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Abstract 

Aim: Childhood dental caries affects over 621 million children globally and poses significant challenges in early diagnosis and 
prevention. Salivary biomarkers such as vitamin D3 and statherin are pivotal in enamel mineralization and caries prevention, yet 
their diagnostic potential in children with mixed dentition remains underexplored. This study aimed to evaluate the association 
of  salivary vitamin D3 and statherin levels with dental caries in children aged 6–12 years and explore their potential as early 
biomarkers of  caries risk. Materials and Methods: This cross-sectional study included 200 children (100 caries-free and 100 with 
caries) aged 6–12 years recruited from Sree Balaji Dental College and Hospital, Chennai. Caries assessment was conducted using 
decayed, missing, and filled teeth (DMFT) scores. Analysis of  vitamin D3 and statherin in the unstimulated salivary samples was 
done using enzyme linked immunosorbent assay. Statistical analysis of  the data was done using the chi-square test, independent 
sample t-test, and Pearson’s correlation. A value of  P ≤ 0.05 was considered statistically significant. Results: Children with caries 
exhibited significantly lower mean salivary statherin levels (4.34 ± 1.36 ng/mL) compared to caries-free children (5.18 ± 1.85 ng/
mL; P = 0.016; Cohen’s d = 0.51). Similarly, mean salivary vitamin D3 levels were lower in the caries group (2.02 ± 0.90 ng/
mL) than in the caries-free group (2.57 ± 1.33 ng/mL; P = 0.005; Cohen’s d = 0.48). The frequency of  tooth brushing varied 
significantly between groups (P = 0.013), while DMFT scores were significantly higher in the caries group (P < 0.001; Cohen’s 
d = 2.76). A weak negative correlation was observed between DMFT scores and both salivary statherin (r = −0.069; P = 0.5) 
and vitamin D3 levels (r = −0.198; P = 0.06). Conclusion: Salivary levels of  vitamin D3 and statherin were significantly lower in 
children with caries, highlighting their potential as noninvasive biomarkers for early caries detection. This study emphasizes the 
importance of  preventive measures, including optimal oral hygiene and vitamin D3 supplementation, in reducing caries risk in 
children. 
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Introduction
Dental caries is the most common microbial infection 
and a major global health issue in children and adults 
across the globe.[1] It is generally associated with the 
demineralization of the hard tissue of the tooth, followed 
by tooth loss if  left untreated.[2]

Early stages of dental caries are symptomless and progress 
to a painful condition, which has a social impact on school-
aged children, affecting their attendance at school, low 

performance, and loss of teeth. Despite improvements in 
prevention and treatment, caries are prevalent worldwide, 
especially among children and those with limited dental 
care access.[3]
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Globally, 2.4 billion people suffer from caries in 
permanent teeth and 621 million children in primary 
teeth.[4] Existing studies on the prevalence of  dental caries 
in children across the globe predominantly focus on caries 
of  the primary dentition.[5-7] In India, about 50% of the 
general population is affected, with 64–78% of children 
impacted.

The occurrence of dental caries in mixed dentition is 58%.[8] 
Mixed dentition is vulnerable to caries, as the oral cavity is 
in continuous change due to the simultaneous exfoliation 
of deciduous teeth and the eruption of the permanent 
teeth. The children follow the same dietary habits, oral 
hygiene, and oral microbiome profile. Furthermore, the 
permanent teeth are not properly aligned with others, and 
the eruption makes the gums tender, making it difficult to 
clean the teeth,[9] thus increasing the risk of caries.

In the last decade, there has been a greater interest in 
salivary diagnostics and salivary biomarkers for dental 
caries. Saliva is a protein-rich, viscoelastic fluid. As the 
teeth are constantly in contact with saliva, the organic and 
inorganic constituents of saliva play a huge role in caries 
development and also prevention. This highlights the 
role of saliva as a potential diagnostic medium for early 
detection of caries lesion development.[10]

Proteomics analysis of saliva from children as well as 
adolescents has characterized hundreds of salivary 
proteins and metabolites associated with dental caries.[11-13]

Among those, proteins such as lactoperoxidase, mucin 1, 
carbonic anhydrase, alpha-amylase, salivary α-defensins, 
acidic proline-rich protein, cathelicidins, statherin, and 
proteinase-3 are reported as candidate biomarkers in the 
diagnosis of caries.[14]

Amidst the aforementioned salivary proteins, salivary 
statherin, in particular, plays a significant role in acid 
resistance caused by carious microbes by forming a 
protective acquired enamel pellicle layer, thus preventing 
demineralization and enhancing remineralization of the 
tooth.[15] Statherin is an antimicrobial peptide, that is, 
acidic in nature and made up of 43 amino acids. With 
the potential role of statherin in the mineralization of the 
enamel, studies on the role of salivary statherin in early 
caries detection are of much significance.

Besides salivary proteins, contemporary research also 
focuses keenly on nutritional deficiency, specifically 
vitamin D deficiency, which is identified as a risk factor 
for dental caries. Vitamin D plays a significant role in both 
the mineralization of bone and tooth and, its deficiency 
leads to rachitic tooth, that is, highly susceptible to decay 
and caries.[16] Optimal vitamin D levels are reported to be 
associated with lower odds ratios for caries in children.[17] 
While the association between serum vitamin D3 levels 
and dental caries in children is reported in existing 
literature, studies correlating the effect of salivary vitamin 

D3 and dental caries specifically in mixed dentition are 
not available.

In general, there is a paucity in the epidemiological 
data regarding caries prevalence in mixed dentition. 
A recently published systematic review on salivary 
markers in mixed dentition has reported on 
upregulation of  specific salivary glycoproteins such 
as immunoglobulin A, antimicrobial peptide, and 
proteinase-3 in the caries group.[18] Also, there is not 
much clarity on the expression of  these markers and 
their correlation with risk of  dental caries in mixed 
dentition. Understanding the existing knowledge gap 
in the identification of  salivary markers for dental 
caries specifically in mixed dentition, this study aimed 
to evaluate the salivary levels of  statherin and vitamin 
D3 as a marker for dental caries in children, especially 
with mixed dentition. Our null hypothesis states that 
there is no relationship between dental caries and 
salivary levels of  statherin and vitamin D3.

Materials and Methods

Ethical approval
This cross-sectional investigation was carried out at Shree 
Balaji Dental College and Hospital (SBDCH), Bharath 
Institute of Higher Education and Research, Chennai, 
Tamil Nadu, India. Approvals from the Institutional 
Review Board (IRB-PG/22-12/05) and the Institutional 
Ethical Committee (SBDCH/IEC/23-01/04) were 
obtained before the start of the study. The study protocol 
was carried out over a duration of between July 2023 and 
October 2023.

Study design and participants
A total of 200 children aged 6–12 years were recruited 
for this study. Children were recruited by single-stage 
sampling method after obtaining parental consent. The 
study participants were categorized into two groups: 
Group I comprised 100 healthy, caries-free children, while 
Group II included 100 children diagnosed with caries. The 
study population’s parents/guardians provided written 
informed consent.

A structured self-administered questionnaire, 
filled by the parent/guardian, was used to collect 
information on sociodemographic factors such as age, 
gender, standard of  education, annual income of  the 
household, behavior, and tooth brushing habits of 
the participating children. The frequency of  tooth 
brushing was self-reported. Tooth brushing frequency 
was evaluated based on the inquiry as to how often they 
brush their teeth; responses were recorded as: more 
than once a day, once a day, at least once a week but 
not daily, less than once a week, or never. The recorded 
responses were categorized as “tooth brushing at least 
twice a day” and “tooth brushing once a day or less.”
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Study criteria
Healthy, caries-free children aged 6–12 who were willing 
to participate in the study were categorized in Group I. 
Children with dental caries between the age of 6 and 12, 
who consented to participate were included in the caries 
group.

Exclusion criteria included unwillingness to participate, 
current vitamin D supplementation, chronic illness, and 
the presence of any systemic diseases.

Sample size calculation
The sample size was calculated using the formula 
N = Z2P(1 − P)/d2.[19] Where n is the sample size, Z is 
the statistic corresponding to level of confidence, P is 
expected prevalence, and d is precision. The value of P was 
considered as 65% according to a previous study.[20] With 
the power of 90% and alpha value of 0.05, the sample size 
obtained was 98 per group, rounded off  to 100; therefore, 
200 participants were recruited in total.

Clinical evaluation
The study participants were clinically screened by trained 
oral pathologists. Oral pathologists, who examined the 
study population, underwent a calibration process prior 
to data collection to ensure consistency in measurement 
with respect to decayed, missing, and filled teeth (DMFT) 
index. The inter-examiner reliability was tested using 
Cohen’s Kappa value. The kappa score was above 0.85.

Clinical evaluations were conducted using standard dental 
equipment, including face shields, masks, gloves, and 
disposable tools. Dental caries was diagnosed according to 
criteria recommended by the World Health Organization 
(WHO).[21] Tooth-based DMFT scores of the study 
participants were evaluated by visual examination and 
recorded. The clinical behavior of the children was 
recorded using Frankl’s behavior rating scale.[22]

Saliva collection
Unstimulated saliva (2 mL) was collected by passive 
drainage using sterile containers. The study participants 
were advised to abstain from consuming any food or 
beverages for a minimum of 2 h before the collection of 
the samples. In addition, they were asked to rinse their 
mouths before the collection of salivary samples. Samples 
were collected between 10 AM and 12 noon to avoid 
diurnal variation. The saliva samples were then stored 
under −70°C until further analysis.

Quantification of salivary vitamin D3 and statherin
Salivary vitamin D3 assay
Salivary vitamin D3 level was estimated using enzyme 
linked immunosorbent assay (ELISA) kit (BT Lab, China). 
The given standard vitamin D3 was centrifuged at 10,000 
× g for 1 min, upon which serial dilution was performed 

to obtain standard solution with concentrations of 120, 
60, 30, 15, and 7.5 ng/mL. In total, 50 μL of the standard 
solution was added to the standard well. In total, 40 μL of 
the salivary sample and 10 μL of anti-vitamin D3 antibody 
were added to 96-well micro-ELISA plate (dismountable). 
Then, 50 μL of streptavidin-HRP was added to sample 
wells and standard wells. After incubation at 37°C, 60 min, 
the unbound complex was removed from each well and 
washed with 300 μL of wash buffer.

Then, 50 μL of substrate A and substrate B were added 
to each well and incubated in the dark for 10 min at 37°C. 
To stop the reaction, 50 μL of stop solution was added 
to each well. The absorbance value of each well was 
measured at 450 nm.

Salivary statherin
Salivary statherin was estimated using an ELISA kit (BT Lab, 
China). The reagents were all of analytical grade. Experiments 
were performed in accordance with the instructions provided 
by the manufacturer. The given standard statherin was 
centrifuged at 10,000 × g for 1 min. Standard solutions 
with concentrations of 2400, 1200, 600, 300, 150, 75, and 
37.5 ng/mL were obtained by serial dilution. In total, 50 μL 
of the standard solution was added to the standard well. 
In total, 40 μL of the salivary sample and 10 μL of anti-
statherin antibody were added to 96-well micro-ELISA 
plate (dismountable). Then, 50 μL of streptavidin-HRP was 
added to sample wells and standard wells. After incubation 
at 37°C for 60 min, the liquid was removed from each well 
and washed with 300 μL wash buffer.

Next, 50 μL of substrate A and substrate B were added 
to each well and incubated in the dark for 10 min at 37°C. 
In total, 50 μL of stop solution was added to each well to 
stop the reaction, and the absorbance value of each well 
was measured at 450 nm.

Statistical analysis
Statistical analysis was performed using SPSS version 
27.0 (IBM Corp: Armonk, NY, USA). In the case 
of categorical data, the percentage and number were 
reported. Numerical data were provided as mean ± SD. 
Categorical data were analyzed with the chi-square test, 
and continuous data were tested for normality using the 
Kolmogorov–Smirnov test. Parametric tests, specifically 
the independent sample t-test, were used to analyze 
continuous variables. Pearson’s correlation coefficient was 
calculated to evaluate the association between salivary 
statherin and vitamin D3 with dental caries. Significance 
levels were set at P ≤ 0.05 (significant), P ≤ 0.01 (highly 
significant), and P ≤ 0.001 (very highly significant).

Results
This study is a cross-sectional study comprising 200 
participants. The total sample size of  200 in this study 
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could be considered adequate since the power of  the 
study calculated was >80% at a level of  significance of 
0.05.

The age distribution of  the study population is 
represented in Table 1. Children aged between 6 and 
12 years were chosen for this study. The mean age of 
the study group children was 8.73 ± 1.8 years, and the 
control group was 8.7 ± 1.8 years. The normal curve 
for age distribution is represented in Figure 1. The age 
distribution between caries-free and caries groups did 
not show any statistical significance. This is a significant 
feature of  the study, as it did not add heterogeneity to 
the study population.

Among the study participants in the control group, 52 
were male and 48 were female participants. In the caries 
group, 46 were male and 54 were female participants. The 
gender difference did not show any statistical significance 
(P = 0.207) in the study groups.

The behavior rating of  children on the Frankl scale 
was found to be very positive in 178 children (89%) 
and positive in 18 children (18.8%). None of  the 
study participants showed a negative behavior. The 

relationship was found to be statistically significant 
(0.077).

Table 2 shows the brushing habit of the study participants. 
In total, 12.5% of the participants in the control group 
have reported brushing their teeth twice a day, whereas it 
was found to be nil in the caries group, with a statistical 
significance of P < 0.05. This indicates a strong 
relationship between tooth brushing and prevalence of 
dental caries.

The DMFT scores of the study population are also 
mentioned in Table 2. The score values were found to 
be high in the caries group with a very high statistical 
significance (P < 0.001). With an effect size of d = 2.76, 
as determined by Cohen’s d, a significant effect was  
seen.

The salivary levels of vitamin D3 and statherin in healthy 
controls and caries group are shown in Table 2. The mean 
salivary statherin levels were low in the caries group 
(4.34 ng/mL) when compared to healthy controls, and the 
values were highly statistically significant, indicating the 
protective role of statherin caries prevention. The effect 
size, d = 0.51, indicates a medium effect.

Table 1: Distribution of study population based on age between caries-free and caries group

Group Age (years)
(95% CI [6, 7 years and 10, 11 years])

6 (%) 7 (%) 8 (%) 9 (%) 10 (%) 11 (%) 12 (%) P value
Caries-free 10.4 18.8 20.8 12.5 20.8 4.2 12.5 0.729NS

Caries group 14.6 14.6 18.8 18.8 12.5 10.4 10.4
Values are represented as percentage (%)
NSP value statistically not significant

Figure 1: Normal curve with respect to the age of the study population
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Also, the mean salivary vitamin D3 (2.57 ng/mL) was 
found to be higher in healthy controls when compared 
to the caries group, showing a highly significant 
relationship statistically. Thus, indicating the protective 
role of  vitamin D3 in caries prevention. The effect 
size, as measured by Cohen’s d, was d = 0.48, showing 
a moderate effect. Pearson’s correlation coefficient 
analysis [Table 3] showed a weak negative correlation 
between DMFT scores and salivary vitamin D3 levels 
(r = −0.1978; P = 0.06). Similarly, the relationship 
between statherin and DMFT scores also showed a 
non-significant weak negative correlation (r = −0.1978; 
P = 0.006).

Discussion
Dental caries, or tooth decay, is a widespread oral 
health issue. It results from the demineralization of 
tooth enamel by acids produced from the bacterial 
fermentation of  sugars.[23] The WHO recommends the 
DMFT index to monitor the distribution and prevalence 
of  caries.[24]

Early caries risk assessment is crucial because previous 
caries increases the risk of  developing additional 
caries.[25] However, the DMFT score may not predict 
early carious lesions. Given the increased risk of  caries 
and the limitations of  early detection methods, the 
validation of  salivary markers for dental caries in 
childhood could provide a novel approach to ascertain 
caries risk at an early stage. This would aid in preventing 
caries in childhood and adulthood. Despite its potential 
importance, the relationship between salivary proteins 

and dental caries remains underexplored. A better 
understanding of  this relationship could enhance 
preventive strategies and improve oral health outcomes 
related to dental caries.

Considering the knowledge gap in the existing literature, 
this study aimed to explore the correlation between 
salivary levels of  statherin and vitamin D3 and dental 
caries in children with mixed dentition. Dental caries 
often begins early in life, with age (peaking in children 
aged 6–12) and gender (more common in females) 
being crucial determinants.[26-28] In this age- and gender-
matched study, these factors did not show any statistical 
significance. This strengthens our findings, as controlling 
for age and gender eliminated potential bias in the study 
design.

Socioeconomic status, diet, nutrition, and tooth brushing 
are also identified as modifiable risk factors for dental 
caries.[29] The link between socioeconomic status, including 
educational attainment, and oral health outcomes is well 
documented.[3] However, to avoid socioeconomic bias, 
participants in this study were selected from a homogenous 
group – middle-income households.

Brushing frequency has a direct relationship with the 
increase in caries and carious lesions.[30] This study’s 
findings highlight a significant difference in brushing 
habits between the caries-free and caries groups, 
suggesting that brushing habits influence dental caries 
prevalence or severity. This finding underscores the 
importance of public health initiatives promoting regular 
and effective oral hygiene practices. This study primarily 
aimed to explore the potential of salivary vitamin D3 and 
statherin as early markers of dental caries in children. 
Vitamin D, known for its role in bone health and calcium 
regulation, also influences dental health. It does this by 
regulating immune responses, enamel remineralization, 
and maintaining a balanced oral microbiome, thereby 
reducing the risk of caries.[31] Lower vitamin D levels are 
identified as a potential risk factor for dental caries.[32,33] 
Vitamin D receptors are expressed in ameloblasts and 
odontoblasts, and low vitamin D levels can result in 
enamel hypomineralization.[34]

Table 2: Salivary vitamin D3, statherin levels, and decayed, missing, and filled teeth (DMFT) score between caries-free and 
caries group

Caries-free Caries group P value Cohen’s d value
Vitamin D3 (ng/mL) 2.57 ± 1.33 2.02 ± 0.90 0.005** 0.48

Statherin (ng/mL) 5.18 ± 1.85 4.34 ± 1.36 0.016* 0.51

DMFT score 0.6 ± 0.3 3.4 ± 1.4 0.0001*** 2.76

Tooth brushing Once 87.5% 12.5% 0.013*

Twice 100% 0%
Values are represented as mean ± SD and percentage (%)
***Represents P < 0.001, 
**P < 0.01, 
*P < 0.05

Table 3: Correlation analysis between decayed, missing, 
and filled teeth (DMFT) scores and salivary vitamin D3 and 
statherin

Correlation Coefficient (r) P value
DMFT and vitamin D3 −0.1978 0.06NS

DMFT and statherin −0.069 0.5NS

NSThe P value is not significant statistically
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The relationship between caries and low vitamin D 
levels in children is widely reported globally.[34,35] Zhan 
et al.[36] reported an inverse relationship between serum 
vitamin D3 levels and tooth loss. A retrospective study 
in the US population also confirmed the association 
between low serum vitamin D3 levels and dental caries.[37] 
Similarly, Kim et al.[38] reported comparable findings in 
the permanent dentition of  Korean children. Chhonkar 
and Arya[39] identified vitamin D as a risk factor for 
dental caries in Indian children aged 3–6 years. A study in 
Western Rajasthan, India, reported vitamin D deficiency 
in early childhood caries.[40] Furthermore, vitamin D3 
deficiency is associated with caries risk in mixed dentition. 
Silva et al.[41] demonstrated low serum vitamin D3 levels 
in children with dental caries and mixed dentition. 

Pratyusha et al.[42] also reported similar findings in 
caries-affected children aged 3–11 years in the Indian 
population. While existing literature extensively examines 
serum vitamin D levels and caries risk in children, studies 
on salivary vitamin D3 and its correlation with caries are 
scarce.

In this study, we observed decreased salivary vitamin 
D3 levels in the caries group compared with caries-free 
subjects [Figure 2]. This finding aligns with previous 
research. Nireeksha et al.[43] reported that low salivary 
levels of vitamin D increase the severity of caries in adults. 
Padmanabhan et al.[44] also demonstrated an association 
between low salivary vitamin D3 levels and caries in 
children aged 4–12 years.

Figure 2: Mean salivary levels of vitamin D3 and statherin among the study population
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Consistent with these findings, our study revealed a weak 
negative correlation between salivary vitamin D3 levels 
and DMFT scores, suggesting that salivary vitamin 
D3 plays a role in preventing dental caries. The inverse 
relationship between low vitamin D3 and caries risk in 
both primary and permanent dentition is supported by a 
recent systematic review and meta-analysis by Durá-Travé 
et al.[32]

The decreased vitamin D levels observed in this study 
could be attributed to the widespread prevalence of 
vitamin D deficiency and insufficiency in the general 
population. Notably, both vitamin D deficiency and 
severe early childhood caries are common in India, where 
the prevalence of vitamin D deficiency ranges from 50% 
to 90%.[45] The literature extensively discusses oral vitamin 
D supplementation and its preventive role in reducing the 
risk of dental caries.[46,47]

However, the precise molecular mechanism underlying 
the relationship between low vitamin D3 levels and caries 
remains unclear and requires further exploration. This 
study also investigated the relationship between salivary 
statherin and dental caries. Statherin, a salivary protein, 
stabilizes calcium phosphate in enamel and prevents its 
premature precipitation, which is essential for enamel 
protection.[48] Wang et al.[49] reported the anti-caries 
application of statherin-derived peptide. In this study, 
salivary statherin levels were significantly lower in the caries 
group compared with caries-free participants [Figure 2], 
supporting our hypothesis. The reduced statherin levels 
in the caries group might be due to decreased effective 
delivery of statherin in saliva to eroded tooth surfaces 
compared with non-eroded surfaces.[50]

Interestingly, our key findings are consistent with those 
of Pateel et al.[51] and Angarita-Díaz et al.[52] Both 
studies reported a decline in statherin levels in the caries 
group, although results were not statistically significant 
in the former study. Nussrat et al.[53] also reported 
decreased salivary statherin levels in children with caries. 
Furthermore, systematic reviews on salivary biomarkers 
in dental caries by Alamoudi et al.[54] and Ahmad et al.[14] 
have highlighted the significant relationship between 
statherin and dental caries.

In our study, we also found a weak, statistically non-
significant, negative correlation between DMFT scores 
and statherin [Figure 3]. This finding does not strongly 
support a direct clinical implication of low salivary 
statherin and vitamin D3 levels with the DMFT score. 
This could be due to the small sample size.

To our knowledge, this research represents the first 
attempt to investigate the importance of both salivary 
vitamin D3 and statherin in children aged 6–12 years with 
mixed dentition and dental caries, using a noninvasive 
saliva sampling method.

While this study provides valuable insights into the 
association between salivary vitamin D3 and statherin 
with dental caries in children, it has some limitations. 
The cross-sectional design limits our ability to establish 
a causal relationship between biomarker levels and 
caries progression. We did not account for key factors 
that influence caries development, such as fluoride 
exposure, dietary habits, and sugar consumption. To avoid 
unnecessary radiation exposure, we also did not perform 
radiographic evaluation of caries, which may have resulted 
in an underestimation of caries prevalence.

Figure 3: Scatter plot showing the correlation between decayed, missing, and filled teeth scores and vitamin D3 and statherin levels
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Future studies should employ a longitudinal design to assess 
changes in salivary biomarker levels over time and their 
predictive value for caries risk. Incorporating detailed dietary 
data, fluoride usage information, and oral health-related 
behaviors could strengthen the findings. Expanding the sample 
size and including participants from diverse socioeconomic and 
geographic backgrounds would improve the generalizability 
of the results. Further molecular research is also needed to 
elucidate the mechanistic roles of salivary vitamin D3 and 
statherin in enamel mineralization and caries development.

Conclusion
This study establishes that salivary levels of vitamin D3 
and statherin are significantly lower in children with 
dental caries compared to caries-free children. These 
findings underscore the potential of salivary biomarkers as 
noninvasive tools for the early detection of caries risk in 
children with mixed dentition. The study further emphasizes 
the importance of preventive measures such as regular tooth 
brushing and optimal vitamin D3 levels in reducing caries 
risk. Investigating these biomarkers on a larger scale and 
overtime could pave the way for personalized preventive 
strategies and targeted interventions designed to enhance 
oral health outcomes in children.
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