D insufficiency had a 62%, 19%, and 5% greater 
risk of dental caries than those with normal vitamin 
D levels in cohort, cross-sectional, and case–control 
studies, respectively (cohort studies, RR = 1.62, 95%CI: 
1.51 ~ 1.74; cross-sectional studies, RR = 1.19, 95%CI: 
1.14 ~ 1.24; case–control studies, RR = 1.05, 95%CI: 
1.00 ~ 1.09; Fig. 3).

The subgroup analysis was conducted according to age, 
including two permanent teeth studies [21, 33], six decid-
uous teeth studies [17, 20, 26, 28, 29, 34], and four mixed 
dentition studies [2, 30–32]. The heterogeneity among 
the two permanent teeth studies, six deciduous teeth 
studies and four mixed dentition studies were significant 
 (I2 = 70.3%, 80.1%, and 93.2%, respectively). Using a ran-
dom effects model, it was shown that the risk of dental 
caries was 28%, 68%, and 8% greater in individuals with 
vitamin D insufficiency than in those with normal vita-
min D levels in permanent dentition, deciduous dentition 
and mixed dentition, respectively (permanent denti-
tion, RR = 1.28, 95%CI: 1.21 ~ 1.35; deciduous dentition, 
RR = 1.68, 95%CI: 1.57 ~ 1.79; mixed dentition, RR = 1.08, 
95%CI: 1.04 ~ 1.12; Fig. 4).

Fig. 1 Selection process of included studies
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Table 1 The characteristics and quality assessment of included studies in the meta-analysis

NA Not available

Author Year Country Study design Study 
population

Sample size Site of data 
collection

Caries diagnosis 
criteria

Vitamin D 
deficiency / 
normality

Score

Carvalho 2021 Portugal Cohort  < 10 years 
children

335 the Porto 
Metropolitan 
Area (Northern 
Portugal)

Any Caries: 
including non-
cavitated lesions 
and/or past treat-
ment

218/117 9

Navarro 2021 Netherlands Cohort 6 years children 5257 the Rotterdam, 
Netherlands

Any Caries: 
including non-
cavitated lesions 
and/or past treat-
ment

2620/2637 8

Akinkugbe 2019 USA Cross-sectional 12 ~ 19 years 
adolescents

2579 the National 
Health and Nutri-
tion Examination 
Survey, USA

Cavitated Lesions 916/1663 8

Seminario 2018 USA Cross-sectional 1 ~ 6 years 
children

276 the Seattle Chil-
dren’s Hospital 
(SCH), USA

Any Caries: 
including non-
cavitated lesions 
and/or past treat-
ment

138/138 7

Kim 2018 Korea Cross-sectional 10 ~ 12 years 
children

1688 the Korea 
National Health 
and Nutrition 
Examination 
Survey, Korea

Any Caries: 
including non-
cavitated lesions 
and/or past treat-
ment

1038/650 7

Gyll 2018 Sweden Cohort 6 years children 85 Umeå 
and Malmö, 
Sweden

Any Caries: 
including non-
cavitated lesions 
and/or past treat-
ment

50/35 9

Deane 2017 Canada Case control 6 years children 266 the Misericor-
dia Hospital 
and community, 
Canada

Non-Cavitated 
and Cavitated 
Lesions

179/87 9

Wagner 2016 Germany Cohort 3 ~ 4 years 
children

755 Jena, Germany Any Caries: 
including non-
cavitated lesions 
and/or past treat-
ment

60/695 9

Herzog 2016 USA Cross-sectional 5 ~ 12 years 
children

1103 the National 
Health and Nutri-
tion Examination 
Survey, USA

Non-Cavitated 
and Cavitated 
Lesions

343//760 8

Schroth 2016 Canada Cross-sectional 6 ~ 11 years 
children

1017 the Canadian 
Health Measures 
Survey

Cavitated Lesions 127/890 7

Dudding 2015 Britain Case control 6 ~ 9 years 
children

5545 the South West 
of England

Non-Cavitated 
and Cavitated 
Lesions

1952/3593 8

Schroth 2013 Canada Case control 3 ~ 5 years 
children

261 the city of Win-
nipeg, Manitoba, 
Canada

Non-Cavitated 
and Cavitated 
Lesions

43/218 8

Schroth 2012 Canada Cohort  < 6 years children 38 the southern 
Manitoba, 
Canada

Any Caries: 
including non-
cavitated lesions 
and/or past treat-
ment

32/6 9
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Publication bias and sensitivity analysis
The funnel plots constructed with the observed study 
showed symmetry, and no significant publication bias 
was detected (Fig. 5). Furthermore, to boost the analysis’s 

credibility, sensitivity analysis was performed by exclud-
ing each data in turn (Fig.  6). It was demonstrated that 
the omission of any study did not influence the pooled 
RRs significantly, indicating the robustness of our results. 

Fig. 2 Unadjusted (a)/adjusted (b) analysis of the correlation between vitamin D level in children and dental caries risk
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Remarkably, when we omitted Dudding et  al. study, the 
pooled result led to a certain bias, which contributed 
the summary RR even large, further confirming our 
conclusion.

Discussion
Enamel, dentin, and cementum are the three primary 
hard tissues that comprise teeth, which are mineralized 
organs enclosed by alveolar bone. Tooth mineralization 
occurs in a manner similar to bone, but if mineral metab-
olism is disrupted, tooth tissue may not mineralize prop-
erly [35, 36]. Some studies indicate that vitamin D plays 
a crucial role in bone and tooth formation and develop-
ment [37]. Vitamin D facilitates the absorption of calcium 
and phosphorus in the intestinal tract and their reabsorp-
tion in the renal tubules. It also elevates blood levels of 
calcium and phosphorus, and assists in calcifying the 
bone matrix through the interaction of parathyroid hor-
mone and calcitonin [38, 39]. Vitamin D insufficiency is 
linked to a range of systemic illnesses, including cardio-
vascular disease, metabolic syndrome, malignant tumors, 
autoimmune disorders, infections, and chronic nephrop-
athy, in addition to bone disorders [40, 41].

The link between vitamin D and dental caries is also a 
major concern but unclear. One biological viewpoint is 
that vitamin D works through its receptor, and that LL-37 
gene polymorphism may be linked to dental caries [42]. 
Alternatively, a deficiency in vitamin D may reduce the 
amount of calcium and phosphate ions in mineralized 
tissues, resulting in localized tooth decalcification [43]. 
Other studies suggest that vitamin D regulates immunity 
and activates the production of antimicrobial proteins, 
such as defensins and proteases [44], which have multiple 
antibacterial effects and can effectively inhibit the activ-
ity of Gram-negative and Gram-positive bacteria on the 
tooth surface, increasing susceptibility to dental caries.

At present, it remains ambiguous whether vitamin D 
levels impact the likelihood of developing dental caries. 
Doğusal et  al. believed serum 25(OH)D concentrations 
seemed not to have a significant effect on dental caries 
or molar incisor hypomineralisation in children [45]. 
Additionally, Herzog et  al. found no significant correla-
tion between serum 25(OH)D levels and the incidence 
of dental caries when the serum 25(OH)D was below 
30  nmol/L [27]. Vitamin D was not identified as a pre-
dictor of dental caries in a study of Australian twins 

Fig. 3 Subgroup analysis according to designed research types for the correlation between vitamin D level and dental caries risk
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Fig. 4 Subgroup analysis according to different age groups for the correlation between vitamin D level and dental caries risk

Fig. 5 Funnel plot of the correlation between vitamin D level in children and dental caries risk
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examining prenatal and developmental risk variables by 
Silva et al. [46]. However, various trials have shown that 
vitamin D supplementation can reduce the risk of dental 
cavities [26, 33, 47]. Kühnisch et  al. observed a correla-
tion between an increase in serum 25(OH)D levels and a 
decrease in dental caries incidence [48]. As blood 25(OH)
D levels increase by 10  nmol/L, the incidence of tooth 
mineralization is reduced by 11%. Hujoel P et  al. also 
claimed that vitamin D exposures in childhood may play 
a crucial role in caries prevention and revealed vitamin 
D supplementation could reduce the risk of dental car-
ies by 47% [49]. Additionally, Norrisgaard et  al. noted a 
strong association between vitamin D3 levels and socio-
economic and lifestyle variables, while pregnant women 
taking vitamin D supplements were less likely to experi-
ence enamel abnormalities [50]. These results align with 
Kühnisch et al.’s findings of a positive correlation between 
increased blood 25(OH)D concentration at age 10 and a 
decreased likelihood of enamel abnormalities.

Based on our current meta-analysis, individuals with 
insufficient levels of vitamin D are 22% more likely to 
develop dental caries compared to those with normal 
vitamin D levels. Subgroup analysis showed that children 
with insufficient levels of vitamin D had a 5% higher risk 
of dental caries in case–control studies, likely due to the 
smaller sample size in the case group. Additionally, sub-
group analysis based on subject age revealed that the risk 
of dental caries in children with vitamin D deficiency in 
deciduous teeth was 68% higher than those with nor-
mal levels, possibly due to the lower mineralization of 
deciduous teeth and young children’s inability to main-
tain proper oral hygiene. Vitamin D’s immune regulatory 
function and antibacterial effects on cariogenic bacteria 

are more pronounced in this population. The article 
exhibits some heterogeneity, which may be attributed to 
various factors. Firstly, different studies used different 
methods to measure dental caries experience, including 
prevalence, DMFT/DMFS indices, or subsets of these 
indices. This lack of uniformity in measurement may lead 
to inconsistencies in the results. Additionally, the defini-
tion of caries varied among studies, with some including 
only cavitated lesions and others including non-cavi-
tated lesions as well. Furthermore, some studies did not 
specify whether a cut-off point was used when defining 
caries with the DMFT index. And our study has several 
limitations: (1) some of the studies that examined the 
association between vitamin D levels and dental caries 
used a cross-sectional design, which can only suggest a 
correlation and not establish a causative link; (2) there 
were inconsistencies in how dental caries were meas-
ured among the studies, which may make it challenging 
to interpret the results; (3) the number of studies and 
patients included in our analysis was small, highlighting 
the need for larger cohort studies to provide more reli-
able and accurate data.

Conclusions
In our study, we demonstrated that dental caries is neg-
atively associated with 25(OH)D levels in youngsters. 
To improve children’s dental health, it is important to 
ensure sufficient intake of 25 (OH) D during childhood. 
Healthcare professionals should be mindful that prena-
tal nutrition and infantile childhood diet can affect the 
occurrence of dental caries in children.
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