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Objective: Several studies have reported that low levels of vitamin D (25(OH)D) are associated with an
increased risk of dental caries and that optimal levels may offer protection. This study aimed to assess the
relationship between serum and saliva 25(OH)D levels and caries among young children. Study design:
A total of 120 healthy children were recruited; 93 with caries and 27 caries-free. Dental caries status was
evaluated using decayed, missing and filled in primary teeth (dmft) index. Blood and unstimulated whole
saliva samples were collected. Laboratory analysis was performed using Enzyme-Linked Immunosorbent
Assay Kit. Data were analyzed with descriptive statistics, bivariate and Spearman’s rank correlation
analysis. Results: There were no significant associations between serum and saliva 25(OH)D levels and
caries status (P > 0.05). Levels of 25(OH)D in serum were significantly higher than levels found in saliva (P
< 0.05), and a correlation between serum and saliva 25(OH)D levels was observed (P < 0.05). Conclusions:
The association between serum and saliva 25(OH)D and dental caries in young children was inconclusive.
However, a positive and significant correlation was observed between serum and saliva 25(0OH)D levels.
Further studies are warranted to investigate the definite relation between 25(0OH)D levels and dental caries
and using saliva 25(OH)D as a non-invasive alternative method over blood samples.
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INTRODUCTION
ental caries in children is one of the most prevalent chronic
diseases that has an adverse impact on child’s general
health and is still considered a serious public health issue
in many parts of the world'. Most of the dental caries that exists in
the preschool children remains untreated'. Untreated decay should
be taken seriously as it has the possible consequences of impacting a
child’s overall health, well-being and quality of life of both children
and their families®*.
Although young children may not complain of pain, they exhibit
the negative effects of caries in many ways, including changes in
their eating patterns'. Studies have shown that children with severe
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early childhood caries (S-ECC) may suffer from malnutrition such
as anemia*® or may show deficiencies in essential nutrients and
vitamins such as vitamin D, which has an undesirable impact on the
child’s growth®’.

Vitamin D, commonly referred to as the sunshine vitamin, plays
an important biological role in the human body, helping maintain
normal growth and mineralization of bone and other calcified
tissues, including teeth.® Recently, several studies have indicated a
higher prevalence of vitamin D deficiency or inadequacy in children
worldwide.” Furthermore, a significant association between vitamin
D deficiency and insufficiency in children and dental caries has
been reported.”114
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The US Institute of Medicine (IOM) defines 25(OH)D <12 ng/
mL (<30 nmol/L) as deficient; 12-20 ng/mL (30-50 nmol/L) as
inadequate; and >20 ng/mL (>50 nmol/L) as adequate >'> The gold
standard for measuring vitamin D concentrations is by assessing
serum levels of 25(OH)D.*° However, the collection of blood
from children can be challenging considering their behavior along
with the fact that the venipuncture may result in minor discomfort,
bruising, and infection '°. It is also less favored in research involving
children as parents are more likely to decline to have their children
participate if venipunctures are involved. Currently, saliva has been
widely used as an indicator of oral health and unstimulated whole
saliva can be collected from children in a less invasive method .

Saliva is an oral fluid that serves several purposes (e.g. buffers,
lubricates, antimicrobial, remineralizers). It refers to the oral fluid
that surrounds all oral hard and soft tissues. It plays a crucial role
in dental caries process '%. It is composed mostly of water (99%)
and (1%) of inorganic elements for instance calcium, phosphate,
sodium, potassium, and some trace elements and organic substances
such as protein, lipid, free amino acids, urea, and vitamins '8.

Studies on the association between vitamin D in serum and
saliva of children are scarce. Only a handful of studies have reported
on the association between vitamin D levels in serum and saliva
among healthy participants 2!, To the best of our knowledge, no
studies have been conducted assessing and comparing the serum and
saliva 25(OH)D levels in young children with and without dental
caries. Therefore, the present study aimed to determine and compare
the serum and saliva 25(OH)D levels between children with ECC
and those caries-free as well as to assess the possible relationship
between serum and saliva 25(OH)D levels and dental caries.

MATERIALS AND METHOD

Ethical approval and sample size calculation

This study was approved by Human Ethics Committee of
Universiti Teknologi MARA (UiTM), Malaysia [600-RMI (5/1/6)]
and Medical Research and Ethics Committee [(MREC)NMRR-
15-1857-25950 (IIR)]. Additionally, written informed consent was
obtained from parents.

G*Power software was used to determine the power of the
study (http://www.gpower.hhu.de/) and evaluating any statistically
significant difference in the means of the variables that intended
to be studied between children with and without caries experience.
With 27 caries-free and 93 children with caries (N=120 children
participated), a = 0.05, an effect size of 0.6 and two-tailed testing,
78% power was obtained to determine any statistically significant
difference *.

Study design and sampling

A total of 120 healthy Malaysian children under 72 months of
age were recruited in this case-control, cross sectional study. They
were divided into two groups: children with ECC who were going to
have comprehensive dental care under general anesthesia at public
and teaching hospitals and children with no dental caries experience
attending paediatric dental teaching clinic for dental examinations
and maintenance. All children were medically fit and healthy. Data
was collected between November 2016 to August 2019.
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Inclusion and exclusion criteria

Healthy children < 72 months of age were included. Cases were
children with ECC (dmft >1), whereas controls were caries-free
children with no evidence of dental caries experience clinically
(dmft = 0). Children with any systemic disease, disabilities or not
able to cooperate and follow instructions were excluded. Children
whose parents did not consent were also excluded.

Dental examination

Before starting this study, inter-and intra-examiner reliability
was assessed between the postgraduate student (MM) and the
supervisor (AH) for dmft scores in a sample of 20 children and
the agreement was 90% and 95% respectively. Clinical examina-
tions were performed by (MM) after recording child’s information
and answering the questionnaire by the parents. The dental caries
assessment was carried out using a dental mirror according to World
Health Organization (WHO) criteria »* and the caries experience was
recorded using the decayed, missing and filled teeth index (dmft).
The children were categorized into caries (ECC: 93 children) and
caries-free (CF: 27 children) groups accordingly.

Collection of saliva and serum samples

Unstimulated whole saliva sample (2-5 ml) was collected once
using the expectorating method in a sterile disposable container.
The samples were obtained between 8.00 and 11.00 am to avoid
the diurnal effect on salivary content. Meanwhile, fasting blood
sample (3 ml) was obtained between 8.30 am and 12.00 pm. It was
drawn into a 4 ml vacutainer tube with no additives (BD, Franklin
Lake, NJ, USA). Saliva and blood samples were transported in a
cooler box within 1-4 hours after collection to the research labora-
tory for processing. Serum samples were centrifuged at 1500 rpm
for 5 minutes at room temperature 2* whereas saliva samples were
centrifuged at 3000 rpm for 10 minutes at 4 °C, then the superna-
tant was collected. The obtained serum and the supernatant saliva
were transferred into sterile cryovials and stored immediately
at—-80°C until further analysis. %

Measurement the levels of serum and saliva 25(OH)
D

Serum and saliva samples analyzed using commercial 25(OH)
D Enzyme-Linked Immunosorbent Assay (ELISA) Kit (Enzo Life
Sciences, Switzerland) 2. The cut-off was based on the US Institute
of Medicine (IOM) which defines 25(OH)D levels < 12 ng/mL (i.e.
< 30 nmol/L) are considered deficient, 25(OH)D levels between
12-20 ng/mL (30-50 nmol/L) are deemed inadequate, and are
adequate when serum 25(OH)D levels > 20 ng/mL (> 50 nmol/L).

Statistical analysis

Data were entered and analyzed using Statistical Package for
Social Science (SPSS) version 23.0. SPSS (SPSS Inc, IBM, New
York, USA). Descriptive statistics including frequencies, median
and interquartile range (IQR) were calculated. Nonparametric tests
were used because of unmet assumption of normal distribution
based on the results of histogram and Kolmogorov-Smirnov test
(P <0.05). Mann—Whitney U test and Kruskal-Wallis test were used
to compare continuous variables between the groups, Chi-Square
test was used for categorical variables whereas Spearman rank
correlation coefficient test was used to determine the correlation
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between 25(OH)D and dmft score as well as between serum and
saliva 25(OH)D levels. A scatter plot was used to visualize the
correlations. The statistical significance was defined as P < 0.05.

RESULTS

Of the 120 children, 120 blood samples were taken and available
for serum 25(OH)D analysis. However, nine children were unable
to provide a saliva sample and four samples were discarded because
of inadequate saliva volume. Hence, only 107 saliva samples were
available for saliva 25(OH)D analysis.

Children’s characteristics

Table (1) reports the socio-demographic characteristics of the
children. There were 27 CF children and 93 children with ECC.
Sixty participants were females (50%) and most of the children were
Malay (88%). The overall mean age for the children was 55.1 £ 11.0
months, ranging from 31 to 71 months. (Table 1).

Table 1: Caries experience by children’s socio-demographic
characteristics

Caries status

Variables n (%) P-value
CF ECC

n (%) n (%)
Sex
Males 60 (50.0)  14(23.3) 46 (76.3)
Females 60 (50.0)  13(21.7)  47(78.3) 83
Total 120 (100.0) 27 (22.5) 93 (77.5)
Age (months)
<60 108 (89.2) 26 (24.3)  81(75.7)
260 3(2.5) 1(33.3)  2(66.7) 19
Total 120 (100.0) 27 (22.5) 93 (77.5)
Mean+SD  551+11.0 534+11.2 556+11.0 .37
Race
Malay 106 (88.3) 26 (24.5) 80 (75.5)
Chinese 2(1.7) 0(0.0)  2(100.0) 39
Indian 12 (10.0) 1(8.3) 11(91.7)
Total 120 (100.0) 27 (22.5) 93 (77.5)

P values were determined using Chi-square tests; significant at P <.05;
CF=caries-free, ECC=early childhood caries

Comparison of 25(OH)D levels in children by their
demographics

Table (2) reports the median values of 25(OH)D levels in serum
and saliva of the children by their demographic characteristics.
Overall, there were no significant differences in 25(OH)D levels
with regards sex, age and race groups in both serum and saliva (P
>0.05).
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Table 2: The level of 25(OH)D by children’s socio-demographic
characteristics

25(0H)D nmoliL

Variables n= Serum n= Saliva
120 pyedian 1QR) 197 Median (1GR)
Sex
Males 60 41.69(44.26) 51  27.98(51.82)
Females 60 44.39(44.32) 56  27.41(27.29)
Z statistic® (P-value) -0.39 (0.70) -0.57 (0.58)
Age (month)
<60 71 37.12(44.20) 59  27.41(48.50)
260 49 47.69 (41.47) 48  29.02(30.62)
Z statistic® (P-value) -0.79 (0.43) -0.81(0.42)
Race
Malay 106 41.59 (43.31) 95 27.41(41.61)
Chinese 2 63.72 (N/A) 2 56.16 (N/A)
Indian 12 51.84(29.31) 10 24.71(40.32)
X statistic® (P-value) 3.61(0.17) 0.81 (0.67)

aMann-Whitney test, °Kruskal-Wallis test, significant at P <0.05

Comparison of 25(OH)D levels in children by caries
experience

While the median serum 25(OH)D level appeared to be higher
among CF children when compared to ECC group, this difference
was not statistically significant (P =.33). Similarly, no significant
difference in salivary 25(OH)D levels were observed between CF
and ECC children (P =.74) as shown in Figure 1.

Figure 1: Median values of serum and saliva 25(OH)D in ECC
and CF children
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Table (3) shows the distribution of cases according to the chil-
dren’s caries status and their 25(OH)D levels in both serum and
saliva. While more children with ECC were found to have insuffi-
cient and deficient levels of serum 25(OH)D compared to CF chil-
dren, no significant differences were observed for both serum and
saliva 25(OH)D levels in cases and controls (P >.05).
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Table 3: The status of 25(OH)D by children’s caries experience.

Serum Saliva
25(0OH)D
thresholds 5 o= g - o= g
w X X = X X =
ST BT § o©T BT %
o o
Sufficient (>50 12 42 95 6 25 45
nmol/L) (22.2) (77.8) - (19.4) (80.6)
Insufficient 6 18 74 6 12 32
(30-50 nmol/L) (25.0) (75.0) - (33.3) (66.7)
Deficient (<30 9 33 84 14 44 97
nmol/L) (21.4) (78.6) (24.1)  (75.9)
Total 27 93 27 93

P values were determined using Chi-square tests, significant at P < 0.05;
CF=caries-free, ECC=early childhood caries

The Figure (2) illustrates the levels of serum and saliva 25(OH)
D of children with ECC and those CF. Undoubtedly, there is fluctu-
ation in its levels in serum and saliva for both CF and ECC groups.
There were wide variations between lowest and highest levels
in serum and saliva in each group. Generally, the level of saliva
25(0OH)D was lower than its in serum, although some children had
higher levels in their saliva compared to serum. Since the IOM’s
threshold of 50 nmol/L of 25(OH)D in serum is the necessary level
for good health in all individuals, this cut-off value was set for this
figure. It illustrates that less than half number of the children had
adequate 25(OH)D level in their serum whereas less than one third
of the children who their level above 50 nmol/L in saliva.

Figure 2: Serum and saliva 25(OH)D levels in ECC and CF
children
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Comparison of 25(OH)D levels in serum and saliva

Overall, the median values (IQR) of serum and saliva 25(OH)
D levels of the children regardless of their caries experience were
[44.90 nmol/L (43.66); 27.41 nmol/L (37.39) respectively]. It was
clearly that the level of 25(OH)D in serum was higher than in saliva
with significant differences between them (Z statistic = -4.99; P <
0.001).

The distribution of cases for serum and saliva 25(OH)D status
among the young children is shown in Table (4). Less than half of
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children had sufficient serum levels of 25(OH)D and less than one
third in the saliva [54 (45.0%); 31 (29.0%), respectively]. Whereas
42 (35%) and 58 (54.2%) of them had deficient 25(OH)D levels in
their serum and saliva respectively. Sensitivity and specificity tests
were performed. The sensitivity test is the capability to correctly
determine those cases with the disease (true positive) while
the specificity test is the capability to correctly determine those with
no disease (true negative). The results of the sensitivity and speci-
ficity of saliva were 81.8% and 47.1%, respectively.

Correlation of serum and saliva 25(OH)D levels and
dmft score

A good positive correlation between serum and saliva 25(OH)
D levels was observed using Spearman’s rtho correlation coefficient
test [p (tho) = 0.61; P < 0.001)]. A linear regression analysis was
used to predict serum 25(OH)D based on saliva 25(OH)D. The
equation was: Serum 25(OH)D = 9.06+0.81 [Saliva 25(OH)D]
(Figure 3). On the other hand, there was no significant correlation
between serum and saliva 25(OH)D concentrations and dmft score
[p (tho) = 0.02, 0.06; P = .09, .52 respectively].

Figure 3: The correlation between serum and saliva 25(OH)D
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Table 4: The Distribution of cases of serum and saliva 25(0OH)

D status
Total 25(0OH)D thresholds 25(0OH)D

Serum Saliva
n (%) n (%)

Sufficient (>50 nmol/L) 54 (45.0) 31 (29.0)

Insufficient (30-50 nmol/L) 24 (20.0) 18 (16.8)

Deficient (<30 nmol/L) 42 (35.0) 58 (54.2)

Total 120 107
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DISCUSSION

This study aimed to investigate whether serum and saliva
25(OH)D concentrations in Malaysian children are correlated and
associated with increased risk for dental caries. Overall, 120 chil-
dren participated, the findings of this study identified differences
in serum and saliva 25(OH)D levels between children with and
without caries experience. Although these differences with caries
experience were not significant, a moderate positive correlation
was observed between serum and saliva 25(OH)D. To date, no
previous studies comparing vitamin D in serum and saliva in rela-
tion to dental caries experience have been reported.

Vitamin D inadequacy is considered a major public health
concern all over the world, especially in young children.?’-?
Dental caries is a complex multifactorial disease and is recog-
nized as the most common children’s oral health problem espe-
cially in early childhood.® Despite the widespread prevalence
of vitamin D inadequacy and dental caries as well as growing
evidence linking the two conditions, a limited number of studies
have been published on the association between these two global
problems in young children.

Even though the evidence supports an association between
lower level of vitamin D and the incidence of dental caries, the
mechanism is still uncertain.’?*** While several studies have
compared the levels of vitamin D between caries and caries-free
children, some reports that lower vitamin D levels are associated
with caries experience while others have observed no significant
association.®? As expected, all these studies have assessed 25(OH)
D in blood samples as serum is considered the gold standard for
assessing one’s vitamin D status. Saliva can be considered a
good alternative as it is less invasive and a potential alternative
to young children and those afraid of needles !". In addition, no
special equipment is needed for saliva samples collection and it is
less costly compared to blood samples. Hence, using such non-in-
vasive sample and easy to be collected from young children is
highly recommended in child’s health. Unstimulated whole saliva
has many advantages and more convenient compared to stimu-
lated saliva exclusively in young children 3'. Therefore, assessing
vitamin D status in relation to dental caries among young children
using unstimulated saliva and correlating its level in their serum
is indispensable.

Vitamin D plays a crucial role in bone and tooth mineraliza-
tion. Rachitic tooth may occur as a result of insufficient level
of serum vitamin D *2. This tooth is a defective and hypomin-
eralized tooth which is highly susceptible to decay.® Vitamin D
levels could influence the tooth susceptibility to dental caries by
regulating the levels of calcium and phosphate in the body. These
ions are vital during tooth formation period. Low calcium and
phosphate levels in the body found to be linked to defect in the
enamel and dentin.’® Furthermore, vitamin D is able to control
of tooth germ formation and maturation as well as the stages
of primary tooth crown development based on research on the
molecular basis of vitamin D and specific vitamin D Receptor.®®
Hence, in this study the levels of serum 25(OH)D were compared
between ECC and CF groups. The results revealed serum 25(OH)
D level in ECC group was lower than in CF group; however, no
significant differences were observed. Similarly, no significant
correlation between serum 25(OH)D level and dmft score was

418 doi 10.17796/1053-4625-45.6.8

found. Our findings from this study are similar to those of Kim
et al. who have found that no significant differences between the
lower level of 25(OH)D below 50 nmol/L and dental caries inci-
dence in permanent molars among Korean children (10-12 years)
3, Another study was carried out by Herzog et al. to explore the
association of 25(OH)D deficiency with dental caries in US chil-
dren (5-12 years) * In fact, it was unable to determine an actual
association between vitamin D and caries experience. While
several studies from Canada, Qatar, Pakistan and India have
reported a significant association between lower level of 25(OH)
D and dental caries incidence in children.!""'3?? These dissimilar-
ities with our findings may be due to different age group, small
sample size or different assays for analysis.

In the present study, whole unstimulated saliva was also
collected to assess 25(OH)D level. Whole unstimulated saliva is a
mixture of salivary gland secretions and reveals the status of the
oral cavity environment. Our findings indicated saliva 25(OH)D
level is lower in ECC group rather than CF group, but the differ-
ences were not statistically significant. These results could not be
compared with the others owing to lack of studies that assessed
saliva 25(OH)D in relation to dental caries experience whether in
children or adults. Moreover, there was no significant correlation
between saliva 25(OH)D and dmft scores which suggesting that
the occurrence of dental caries is influenced by other factors such
as plaque control, dietary habits and acid resistance of teeth *
rather than 25(OH)D status in saliva. More studies about salivary
vitamin D and dental caries are strongly recommended.

Overall, nearly half number of children (45%) in the present
study had satisfactory level of 25(OH)D in their serum compared
to only one-third of children (29%) in their saliva. Moreover, the
most interesting finding in the present study that children with
ECC had adequate 25(OH)D levels in both serum and saliva when
compared to the controls (77.8%, 80.6%; 22.2%; 19.4% respec-
tively). These findings indicated that dental caries is a multifac-
torial disease and can be occurred even with adequate level of
vitamin in both serum and saliva. Although currently vitamin D
is considered a promising caries-preventive agent as vitamin D
supplementation was associated with a 47% caries reduction in
children 3¢, the incidence of dental caries in primary teeth of the
participated children with sufficient level might be due to the
presence and the effect of other risk factors for instance inappro-
priate feeding practice, oral hygiene practice, dietary habits, oral
bacterial flora, fluoride exposure, enamel defects, salivary flow,
demographic characteristics and parental oral health since dental
caries is a complex multifactorial disease.

Saliva 25(OH)D level found to be lower compared to serum
with significant differences between them and it agrees with the
findings of study by Fairney and Saphier reported significantly
lower vitamin D level in saliva compared to serum in schoolchil-
dren and adults °. Further, in the present study, remarkably there
seems to be a moderate positive correlation between serum and
saliva total 25(OH)D levels in young children. Yet, the levels vary
between them and serum readings appear to be better at grouping
children into 25(OH)D threshold based on their level which is
in line with previous findings who reported a significant and
positive correlation between serum and saliva levels of 25(OH)D
192137 Therefore, saliva test of 25(OH)D levels may not possess
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enough specificity to rule out cases of true 25(OH)D deficiency.
However, it could be helpful as screening tool that used for
preliminary evaluation of vitamin D level and assistance in the
selection of cases for further serum assessment. It could also help
in assessing child’s caries risk.

Our study is not without limitations. First, it was case-con-
trol study of a cross-sectional nature with comparatively small
number of children, especially the smaller number of caries-free
controls, which may limit the conclusion that can be drawn from
the present study. Furthermore, the correlation between vitamin
D and dental caries maybe inconclusive due to half number of
controls had 25(OH)D insufficiency and deficiency. Lastly, chil-
dren’s oral hygiene practices and dietary habits and their associa-
tion with the level of vitamin D were not studied as the focus was
comparing serum and saliva 25(OH)D levels. Notwithstanding
these limitations, these investigative data about serum and saliva
25(0OH)D levels in relation to dental caries are considered novel
and open the door for further research in this area to find out the
role of saliva vitamin D that may play in dental caries process.

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 6/2021

CONCLUSIONS

Based on the findings of the study, it is concluded that serum
and saliva 25(OH)D levels are higher in controls than the ECC
group but did not disclose any significant differences. Moreover,
there are no associations were found between serum and saliva
25(0OH)D levels and ECC. However, a significant and positive
correlation was observed between serum and saliva 25(OH)D
levels in young children. Further studies are warranted to under-
stand the real role of serum and saliva 25(OH)D levels on dental
caries process in young children.
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