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Abstract
Background: A recent study in Canada reported that vitamin D deficiency is associated with dental caries. Because
Koreans have been reported to be deficient in vitamin D, we investigated the relationship between dental caries
and reduced serum vitamin D levels in Korean children. The purpose of this study was to analyze the relationships
between blood vitamin D [25(OH)D] concentrations and dental caries in the permanent dentition of Korean
children.
Methods: Data were collected from the Korea National Health and Nutrition Examination Survey performed in
2008–2013. A total of 1688 children (10–12 years of age) were enrolled. Vitamin D intake was measured through
analysis of 25-hydroxy vitamin D [25(OH)D] levels. Caries experience in permanent dentition was assessed using the
decay-missing-filled teeth (DMFT) index and decayed-missing-filled (DMF) rate. Statistical analyses included complex
samples Chi-square tests, complex samples logistic regression analyses, and Pearson’s correlations.
Results: The group with 25(OH) D levels lower than 50 nmol/L had a higher proportion of children with caries in
the permanent dentition and permanent first molar than the group with 25(OH)D levels of 50 nmol/L or more.
When external factors, such as sex, were controlled, 25(OH)D levels were not significantly correlated with caries, but
were significantly correlated with first molar caries. Children with 25(OH)D levels lower than 50 nmol/L were 1.295
times more likely to have first molar caries than those with 25(OH)D levels of 50 nmol/L or more. Additionally,
25(OH)D levels and DMFT were negatively correlated; however, the degree of correlation was not strong.
Conclusions: The association between 25(OH)D and dental caries is still not clear. However, our findings suggested
that vitamin D insufficiency may be a risk factor for dental caries.
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Background
Vitamin D plays an important role in maintaining musculoskeletal and dental health through regulation of the
absorption of calcium and phosphorus in the small intestine [1, 2]. Hence, excessive or deficient vitamin D influences oral health. Excessive vitamin D induces
overgrowth of cement, causes excessive cellular proliferation with cells invading the marrow space of the jaw
bone, thickens the inner part of dentin, and results in
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pulp stones [3, 4]. In contrast, vitamin D deficiency
causes unclear lamina dura in primary and permanent
teeth, incomplete calcification of dentin, delay of tooth
eruption, and spontaneous periapical abscesses without
causative factors, such as dental caries, abrasion, tooth
fracture, and tooth trauma [5–7]. Furthermore, vitamin
D deficiency may also result in pulp horn extension to the
dento-enamel junction, widening of the pulp chamber,
taurodontism, and dentin dysplasia [5–7]. In addition, because vitamin D is involved in tooth development, vitamin
D deficiency leaves teeth vulnerable to dental caries due to
tooth enamel defects [8].
Research on vitamin D supplementation and dental
caries began with a study by Mellanby et al. [9], who
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reported that intake of vitamin D- and vitamin Afortified cereals in children considerably reduced dental
caries and hypoplasia. Furthermore, numerous studies
over the past couple of decades have provided evidence
for the associations among vitamin D supplementation,
tooth development, and caries. Recently, Schroth and
colleagues evaluated associations with actual circulating
levels of 25(OH)D. Measuring 25(OH)D levels is the
gold standard for determining vitamin D status [10].
Most studies on vitamin D and dental caries [10–15]
have been conducted in children. Schroth et al. [16] reported the association between vitamin D deficiency and
dental caries in a national representative sample of Canadian children. In a study in children ages 3–5 years,
Pacey et al. [17] reported that the proportion of children
with dental caries was considerably lower in those who
consumed nutritional supplements containing vitamin D
and calcium than in those who did not. Furthermore,
Schroth et al. [10] suggested that children of mothers
who had markedly low vitamin D levels during pregnancy had higher incidences of enamel hypoplasia and
dental caries than those of mothers who had normal
vitamin D levels. Similarly, Tanaka et al. [18] reported
that sufficient vitamin D intake during pregnancy was
associated with a reduced risk of dental caries in children, based on parental self-reports of caries experience
in their children”. Despite multiple studies on vitamin D
and dental caries, however, the exact mechanism
through which vitamin D influences dental caries has
not yet been clarified [13].
A previous study in Korean individuals showed that
Koreans are prone to serious health risks due to insufficient 25(OH)D levels and that younger generations in
particular exhibit a lack of vitamin D [19]. Therefore, in
this study, we aimed to identify the association between
25(OH)D levels and dental caries in Korean children.

Methods
We analyzed the raw data provided by the Korea National Health and Nutrition Examination Survey
(KNHANES), conducted from 2008 to 2013. The participants of KNHANES comprise noninstitutionalized Korean citizens residing in Korea. The sampling plan
followed a multistage clustered probability design [20].
This nationally representative cross-sectional survey included approximately 10,000 individuals each year as a
survey sample and collected information on socioeconomic status, health-related behaviors, quality of life,
healthcare utilization, anthropometric measures, biochemical and clinical profiles for noncommunicable diseases, and dietary intake with three component surveys:
health interview, health examination, and nutrition survey [20]. The subjects comprised 1688 children aged
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10–12 years who participated in blood tests and oral
examinations.
To measure 25(OH)D, KNHANES used 25hydroxyvitamin D assays, which are commonly used for
measuring 25(OH)D [21–24]. In this study, the
25(OH)D levels of children (aged 10–12 years) ranged
from 12.90 to 122.80 nmol/L, with a mean level of
47.38 nmol/L. The 25(OH)D status was determined
based on classifications established in previous studies
[25–27]; the four-category classification divided serum
25(OH)D levels into four groups as follows: less than
25 nmol/L (severe deficiency), between 25 and 50 nmol/
L (deficiency), between 50 and 75 nmol/L (insufficiency),
and greater than 75 nmol/L (sufficiency), whereas the
two-category classification divided serum 25(OH)D
levels into two groups as follows: less than 50 nmol/L
and 50 nmol/L or more.
In this study, caries was analyzed in two ways: 1) by
subdividing into patients who experienced caries in the
permanent dentition and those who did not and 2) by
subdividing into patients who experienced caries in their
first permanent molars and those who did not. We analyzed first molars, which are the first permanent teeth to
erupt, because the patients in this study were children in
the mixed dentition stage. In this study, dental caries experience referred to an experience of caries on at least
one tooth. The first criterion was the presence or absence of dental caries involving the permanent dentition.
The second criterion was the total count of the number
of decayed, missing, or filled teeth in both the primary
and permanent dentition (dmft/DMFT score) [16]. External variables were sex, age, household income, and
frequency of tooth brushing.
The association between 25(OH)D levels and dental
caries was analyzed using complex samples Chi-square
tests. Furthermore, we performed complex samples logistic regression analysis to analyze the association between 25(OH)D levels and dental caries after controlling
for external variables. The dose-response relationship
between 25(OH)D levels and dental caries experience
(number of dental caries and number of first molar caries) was examined through Pearson’s correlations. The
level of significance (α) was 0.05, and statistical analyses
were conducted using SPSS 22.0 (IBM SPSS Statistics,
NY, USA). The Wonkwang Institutional Review Board
(WKIRB-201605-SB-027) approved this study. The study
followed the guidelines of the World Medical Association Declaration of Helsinki (version 2008).

Results
Table 1 shows the characteristics of the patients. There
were more boys than girls, and the most frequent age
was 12 years (11.01 ± 0.24 years, mean ± standard deviation). A majority of the patients had 25(OH)D levels
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Table 1 Characteristics of the subjects
a

Variables

Classification

N

Sex

Female

788

46.6

Male

900

53.4

Age (years)

Household income

Frequency of tooth brushing
(per day)

c

Vitamin D (two classification)

Vitamin Dc (four classification)

Caries experience in permanent
dentition

Permanent first molar caries
experience

%

b

Total

1688

100.0

10

531

31.1

11

583

33.4

12

574

35.4

Total

1688

100.0

Low

375

24.9

Middle

882

53.1

High

414

22.0

Total

1671

100.0

≤1

211

12.8

2

969

58.1

3

426

25.3

≥4

73

3.8

Total

1679

100.0

< 50 nmol

1038

61.7

≥ 50 nmol

650

38.3

Total

1688

100.0

< 25 nmol

66

4.4

≤ 25 to < 50 nmol

972

57.3

≤ 50 to < 75 nmol

588

35.0

≥ 75 nmol

62

3.3

Total

1688

100.0

No

827

48.3

Yes

861

51.7

Total

1688

100.0

No

867

50.8

Yes

821

49.2

Total

1688

100.0

The data were analyzed using a complex weighted sample design
a
Values are expressed as the unweighted N
b
Values are expressed as the weight %
c
Values are expressed as 25(OH)D levels

lower than 50 nmol/L (61.7%), and 51.7% of patients had
caries experience, whereas 49.2% of the patients had first
molar caries experience.
Table 2 shows the results of bivariate analysis of the
association between 25(OH)D levels and dental caries
experience. The group of children with 25(OH)D levels
lower than 50 nmol/L had a higher proportion of dental
caries experience than the group of children with
25(OH)D levels of 50 nmol/L or more. In accordance
with the four-category classification, groups of children
with higher 25(OH)D levels had lower proportions of
children with caries experience and first molar caries
experience.

Table 3 shows the results of a multivariate analysis of
the association between 25(OH)D levels and dental caries experience. There was no association between
25(OH)D levels and caries experience; however, there
was a significant association between 25(OH)D levels
and first molar caries experience. When controlling for
sex, household income, age, and frequency of tooth
brushing, children with 25(OH)D levels lower than
50 nmol/L were 1.295 times more likely to have first
molar caries experience than children with 25(OH)D
levels of 50 nmol/L or more.
Table 4 shows the results of the dose-response relationships between 25(OH)D levels and dental caries experience. The correlations between 25(OH)D levels
(original level and four-category classification) and dental caries experience (number of caries and number of
first molar caries) were analyzed. The results indicated
that all 25(OH)D levels were negatively correlated with
dental caries experience; lower 25(OH)D levels were correlated with higher numbers of teeth having caries.
However, the degree of correlation was weak.

Discussion
In this study, we analyzed the relationships between
blood 25(OH)D concentrations and dental caries in the
permanent dentition of Korean children. Our result
showed that children with lower than 50 nmol/L
25(OH)D had higher DMF rates than children with a
25(OH)D level of 50 nmol/L or more. Moreover,
25(OH)D levels in the blood were not significantly correlated with caries when external variables, such as sex,
were controlled. Thus, our findings provided important
insights into the relationships between 25(OH)D levels
and caries.
Schroth et al. [16] conducted a study with children
ages 6–11 years using data from nationally representative samples of Canadian children. In their study, the
proportion of children with dental caries experience
among children with 25(OH)D levels lower than
75 nmol/L was 56.4%, while that among children with
25(OH)D levels of 75 nmol/L or more was 43.6%; thus,
children with 25(OH)D levels lower than 75 nmol/L had
a 1.29-fold higher prevalence of dental caries than did
children with 25(OH)D levels of 75 nmol/L or more.
Moreover, they also showed that approximately 68.5% of
children with 25(OH)D levels lower than 50 nmol/L had
dental caries experience, whereas 54.8% of children with
25(OH)D levels of 50 nmol/L or more had dental caries
experience, indicating a 1.25-fold greater proportion of
children with dental caries experience among children
with lower 25(OH)D levels. Our findings were consistent
with their findings. Additionally, Schroth et al. [15] analyzed the prevalence of severe early childhood caries (SECC) in accordance with 25(OH)D levels in young
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Table 2 Caries experience according to 25(OH)D levels
Variables
Vitamin D (two classification)

Vitamin D (four classification)

Classification

Caries experience in the permanent dentition
P*

No

Yes

< 50 nmol

476 (45.3)

562 (54.7)

≥ 50 nmol

351 (53.0)

299 (47.0)

ORa

0.735

< 25 nmol

27 (40.3)

39 (59.7)

≤ 25 to < 50 nmol

449 (45.7)

523 (54.3)

0.012

Permanent first molar caries experience
No

Yes

501 (47.6)

537 (52.4)

366 (55.8)

284 (44.2)

P*
0.006

0.721
0.048

29 (44.6)

37 (55.4)

472 (47.9)

500 (52.1)

≤ 50 to < 75 nmol

318 (52.4)

270 (47.6)

330 (55.0)

258 (45.0)

≥ 75 nmol

33 (59.6)

29 (40.4)

36 (64.4)

26 (35.6)

0.018

Units: N (%)
The data were analyzed using a complex weighted sample design
*
P values were determined from complex samples Chi-square tests
a
Values are expressed as the adjusted odds ratios

children and found that 44.8% of young children with
25(OH)D levels of 75 nmol/L or more had S-ECC,
whereas 75.0% of those with 25(OH)D levels lower than
35 nmol/L had S-ECC, indicating a 1.7-fold higher
prevalence among young children with insufficient vitamin D.
Our multivariate analysis of the association between
25(OH)D levels and dental caries experience showed
that children with 25(OH)D levels lower than 50 nmol/L
were 1.295 times more likely to have first molar caries
experience than those with 25(OH)D levels of 50 nmol/
L or more. Similarly, Bener et al. [13] conducted a multivariate Poisson regression analysis to predict caries experience in children ages 7–16 years and found that
children with 25(OH)D deficiency (defined using reference points similar to those used in our study) were 1.13
times more likely to have dental caries than those with
sufficient 25(OH)D levels. In a 10-year follow-up study,
Kühnisch et al. [14] conducted logistic regression analysis and Poisson regression analysis on 1048 children
residing in Munich, Germany and found that children

with low levels of blood 25(OH)D had many restorations
related to caries. Furthermore, Schroth et al. [15] reported that young children with 25(OH)D deficiency
were 5.33 times more likely to experience S-ECC compared with those having sufficient levels of vitamin D,
consistent with the findings of the present study.
Our correlation analysis of 25(OH)D levels and number of teeth with dental caries indicated that 25(OH)D
levels and dental caries experience were negatively correlated; however, the degree of correlation was not
strong. Bener et al. [13] reported that children ages 7–
16 years with 25(OH)D deficiency had higher decayed
teeth, missing teeth, filled teeth, and DMFT than those
with sufficient levels of 25(OH)D. Furthermore, they also
reported that individuals with a family history of
25(OH)D deficiency had higher decayed teeth, missing
teeth, filled teeth, and DMFT than those without a family history of 25(OH)D deficiency. Schroth et al. [10, 16]
described the correlation between 25(OH)D levels and
caries scores. In both of these studies, significant inverse
relationships were reported.

Table 3 Relationship between caries experience and general characteristics
Variable

Caries experience

Sex

House income

Vitamin D (two classification)

First molar caries experience

OR (95% CI)

P value

OR (95% CI)

P value*

Male

0.819 (0.644–1.042)

0.104

0.841 (0.666–1.063)

0.148

Female

1.000 (reference)

High

1.205 (0.879–1.653)

Middle

1.000 (reference)

Low

1.314 (0.962–1.795)

0.086

1.250 (0.928–1.685)

0.142

< 50 nmol

1.246 (0.975–1.592)

0.079

1.295 (1.020–1.644)

0.034

a

≥ 50 nmol

*

1.000 (reference)
0.247

1.172 (0.855–1.608)

0.323

1.000 (reference)

1.000 (reference)

1.000 (reference)

Age

1.364 (1.184–1.572)

< 0.001

1.241 (1.084–1.420)

0.002

Frequency of tooth brushing

1.057 (0.886–1.262)

0.537

1.020 (0.855–1.218)

0.824

The data were analyzed using a complex weighted sample design
*
P values were determined from complex samples logistic regression
a
Values are expressed as the adjusted odds ratios
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Table 4 Correlation of DMFT and 25(OH)D
DMFT

First molar DMFT

Vitamin D

−.064

−.053

Vitamin D (four classification)

−.065**

−.054*

**

*

Pearson correlation coefficient
*
P < 0.05 (two-tailed)
**
P < 0.01 (two-tailed)

This study was a cross-sectional study; therefore, we
could not draw conclusions regarding the causative relationships between 25(OH)D and dental caries. In the future, longitudinal studies should be conducted. Notably,
although bacteria, diet, and saliva are important factors
in the development of caries, these factors were not investigated in the present study. The interaction of vitamin D with minerals, such as calcium, should also be
explored in future studies. However, because the data
from this study are based on the national statistical data,
we suggest that vitamin D should not be excluded from
the list of risk factors for dental caries.

Conclusions
In conclusion, it was difficult to confirm the association
between 25(OH)D levels and dental caries experience.
However, our findings suggest that 25(OH)D insufficiency may be associated with dental caries.
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