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Abstract 

Introduction: Vitamin D plays a crucial role in many biological processes, such as regulating calcium-phosphate metabo-
lism, enhancing immune response, and stimulating the mineralization of hard tissues. Vitamin D deficiency affects up 
to 30% of children in developed countries, especially during the autumn-winter period. In the context of dentistry, re-
duced vitamin D levels are associated with increased caries activity, including severe early childhood caries. Materials 
and methods: A literature review was conducted using the PubMed database. The analysed studies assessed diverse 
populations in terms of age, geographical location, and socioeconomic status. Results: The optimal level of vitamin D is 
considered to be at least 75 nmol/L. Vitamin D deficiency is associated with various systemic diseases, including dental 
caries. Children with severe early childhood caries have lower levels of vitamin D, which increases their susceptibility to 
caries. Adequate vitamin D levels promote enamel mineralization, increase salivary flow, and salivary calcium content, 
which protect against cariogenic microorganisms. There is also evidence linking maternal vitamin D levels and the risk 
of caries in their children. Conclusions: Vitamin D plays a crucial role in the prevention and treatment of dental caries, 
especially in children. Promoting vitamin D supplementation, according to Polish guidelines, can significantly reduce the 
risk of caries. Research on genetic polymorphisms opens new perspectives for the individualization of caries prevention 
strategies. Monitoring vitamin D levels in expectant mothers can also contribute to reducing the risk of caries in their 
offspring. Further research is needed to better understand the mechanisms of vitamin D impact on oral health and to 
develop detailed recommendations for supplementation.

Streszczenie 

Wstęp: Witamina D odgrywa główną rolę w wielu procesach biologicznych, w tym w regulacji gospodarki wapniowo-
fosforanowej, wzmacnianiu odpowiedzi immunologicznej i stymulacji mineralizacji tkanek twardych. Niedobór witami-
ny D dotyczy nawet 30% dzieci w krajach rozwiniętych i występuje zwłaszcza w okresie jesienno-zimowym. Obniżone 
stężenie witaminy D jest powiązane m.in. ze zwiększoną aktywnością próchnicy, w tym ciężką postacią próchnicy 
wczesnego dzieciństwa. Materiały i metody: Przegląd literatury przeprowadzono z wykorzystaniem bazy danych 
PubMed. Analizowane prace obejmowały badania różnych pod względem wieku, szerokości geograficznej i statusu 
socjoekonomicznego grup. Wyniki: Za optymalne stężenie witaminy D uznaje się co najmniej 75 nmol/l. Jej niedobory 
są powiązane z wieloma schorzeniami ogólnoustrojowymi, w tym z próchnicą zębów. U dzieci z próchnicą wczesnego 
dzieciństwa obserwuje się niższe stężenie witaminy D, co zwiększa ich podatność na próchnicę. Odpowiednie stężenie 
witaminy D wpływa korzystnie na mineralizację szkliwa oraz zwiększa wydzielanie śliny i zawartość wapnia, co chroni 
przed działaniem kariogennych mikroorganizmów. Istnieją również dowody na wpływ stężenia witaminy D u matek 
na ryzyko wystąpienia próchnicy u ich dzieci. Wnioski: Witamina D odgrywa kluczową rolę w prewencji i leczeniu 
próchnicy zębów, zwłaszcza u dzieci. Promowanie suplementacji witaminy D, zgodnie z polskimi wytycznymi, może 
znacząco zmniejszyć ryzyko wystąpienia tej choroby. Badania nad polimorfizmami genowymi otwierają nowe pers-
pektywy dla indywidualizacji profilaktyki próchnicy. Monitorowanie stężenia witaminy D u przyszłych matek może 
również przyczynić się do zmniejszenia ryzyka rozwoju próchnicy u ich potomstwa. Konieczne są dalsze badania, aby 
lepiej zrozumieć mechanizmy wpływu witaminy D na zdrowie jamy ustnej i opracować szczegółowe rekomendacje 
dotyczące suplementacji.

Keywords: dental caries; vitamin D; calcitriol; supplementation; early childhood caries

Słowa kluczowe: próchnica zębów; witamina D; kalcytriol; suplementacja; próchnica wczesnego dzieciństwa

THE EFFECTS OF VITAMIN D LEVELS  
AND SUPPLEMENTATION ON  

ORAL HEALTH – REVIEW
Wpływ stężenia witaminy D i jej suplementacji na stan 

zdrowia jamy ustnej – przegląd literatury



2024 NR 4 VOL. 102

255

Introduction

It is estimated that vitamin D deficiency may affect up to 
30% of children in developed countries (depending on 
the definition), especially during the autumn/winter pe-
riod [1]. 25OHD (25-hydroxycholecalciferol) is the main 
circulating vitamin D metabolite [2], whose serum level is 
the best indicator of vitamin D deficiency [3]. In the kid-
neys, it undergoes hydroxylation to the active form of vi-
tamin D, i.e. 1,25-dihydroxycholecalciferol (calcitriol) [3]. 
Vitamin D receptors are expressed across many tissues, 
which translates into a wide variety of functions of this 
compound [1].

Known properties of vitamin D include enhancing the an-
timicrobial response of the body [4], regulating calcium-
-phosphate metabolism by increasing calcium uptake in 
the small bowel [5], protecting against autoimmune di-
sorders and even malignancies through antiproliferati-
ve properties [6], and stimulating mineralisation of hard 
tissues [5]. It has been shown that calcitriol deficiency 
can lead, among other things, to cardiovascular, respira-
tory and nervous system disorders.

Many studies indicate a link between reduced vitamin D le-
vels in children and increased activity of dental caries [1, 2, 4],  
including severe early childhood caries (SECC) [4], defi-
ned as any sign of smooth-surface caries in a child youn-
ger than three years of age [4]. SECC is estimated to af-
fect up to 621 million children worldwide, ranging from 
11.7% in the UK to 41.1% in Poland, and up to 46.8% in 
the US [4].

The aim of this study was to explore and discuss the pro-
blem and to shed a broader light on the abundant eviden-
ce linking tooth decay with reduced vitamin D levels in 
order to raise awareness among dentists and the public. 

Materials and methods

The data presented were obtained from the PubMed 
database. The cited papers discuss studies conducted in 
different countries on several continents in populations 
that varied in terms of age, latitude inhabited and socio-
economic status.

Results

The impact of vitamin D on the human body

A vitamin D level of ≥75 nmol/L is most often considered 
optimal [2, 5, 7,]. Some authors propose a broader clas-
sification, distinguishing insufficiency (50–74.9  nmol/L), 
deficiency (25–49.9  nmol/L) and severe deficiency 
(<25 nmol/L) in addition to normal levels (>75 nmol/L) [8]. 
Vitamin D deficiency is also classified as low (<50 nmol/L), 

moderate (<25 nmol/L) and severe (<12.5 nmol/L), with 
the latter two groups considered by the authors to be the 
cause of rickets, osteoporosis and osteomalacia [9]. Up to 
one billion people, both children and adults, have vitamin D  
deficiency defined as <25  nmol/L [10]. The terminology 
and classification of vitamin D deficiency is presented in 
table 1 [7].

Vitamin D deficiency and oral health

In addition to systemic conditions, many papers point 
out that vitamin D deficiency is highly related to dental 
caries [1–4]. 

Early childhood caries (ECC), defined as presence of one 
or more decayed (non-cavitated or cavitated lesions), 
missing (due to caries) or filled tooth surfaces in any 
primary tooth in a child 71 months of age or younger, 
has been particularly linked to vitamin D deficiency [11].  
Severe early childhood caries (SECC) is defined as any sign 
of smooth-surface caries in a child younger than three 
years of age [4]. Children with SECC have lower vitamin D  
levels [2, 8, 12] and are twice as likely to have vitamin D 
values <75 nmol/L [2]. Statistically, caries-free children 
are twice as likely to have normal calcidiol levels, where-
as children with SECC are three times more likely to pre-
sent with levels <35 nmol/L. Increased salivary flow and 
high salivary calcium content [2], as well as increased 
mineralisation of enamel and dentin, protection aga-
inst hypoplasia and hypomineralisation leading to redu-
ced teeth susceptibility to cariogenic microorganisms, 
are known mechanisms of action of vitamin D [5, 13].  
Additionally, adequate vitamin D levels have a positive 
impact on salivary cathelicidin LL-37 [14]. Cathelicidin 
LL-37 is an antimicrobial peptide composed of 37 ami-
no acids, produced via proteolytic degradation of the 
extracellular domain of hCAP-18, a protein expressed in 
epithelial cells and neutrophils [14], which shows activi-
ty against S. mutans [4]. Furthermore, calcitriol increases 
the intestinal uptake of calcium (by 40%) and phosphate 
(by up to 80%) [15]. It was also shown that ECC children 
are more likely to develop malnutrition and anaemia [15],  
while SECC children have higher parathyroid hormone 
levels and lower serum calcium levels [12].
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Plasma vitamin D level 
[nmol/L] Grade

<25 Severe deficiency
25–50 Moderate deficiency
50–75 Sufficient level

75–200 Normal level

Table 1. Classification of vitamin D deficiency [7]
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There also appears to be a link between maternal prenatal 
vitamin D levels and the risk of caries in the child [16–19].  
Mineralisation of deciduous and permanent enamel occu-
rs at 4 months gestation and after birth, respectively [16].  
Alaskan researchers, Singleton et al. [17], demonstrated 
a 40% increase in DMFT (number of decayed, missing or 
filled teeth) in 12–35-month-old children whose mothers 
had low vitamin D levels at 36 weeks gestation compared 
to children whose mothers had normal vitamin D levels. 
Beckett et al. [16] found an increased risk of caries in 
6-year-old children whose mothers had vitamin D levels at 
third trimester of <50 nmol/L. Additionally, based on den-
tal reviews of 1210 mother-child pairs, Tanaka et al. [20] 
found a negative correlation between the incidence of 
caries in the child and maternal intake of vitamin D. There 
is also evidence of an association between maternal cal-
cidiol levels in the second trimester and the incidence of 
molar incisor hypomineralisation (MIH) in the child at the 
age of 7–9 years [18]. Lower vitamin D levels were also 
observed in mothers of children with deciduous molar 
hypomineralisation (DMH), diagnosed by digital micro-
scopy  [19]. Furthermore, it was shown that high-dose 
vitamin D supplementation in pregnancy can reduce the 
child’s risk of enamel defects, such as opacity and chip-
ping, by up to 50% [21].

A reference should be also made to studies that do not 
confirm the correlation between calcidiol levels and the 
risk of ECC [21-23], but indicate a relationship between 
salivary and serum levels of vitamin D [22], as well as pa-
pers presenting inconclusive results and suggesting the 
need for further research [24]. There have also been re-
ports that negate the association with maternal vitamin D  
levels, while confirming that there is a twofold decrease 
in DMF in children with normal calcidiol levels compared 
to those with deficiency [25].

The impact of geographical latitude on vitamin D levels  
and the need for supplementation

Inhabitants of regions above the 37th parallel (including 
Poland), where the efficiency of endogenous vitamin D  
synthesis decreases between November and February 
due to lower UVB exposure, are at risk of vitamin D  
deficiency, and therefore the importance of vitamin  D 
supplementation throughout the year is emphasised in 
this group [26]. Kuciński et al. [26] developed guidelines 
for vitamin D supplementation in the Polish population 
at different life stages. They suggested vitamin D sup-
plementation at a dose of 400 IU per day from birth to 
6 months of age, and then at 600 IU per day to 12 mon-
ths of age. The dose is 600 IU per day for children from 

1 to 3 years of age and 600–1000 IU per day from 4 to 
10 years. Sunlight exposure for 30–45 minutes per day 
between 10 a.m. and 3 p.m., between the beginning of 
May and the end of September, is also recommended in 
this age group. Adolescents and adults up to 65 years of 
age should receive a daily dose of 1000 to 2000 IU, with 
sunlight exposure for 15–30 minutes. Individuals up to 
75 years of age are recommended to continue the same 
dose throughout the year without additional exposure 
to sunlight. Due to their reduced ability to synthesi-
se cholecalciferol in the skin, seniors >75 years of age 
should supplement vitamin D at a daily dose of 2000-
4000  IU throughout the year. It is suggested that cho-
lecalciferol be first choice, with calcifediol  used as the 
second choice [26] (tab. 2).

As pointed out by Sobiech et al. [2], vitamin D supplemen-
tation during the autumn-winter period in Poland is asso-
ciated with a twofold reduction in the risk of caries exa-
cerbation in children ≥12 years of age. Hujoel et al. [27] 
have shown that supplementation reduced the risk of ca-
ries in children by 47%, but that this effect was no longer 
evident after the age of 13 years, especially in girls, which 
the authors explain by an increase in body fat. In their 
study in a population of 10-year-olds in Germany, Kühni-
sch et al. [28] showed a twofold decrease in the incidence 
of dental caries in children supplemented with vitamin D  
in their first year of life. However, these preparations 
were less effective than fluoride-containing supplements 
(OR = 2.08 for vitamin D and 2.47 for fluoride).

Obviously, dental caries is not the only problem against 
which vitamin D offers potential protection [10, 13]. Da-
ily supplementation continued for 3 years can reduce 
the risk of tooth loss due to periodontitis by 60% [29].  
As shown by Zhan et al. [23] in their study conducted 
among 1904 Germans over a 5-year period, a 10 µg/L in-
crease in calcidiol reduced the risk of tooth loss by 13%. 
However, this issue remains open as not all studies have 
confirmed such a relationship [30].

Vitamin D and genetic predispositions

The influence of genetic factors on the action of vitamin D 
in the body is an interesting aspect. Gene polymorphisms 
are defined as variants of a given gene occurring in the po-
pulation with a frequency greater than 1%, which distin-
guishes them from genetic mutations [31]. Rapid advan-
ces in knowledge and technology have allowed scientists 
to identify a clear link between active caries and the T 
allele of rs2228570 (FokI) polymorphism related to one 
of the nucleotides that make up the vitamin D receptor 

Population Recommended vitamin D supplementation (IU/day)
Newborns and infants up to 6 months of age 400
Infants 6–12 months of age 400–600
Children 4–10 years of age 600–1000
Adolescents 1000–2000
Adults 19–65 years of age and younger seniors 66–75 years of age 1000–2000
Seniors >75 years of age 2000–4000

Table 2. Vitamin D supplementation guidelines by Kuciński et al. [26]
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gene. In contrast, subjects with the C allele were more li-
kely to be caries-free [31, 32]. However, this issue is not 
clear as Cogulu et al. [33] obtained a statistically signifi-
cant correlation only for the TaqI polymorphism, while 
they found no significant difference in the prevalence 
of ApaI, FokI and Cdx2 polymorphisms between caries- 
and caries-free population. Izakovicova Holla et al. [34],  
on the other hand, showed no link between caries and 
TaqI polymorphisms, but observed a significant correla-
tion between TaqI and gingivitis.

Discussion

The research presented here indicates an indisputable 
role of vitamin D in the prevention and treatment of den-
tal caries, including SECC. Findings on the relationship 
between vitamin  D deficiency and increased dental ca-
ries highlight the importance of vitamin D levels for oral 
health. The cited research indicates that SECC children 
have lower vitamin D levels compared to their caries-free 
peers, suggesting that adequate vitamin D levels may 
protect against the development of this disorder [1, 2, 4].

It is also worth mentioning about the mechanisms by 
which vitamin D exerts its beneficial effects on oral he-
alth. These include increasing salivary flow and salivary 
calcium content, which promotes enamel and dentin mi-
neralisation. Additionally, by improving gastrointestinal 
uptake of calcium and phosphate, calcitriol reinforces 
tooth structure and contributes to better protection aga-
inst cariogenic bacteria [2, 8, 13–15].

Also of interest is the evidence for the association be-
tween maternal prenatal vitamin D levels and the risk of 
caries in the child. Research highlights the importance of 
adequate vitamin D levels from the earliest stages of life, 
pointing to the possibility of preventing dental disease 
through dietary interventions and supplementation in 
pregnancy [16–19].

Despite this considerable evidence, there are also stu-
dies that do not support the direct relationship between 
vitamin D levels and the risk of ECC [21, 22, 32]. This in-
dicates the complexity of dental caries and the need for 
further research to better understand the role of vitamin 
D in the prevention of this disease.

When discussing supplementation guidelines, it is impor-
tant to emphasise that adequate vitamin D intake is im-
portant not only for caries prevention, but also for overall 
health. Recommendations for supplementation, especial-
ly in regions with limited sunlight, are crucial to improve 
vitamin D status in the population, which may help redu-
ce the incidence of caries, especially among children [26].

Research on gene polymorphisms affecting calcitriol ac-
tivity in the body is also important. These findings open 
up new perspectives for the individualisation of preventi-
ve and therapeutic approaches to dental caries, based on 
the genetic predisposition of patients [31, 32].

The analysis of the cited studies indicates that further re-
search is needed to better understand the impact of vita-
min D on oral health, so that specific recommendations for 

its supplementation can be made. Although maintaining 
optimal vitamin D levels can significantly contribute to 
oral health and caries prevention, individual needs and ge-
netic differences in the population need to be considered.

Conclusions

In conclusion, vitamin D plays an important role in the 
prevention of caries, including severe early childhood 
caries. The association between low vitamin D levels and 
increased caries activity indicates the need to promote 
vitamin D supplementation as an effective form of pro-
phylaxis. Polish guidelines on vitamin D supplementation 
emphasise its important role at different stages of life, 
which may be crucial in reducing the risk of caries.

Additionally, research on gene polymorphisms indicates 
that an individualised approach to caries prevention ta-
king into account the genetic determinants of the body’s 
response to vitamin D may be possible. It is likely that 
such an approach will increase the efficacy of caries pre-
vention, particularly in individuals with specific genetic 
factors.

Attention has also been drawn to the importance of mo-
nitoring vitamin D levels in expectant mothers, which can 
reduce the risk of their offspring developing caries, poin-
ting to the importance of maintaining adequate levels of 
this vitamin already from the prenatal period.
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