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Introduction. Dental caries is one of the most widespread diseases in the human population, and the causes of increased 
susceptibility to dental caries remain of continuing interest to researchers. Active immunological components of oral fluid 
significantly influence the evolution of dental caries. The aim of this research is to study the relationship between zinc 
levels, the antimicrobial peptide LL-37, and transforming growth factor beta-1 in oral fluid, and the incidence of dental 
caries in children. 

Material and methods. In this observational cohort study, 398 children aged between 3 and 15 years were clinically 
examined. The research group included 132 children with dental caries, and the control group consisted of 266 caries-free 
children. The Plaque Index (PI) and caries experience indices were evaluated. Caries risk was assessed using the Cariogram 
software. The levels of zinc, the antimicrobial peptide LL-37, and transforming growth factor beta-1 in oral fluid were 
determined using standard EliTeh kits, in accordance with the manufacturer’s recommendations. The study was conducted 
in compliance with ethical standards and with written informed consent obtained from the children’s parents. Data were 
processed automatically using the open-source software RStudio, version 2024.09.1+394. 

Results. In children from the research group, a significant decrease in the levels of zinc, the antimicrobial peptide LL-37, 
and transforming growth factor beta-1 was detected in oral fluid, showing an inverse relationship with caries morbidity 
indicators.

Conclusions. Significantly decreased levels of zinc, the antimicrobial peptide LL-37 and transforming growth factor beta-
1 in oral fluid of caries-susceptible children may indicate an increased risk of caries. Low levels of zinc, the antimicrobial 
peptide LL-37, and transforming growth factor beta-1 in oral fluid may also serve as indicators of rapid progression of 
dental caries – a fact that should be taken into account when planning individualized preventive measures.
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K e y  m e s s a g e s

What is not known yet about the issue addressed in the sub-
mitted manuscript
Although a large number of salivary or oral fluid biomarkers have 
been proposed for the early diagnosis and prediction of dental car-
ies, not all biomarkers have the same degree of accuracy. Contro-
versial data are often presented in the scientific literature regard-
ing the accuracy of predicting dental caries using immunological 
biomarkers from oral fluid (LL-37 and TGF- β1). Thus, the extent to 
which estimating Zn levels and immunological biomarkers in oral 
fluid (LL-37 and TGF- β1) contributes to increasing the predictive 
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value and clinical applicability of combined biomarkers use re-
mains underexplored. 
The research hypothesis
Zinc levels and immunological biomarkers (LL-37, TGF-β1) in 
children affected by dental caries are lower compared to those in 
caries-free subjects.
The novelty added by the manuscript to the already pub-
lished scientific literature
This manuscript makes an original and valuable contribution to 
the literature by comprehensively evaluating the relationship be-
tween zinc levels and immunological biomarkers in oral fluid (LL-
37 and TGF-β1) in children with dental caries compared to those 
without dental caries. 

Introduction
Dental caries (DC) is a major oral health problem world-

wide and in the Republic of Moldova [1, 2]. The degree of DC 
prevalence is one of the key indicators of the population’s 
health status and the effectiveness of medical and dental care 
in the country [3]. Reported since ancient times, and along-
side the progress of civilization, the prevalence of DC in the 
population has increased significantly [3, 4]. Dental caries is 
considered the disease with the longest evolution period in 
human life, occurring with high prevalence and incidence in 
all regions of the globe, giving it an endemic-epidemic charac-
ter [1, 2]. Despite scientific advancements and modern dental 
equipment, the prevalence and incidence of DC among the 
growing population of our country remain high, with no ap-
parent trends toward reducing morbidity indicators [5].

DC and its complications influence the development of 
the dento-maxillary apparatus through the effect of both 
simple and complicated caries, often resulting in early tooth 
loss [6]. Treatment of dental caries in young children is fre-
quently neglected for various reasons, and the impact of 
untreated caries is manifested not only through pain, sleep 
disturbances, and odontogenic infections but can also ad-
versely affect the child’s growth and development [7, 8].

It is known that oral fluid (OF) plays an important role 
in maintaining oral health due to its immunological and 
non-immunological components, such as antimicrobial pro-
teins and enzymes [9]. In recent years, research has focused 
on identifying salivary biomarkers associated with the on-
set and progression of DC, including zinc (Zn), antimicrobial 
peptides (especially LL-37), and immunoregulatory cyto-
kines such as transforming growth factor beta-1 (TGF-β1) 
[10]. Zn has been shown to inhibit enamel demineralization 
by approximately 49% through its ability to reduce acid 
production in the dental biofilm by inhibiting glucose trans-
ferase [11]. Experimental studies have also demonstrated 
that adequate Zn intake can stimulate the expression of 
these protective factors, thereby contributing to the preven-
tion of DC [12, 13]. LL-37 is a cathelicidin produced by epi-
thelial cells and neutrophils, acting as a broad-spectrum an-
timicrobial agent and modulator of inflammation. Studies in 
children of various ages by Almoudi et al. (2021) reported a 

negative correlation between LL-37 levels and the severity 
of DC [14, 15], as well as a positive relationship with sali-
vary pH and salivary flow [15]. Conversely, no association 
has been observed between TGF-β1 content in OF and the 
extent of DC-related damage [16].

Thus, a large number of studies have demonstrated that 
OF biomarkers can be used to diagnose several oral diseas-
es, including DC. However, not all biomarkers have the same 
degree of accuracy, and currently only some of them have 
been proven reliable. The use of combined biomarkers, on 
the other hand, could have higher accuracy compared to the 
use of isolated biomarkers [14-16]. Therefore, it is relevant 
to study the dynamics of OF biomarkers to develop individ-
ualized, accurate quantitative parameters for personalized 
caries risk assessment and DC prediction.

The aim of the research is to study the relationship be-
tween the levels of zinc (Zn), the antimicrobial peptide LL-
37, and transforming growth factor beta-1 (TGF- β1) in oral 
fluid and the incidence of dental caries in children.

Material and methods
To achieve the purpose of the work, a prospective obser-

vational cohort study was conducted. This study included 
398 conventionally healthy children aged between 3 and 
15 years, who were divided into two groups. The examined 
children were from urban areas (196; 49.2%) and rural ar-
eas (202; 50.8%).

The research group (L1, caries group) consisted of 132 
children with carious lesions (33.2%, 95% CI 29-38), while 
266 caries-free children (66.8%, 95% CI 62-71) formed the 
control group (L0, caries-free group). All subjects were na-
tive to and residents of the Republic of Moldova. The dis-
tribution of children into age groups followed the target 
groups recommended by the World Health Organization 
(WHO) [17]: 3, 6, 12, and 15 years old. The 3-year-old group 
included 98 children (24.6%, 95% CI 20-29), the 6-year-old 
group 90 children (22.6%, 95% CI 19-27), the 12-year-old 
group 102 children (25.6%, 95% CI 21-30), and the 15-year-
old-group 108 children (27.1%, 95% CI 23-32). Subjects 
were evenly distributed by gender: 199 girls (50.0%, 95% 
CI 45-55) and 199 boys (50.0%, 95% CI 45-55). Of all chil-
dren examined, 196 (49.2%, 95% CI 44-54) came from ur-
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ban areas, and 202 (50.8%, 95% CI 46-56) from rural areas. 
Therefore, the children in both groups lived under similar 
socio-economic conditions, and the distribution of subjects 
in groups L1 and L0 was proportional according to age, gen-
der, and living environment.

Table 1. General characteristics of the studied cohort
Variable N = 398 95% CI
Group

caries research group (L1) 132 (33.2%) 29%, 38%
caries-free control group (L0) 266 (66.8%) 62%, 71%

Age
3 98 (24.6%) 20%, 29%
6 90 (22.6%) 19%, 27%
12 102 (25.6%) 21%, 30%
15 108 (27.1%) 23%, 32%

Gender
female 199 (50.0%) 45%, 55%
male 199 (50.0%) 45%, 55%

Area
rural 202 (50.8%) 46%, 56%
urban 196 (49.2%) 44%, 54%

Note: N - total number of patients and relative frequencies; 95% CI – 95% 
Confidence Interval 

A clinical examination of the children was performed, 
and OF was collected to assess the levels of Zn, TGF-β1, and 
LL-37. Data collection was conducted using the WHO Oral 
Health Questionnaire for Children (2013) to record oral sta-
tus. The degree of DC damage was assessed by calculating 
caries experience indices: the DC prevalence index (PI) and 
indices reflecting DC severity, including dmft/DMFT and 
dmfs/DMFS [17]. The DMFT/dmft index represents the sum 
of carious permanent or primary teeth extracted due to car-
ies and restored. The DMFS/dmfs index represents the sum 
of carious surfaces extracted due to caries and restored in 
permanent or primary teeth. The mean values of the DMFT/
dmft and DMFS/dmfs indices were estimated by dividing 
these indices by the total number of subjects in the research 
and control groups. To achieve the complex and personal-
ized prediction of DC, Cariogram software was used [18].

Biochemical studies of OF included the determination 
of Zn, transforming growth factor beta-1 (TGF- β1), and 
antimicrobial peptide LL-37 levels in all children included 
in the study. OF was collected unstimulated, in the morn-
ing, on an empty stomach, in sterile plastic tubes that were 
subsequently transported to the Scientific Laboratory of 
Biochemistry of the Nicolae Testemițanu State University of 
Medicine and Pharmacy. OF analysis was performed with-
out dilution, with all stages of the study carried out accord-
ing to the manufacturers’ instructions.

Determination of Zn levels in OF was performed using 
ELISA Total-Microtiter Plates kits (Epitope Diagnostics). 
The analysis and detection of cathelicidin LL-37 peptide 
were performed using ELISA kits (enzyme-linked immuno-
sorbent assay). Assessment of the TGF-β1 level in OF was 
performed using ELISA kits (Human TGF beta1 ELISA set, 
BD Biosciences).

The study was conducted in compliance with the prin-
ciples of the Declaration of Helsinki and was approved by 
the Research Ethics Committee of Nicolae Testemițanu State 
University of Medicine and Pharmacy, number 17 dated 
02.06.2015.

The data were processed automatically using the open-
source software RStudio, version 2024.09.1+394 (https://
www.rstudio.com). The use of these modern tools, widely 
recognized in academic and research environments, en-
abled rigorous, efficient, and fully reproducible analysis of 
the dataset. Their selection played a crucial role in ensur-
ing the transparency of the analytical process, the validity 
of the results, and the potential for independent replication. 
The source code used for data preprocessing and analysis 
is available and can be provided upon request, offering the 
opportunity for verification of results or integration of the 
methodology in future related research.

To describe the numerical variables, fundamental de-
scriptive statistics were computed: minimum and maxi-
mum values, arithmetic mean with standard deviation, me-
dian (Me), and interquartile range (IQR). These measures 
of central tendency and dispersion provided a detailed and 
precise depiction of the distribution of each variable, facili-
tating the identification of outliers, potential skewness, and 
deviations from normality. For comparing two independent 
groups with respect to the distribution of quantitative vari-
ables, the non-parametric Mann-Whitney-Wilcoxon test was 
applied, given its robustness and insensitivity to non-Gauss-
ian distributions or extreme values.

Graphical representations of numerical variables were 
generated using box plots, complemented by jitter plots and 
violin plots, offering an intuitive visualization of central ten-
dencies, variability, and group differences. 

For categorical variables, both absolute and relative fre-
quencies were calculated, accompanied by 95% confidence 
intervals for proportion estimates. This approach enabled 
a robust statistical characterization of category-level distri-
butions. To test hypotheses related to categorical variables, 
Pearson’s Chi-squared test was used. In all cases, regardless 
of sample size or frequency distribution, the Monte Carlo 
simulation method was employed, generating 100,000 ran-
dom samples to ensure a robust estimation of the p-value. 
This approach was chosen to maintain the validity of statis-
tical inference even in situations with small cell counts or 
imbalanced group sizes.

Additionally, linear regression analysis was performed 
to further explore associations between variables and to 
quantify the magnitude of the observed effects.

All statistical analyses were conducted using a conven-
tional significance level (α) of 0.05. Results were interpreted 
accordingly: p-values below this threshold were considered 
statistically significant. The practical and clinical relevance 
of the findings was further evaluated in the context of the 
present study, taking into account the observed effect sizes 
and their potential implications for public health decisions 
or clinical interventions.
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Results
The evaluation of the results regarding the degree of 

damage caused by DC at the beginning of the study showed 
that in children from the research group (L1), the values of 

the caries experience indicators were 4.00 (Me, IQR = 3.25) 
for the dmft/DMFT index and 8.00 (Me, IQR = 7.00) for the 
dmfs/DMFS index (Wilcoxon rank sum test = 35,112, padjusted 
< 0.001) (Table 2).

Fig. 1 Chances of avoiding new carious cavities estimated using the Cariogram software in children with dental caries 
and caries-free children.

Note: WMann-Whitney = 3170.50 - Wilcoxon rank sum test value; CI - Confidence Interval, nobs – number of research and control groups; n - number of patients; caries 
(L1) - research group; caries-free (L0) - control group.

Table 2. Values of caries experience indices in children

Variables Caries group (L1) N = 132 95% CI Caries-free group (L0) N = 266 95% CI Wilcoxon rank sum 
test p-value q-value

DMFT/
dmft

4.74 (2.65)
4.00 (3.25)
1.00 13.00

4.3, 5.2
0.00 (0.00)
0.00 (0.00)
0.00 0.00

0, 0 35,112 <0.001 <0.001

DMFS/
dmfs

8.06 (4.91)
8.00 (7.00)
1.00 24.00

7.2, 8.9
0.00 (0.00)
0.00 (0.00)
0.00 0.00

0, 0 35,112 <0.001 <0.001

Note: DMFT: D-Decay, M-Missing, F-Filled, T-Tooth; dmft: d-decay, m-missing, f-filled, t-tooth; DMFS: D-Decay, M-Missing, F-Filled, S-Surfaces; dmft: d-decay, 
m-missing, f-filled, s-surfaces; N-number of patients; CI-Confidence Interval (for L0, only one point zero); Statistical test: Wilcoxon rank sum test; p-value 
- probability of obtaining results as extreme as the observed ones, or more extreme, assuming that the null hypothesis is true; q-value – p value Hochberg 
correction for multiple testing.

The complex and personalized prediction of DC using 
the Cariogram software highlighted a moderate caries risk 
in children with carious lesions, the chances of avoiding 
new carious cavities being 53.00% (Me, IQR = 19.50). In 
caries-free children, the chances of avoiding new carious 
cavities were 82.00% (Me, IQR = 18.00), the caries risk be-
ing low. A significant difference was detected between the 
groups of children L1 and L0, (Wilcoxon rank sum test = 
3.171, padjusted <0.001) (Figure 1).

The results obtained from the clinical examination and DC 
prediction, confirmed by the study of the salivary biomarker 
complex (Zn, TGF-β1, and LL-37), are presented in Table 3.

In the OF of children with carious lesions (L1), signifi-
cantly reduced levels of TGF-β1 were detected: 0.31 (Me, 

IQR = 0.27) pg/mL, compared to caries-free children, 0.44 
(Me, IQR = 0.32) pg/mL (Wilcoxon rank sum test = 11,048 
padjusted = 0.001). The assessment of LL-37 in the OF of chil-
dren affected by DC revealed low values of this antimicro-
bial peptide – 6.45 (Me, IQR = 1.48) ng/mL, compared to 
caries-free subjects, 8.85 (Me, IQR = 2.88) ng/mL, the differ-
ence being statistically significant (Wilcoxon rank sum test 
= 7,047, padjusted = 0.001).

Figure 2 shows the results of the assessment of Zn levels 
in the OF of children. In children affected by DC, a statistical-
ly significant lower level of Zn in OF was detected: L1 = 20.83 
(Me, IQR = 9.73) pg/mL, compared to subjects in the control 
group, L0 = 38.07 (Me, IQR = 21.08) pg/mL (Wilcoxon rank 
sum test = 5,574, padjusted = 0.001).
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Discussion
OF represents a very well-organized, specific biolog-

ical environment with unique and universal properties. It 
is a dynamic medium that reflects all changes occurring in 
the body, including those associated with carious disease. 
Due to its characteristics, OF is considered a valuable tool 
in the diagnosis of DC and offers multiple advantages as a 
diagnostic method: it allows better acceptance and cooper-
ation from anxious patients [11], as well as rapid, simple, 
and non-invasive identification of biomolecules with the 
potential to improve early diagnosis, prognosis, monitoring 
of disease evolution, and assessment of the effectiveness of 
applied treatments [11, 19].

In the present study, significantly reduced levels of Zn, 
LL-37, and TGF-β1 were detected in the OF of children with 
carious lesions. Our results are consistent with those of pre-

vious research by Ajeel N.A. et al. (2024) [20]. The authors 
argue that the multifunctional cytokine TGF-β1 is one of the 
main regulators of the immune response, possesses strong 
anti-inflammatory properties, and inhibits the production 
of other pro-inflammatory cytokines [16]. It is assumed that 
the physiological function of TGF-β1 in odontoblasts is re-
lated to tooth mineralization [12]. It has also been suggest-
ed that TGF-β1 participates in the antimicrobial protection 
of the tooth, although this mechanism is not yet fully eluci-
dated.

Several studies have obtained similar results, showing 
lower levels of LL-37 in the saliva of subjects with high car-
ies activity compared to caries-free children [13, 16]. LL-37 
has previously been shown to prevent biofilm formation 
on tooth surfaces, inhibit the growth and colonization of 
Streptococcus mutans [21], reduce the thickness of existing 
biofilms and the adhesion of microorganisms to the tooth 

Fig. 2 Zinc levels in oral fluid in children.
Note: WMann-Whitney = 5,574 - Wilcoxon rank sum test value; CI-Confidence Interval, nobs – number of research and control groups; n - number of patients; caries (L1) - 
research group; caries-free (L0) - control group.

Table 3. Values of immune system biomarkers in oral fluid in children

Variables Caries group (L1) N = 
132 95% CI Caries-free group (L0) N = 266 95% CI Wilcoxon rank sum 

test p-value q-value

Zinc
22.43 (7.35)
20.83 (9.73)
11.09 54.21 

21, 24
39.40 (16.51)
38.07 (21.08)
14.79 97.76 

37, 41 5,574 <0.001 <0.001

LL-37,
ng/mL

6.66 (2.86)
6.45 (1.48)
1.35 27.92 

6.2, 7.1
8.59 (2.31)
8.85 (2.88)
1.25 14.08 

8.3, 8.9 7,047 <0.001 <0.001

TGF-β1, pg/mL
0.35 (0.21)
0.31 (0.27)
0.04 0.95 

0.32, 
0.39

0.50 (0.26)
0.44 (0.32)
0.02 1.51 

0.47, 0.53 11,048 <0.001 <0.001

Note: LL-37-antimicrobial peptide; TGF-β1- transforming growth factor beta-1; N-number of patients; CI- Confidence Interval; Statistical test: Wilcoxon rank 
sum test; p-value - probability of obtaining results as extreme as the observed ones, or more extreme, assuming that the null hypothesis is true; q-value – p value 
Hochberg correction for multiple testing.
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surface, thereby decreasing the production of inflammato-
ry markers [13, 21, 22], and to enhance the antimicrobial 
capacity of anti-inflammatory cells such as neutrophils [14, 
15, 21].

The analysis of the results of the present study revealed 
significantly lower levels of Zn in the OF of children with 
carious lesions. We believe that Zn deficiency led to a de-
crease in the levels of the immunoregulatory proteins 
TGF-β1 and LL-37 in the OF, which resulted in a rapid and 
severe evolution of the carious process in children of differ-
ent ages, as confirmed by the low chances of avoiding new 
carious cavities estimated using the Cariogram software. At 
the same time, significantly higher values of Zn in the OF 
were observed in children free from DC. These results sug-
gest that Zn may exert a protective role, possibly through its 
direct antibacterial action and by stimulating the produc-
tion of the immunoregulatory molecules TGF-β1 and LL-37, 
and confirm the results of studies conducted by Talukder, P. 
et. al, 2011 and Morio K.A. et al., 2023 [12, 13]. Our results 
are also consistent with the study conducted by Sharma A. 
and Subramaniam P., 2021, which demonstrated the ability 
of Zn to inhibit glucosyltransferase and block dental biofilm 
formation [23].

Thus, the results obtained in the present study estab-
lished that the increased levels of Zn, TGF-β1, and LL-37 in 
OF in caries-free children indicate that these components 
have an important role in maintaining oral microbial ho-
meostasis and in preventing the occurrence of DC, as con-
firmed by the increased chances of avoiding new carious 
cavities estimated using Cariogram software (82.00%), the 
caries risk being low. Therefore, the combined use of Zn, 
TGF-β1, and LL-37 biomarkers in OF may ensure higher ac-
curacy, with greater sensitivity and specificity for the per-
sonalized prognosis of DC in children. The results obtained 
support the further development of personalized approach-
es in the early diagnosis and prediction of DC, based on the 
biochemical profile of OF.

Conclusions
In children affected by dental caries, significantly de-

creased levels of Zn, LL-37, and TGF-β1 were found in OF, 
compared to the balanced levels of these biomolecules in 
the OF of caries-free children. Low levels of Zn, LL-37, and 
TGF-β1 in OF may be an indicator of rapid progression of 
DC, a fact that needs to be taken into account when planning 
individualized preventive measures.

The combined assessment of OF biomarkers represents 
a non-invasive and innovative method for DC prognosis, 
with higher sensitivity and specificity. However, for the clin-
ical use of OF biomarkers, it is necessary to develop stan-
dardized protocols and conduct large studies in which the 
influence of various confounding variables is controlled.
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