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ABSTRACT 

This study aimed to comprehensively assess the impact of type 1 diabetes mellitus (T1DM) on the periodontal 

status of adolescents. A cross-sectional comparative study involved 180 adolescents aged 12–18 years, divided 

into groups: patients with compensated T1DM (n=80), conditionally healthy individuals (n=80), and 

adolescents with periodontitis associated with poor oral hygiene (n=20). The methodology included clinical 

assessment of periodontal indices (BOP, PPD, CAL), quantitative determination of key periodontopathogenic 

bacteria (Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola) using real-time PCR, and 

analysis of biochemical markers (interleukin-1β, matrix metalloproteinase-8, osteoprotegerin) in oral fluid. The 

results revealed that adolescents with T1DM, compared to their healthy peers, had a 2.5 times higher bleeding 

index (BOP: 25.0% vs. 10.5%, p<0.001), an elevated concentration of IL-1β in saliva (65.8 pg/mL vs. 25.5 

pg/mL, p<0.001), and an 11.6-fold increase in P. gingivalis levels (5.8×10³ vs. 0.5×10³ copies/mL, p<0.001). 

At the same time, no significant loss of clinical attachment was observed, indicating a predominance of severe 

gingivitis over destructive periodontitis. A direct correlation was established between the level of glycated 

hemoglobin (HbA1c) and inflammatory parameters: with BOP (ρ=0.47) and with IL-1β (ρ=0.52). The obtained 

data indicate that T1DM in adolescents is a significant risk factor for the development of pronounced 

periodontal inflammation. Its pathogenesis is primarily associated with a systemic pro-inflammatory status 

induced by hyperglycemia, rather than with an aggressive microbial factor. The results justify the necessity of 

mandatory inclusion of periodontal screening and preventive dental interventions into the standards of 

interdisciplinary management for adolescents with T1DM. 
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Introduction 
 

Type 1 diabetes mellitus (T1DM) is a chronic 

autoimmune disease characterized by an absolute 

insulin deficiency [1]. Unlike type 2 diabetes, which 

manifests predominantly in adulthood, T1DM is 

traditionally considered a disease of the young, with a 

peak incidence during childhood and adolescence [2, 

3]. In recent decades, the global medical community 

Cross-Sectional Study 
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has encountered an unprecedented phenomenon: a 

steady increase in the incidence of T1DM among 

children and adolescents, which has taken on the 

character of a global epidemic [4-6]. This rise is 

observed in almost all countries worldwide; however, 

its dynamics and absolute rates demonstrate 

pronounced geographical and temporal heterogeneity, 

pointing to a complex interaction between genetic 

predisposition and environmental factors [7]. 

Historical data clearly illustrate the scale and features 

of this epidemic. As seen from data aggregated across 

key world regions, the overall trend has been upward 

over the past 70 years (Figure 1). Western European 

nations have generally had the greatest rates [8]. 

However, the most notable relative growth was 

observed during the end of the 20th and start of the 21st 

century in areas with initially low prevalence, like 

China, India, and Eastern Europe [9]. For instance, in 

the Russian Federation, the incidence increased from 

approximately 1.8 cases per 100, 000 children in the 

1970s to a projected 22.0 by 2025. In China, the rate 

increased tenfold over the same period [10]. This 

growing cohort of patients remains in a state of chronic 

hyperglycemia for life, which serves as a trigger for the 

development of microvascular and macrovascular 

complications [11]. 

 

 
Figure 1. Dynamics of type 1 diabetes mellitus incidence among children aged 0-14 years by world region, 

1950s–2020s (new cases per 100, 000 children per year). 

 

One of the significant yet often underestimated 

complications of T1DM in clinical pediatric practice is 

periodontal disease [12, 13]. The pathophysiological 

link between hyperglycemia and periodontal tissue 

damage is complex [14]. Chronically elevated glucose 

levels promote non-enzymatic protein glycation with 

the formation of advanced glycation end products 

(AGEs) [15]. Their accumulation in periodontal tissues 

and interaction with specific receptors (RAGE) induce 

a sustained pro-inflammatory response characterized 

by hyperproduction of cytokines such as tumor 

necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) 

[16]. Concurrently, neutrophil function, the key first-

line cells of antimicrobial defense in the gingival 

sulcus, is impaired, reducing resistance to bacterial 

biofilm and promoting dysbiosis [17-19]. Thus, a 

vicious cycle is formed: systemic inflammation and 

immune dysfunction associated with diabetes increase 

the susceptibility of the periodontium to destruction, 

while chronic local inflammation, in turn, can 

exacerbate insulin resistance and hinder glycemic 

control [20]. 

Despite convincing evidence of a close relationship 

between diabetes and periodontitis in adults [21-23], 

the clinical picture and specific features of periodontal 

damage in adolescents with T1DM remain 

insufficiently studied. There is a lack of data on 

whether the systemic impact of diabetes manifests 

already in adolescence in the form of aggressive 

gingivitis or early signs of periodontitis, and what the 

specific features of the periodontal pocket microbiome 

and the profile of biochemical inflammatory markers 

in the oral fluid are in this category of patients [24, 25]. 
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This study aimed to conduct a comprehensive 

comparative assessment of periodontal, 

microbiological, and biochemical status in adolescents 

with type 1 diabetes mellitus, their healthy peers, and 

adolescents with periodontitis due solely to local 

factors. The objectives of the study included: 

conducting a comparative analysis of clinical 

periodontal indices; performing quantitative 

assessment of key periodontopathogenic bacteria in the 

contents of periodontal pockets; determining the levels 

of inflammation markers and bone metabolism markers 

in oral fluid; establishing correlation relationships 

between indicators of glycemic control (glycated 

hemoglobin level, HbA1c) and parameters of 

inflammation in periodontal tissues. The obtained 

results are intended to deepen the understanding of 

early dental manifestations of T1DM and to 

substantiate the need for developing targeted programs 

for periodontal monitoring and preventive 

interventions for this growing and vulnerable patient 

group. 

Materials and Methods  

Study design 

This cross-sectional comparative study was conducted 

at the clinical base of the Faculty of Pediatrics of the 

North Ossetian State Medical Academy (Vladikavkaz, 

Russia) between March and October 2025. The study 

was performed in accordance with the ethical 

principles of the Declaration of Helsinki and local 

regulatory acts [26]. Written informed consent was 

obtained from all participants aged 15 years and older, 

and from participants younger than 15 years; consent 

was obtained from their legal representatives (parents 

or guardians), considering the minor's opinion. 

Study participants 

The study included 180 adolescents aged 12 to 18 years 

(mean age 15.2 ± 1.8 years), permanently residing in 

the Republic of North Ossetia-Alania. All participants 

were divided into three clinically defined groups based 

on medical history and dental status. 

The first group (Group 1, n=80) consisted of 

conditionally healthy adolescents without a diagnosis 

of any type of diabetes mellitus or other significant 

systemic diseases affecting periodontal status (blood 

disorders, immunodeficiency states, severe systemic 

connective tissue diseases). The periodontal condition 

of participants in this group was assessed as clinically 

healthy or characterized by mild catarrhal gingivitis. 

The second group (Group 2, n=80) was formed from 

patients with a verified diagnosis of "type 1 diabetes 

mellitus" of at least one year's duration, on constant 

insulin therapy, and monitored at the Republican 

Endocrinology Center. The inclusion criterion for this 

group was a glycated hemoglobin (HbA1c) level of less 

than 8.5% to minimize the influence of carbohydrate 

metabolism decompensation on the study results [27]. 

Patients with the presence of pronounced late 

complications of diabetes (proliferative retinopathy, 

nephropathy at the CKD stage) were not included. 

The third group (Group 3, n=20) served as a control 

group with induced local inflammation. It included 

adolescents without a diagnosis of diabetes mellitus or 

significant concomitant somatic pathology, but with a 

clinical picture of generalized mild or moderate 

periodontitis associated with poor oral hygiene and the 

presence of multiple carious lesions [28]. The purpose 

of including this group was to compare microbiological 

and clinical parameters in inflammation induced 

primarily by local factors with inflammation against 

the background of systemic pathology (T1DM). 

General exclusion criteria for all groups were: ongoing 

orthodontic treatment with fixed appliances at the time 

of the study, intake of antibiotics or anti-inflammatory 

drugs within the last 3 months, and refusal to 

participate in the study. 

Clinical dental examination 

A complete dental examination was performed on each 

participant, including an assessment of periodontal 

tissue condition using standard periodontal indices 

[29]. The examination was performed by one trained 

and calibrated examiner (kappa coefficient >0.85) 

using a sterile periodontal probe PCPUNC 15 (Hu-

Friedy, USA). 

The following parameters were recorded: Silness-Löe 

Plaque Index (PI) to assess the amount of dental 

plaque; Bleeding on Probing (BOP) index, expressed 

as a percentage of the total number of sites examined; 

Papillary-Marginal-Alveolar (PMA) index in Parma 

modification; probing pocket depth (PPD) and clinical 

attachment level (CAL) at six points around each tooth. 

The Community Periodontal Index (CPI) was used for 

screening assessment [30-32]. All measurements were 

recorded in an individual periodontal chart [33-37]. 

Collection of biological samples and laboratory 

methods 

Two types of biological samples were collected from 

all participants. The first sample was oral fluid (mixed 

saliva) for the assessment of general inflammation 

markers. Collection was performed in the morning on 

an empty stomach by spitting into a sterile container for 

5 minutes. The sample was immediately centrifuged to 

separate the cellular pellet, and the supernatant was 

frozen at -70°C for subsequent analysis. 
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The second sample was a microbiological scraping 

from the periodontal pocket. In participants of Groups 

1 and 2, samples were taken from the gingival 

sulcus/shallow pocket (PPD ≤ 3 mm) in the area of the 

first molars. In participants of Group 2 (in the presence 

of pockets ≥ 4 mm) and all participants of Group 3, 

material was collected from the deepest periodontal 

pocket in each segment. Collection was performed 

using a sterile paper point No. 30, which, after being 

placed in the pocket area for 20 seconds, was 

transferred to a sterile Eppendorf-type tube with 

transport medium. 

Total DNA extraction from microbiological scrapings 

was performed using the "DNA-sorb-B" kit 

(AmpliSens, Russia) according to the manufacturer's 

instructions. Quantitative analysis of key 

periodontopathogenic bacteria content was performed 

by real-time polymerase chain reaction (RT-PCR) on a 

"Rotor-Gene Q" detection amplifier (Qiagen, 

Germany). Absolute concentrations (copies/mL) of the 

following microorganisms were determined: 

Porphyromonas gingivalis (Pg), Tannerella forsythia 

(Tf), Treponema denticola (Td), and Aggregatibacter 

actinomycetemcomitans (Aa). For amplification, 

commercial reagent kits "AmpliSens® Parodont-

screen-FL" (FBUN Central Research Institute of 

Epidemiology, Rospotrebnadzor, Russia) with 

hybridization-fluorescence detection were used. 

Calibration curves were constructed using standard 

samples of known concentration included in the kits. 

In oral fluid samples, concentrations of biomarkers of 

systemic inflammation and connective tissue 

destruction, interleukin-1 beta (IL-1β), matrix 

metalloproteinase-8 (MMP-8), and osteoprotegerin 

(OPG), were determined by enzyme-linked 

immunosorbent assay (ELISA) using commercial kits 

("IL-1β-ELISA-BEST", "MMP-8-ELISA-BEST", 

"Osteoprotegerin-ELISA-BEST", Vector-Best, 

Russia). 

Statistical analysis 

Statistical data processing was performed using the 

IBM SPSS Statistics 26.0 software package (IBM 

Corp., USA). Description of quantitative indicators is 

presented as median and interquartile range (Me [Q25; 

Q75]) due to deviation of the distribution of most 

parameters from normality, tested by the Shapiro-Wilk 

test. For comparing indicators among the three 

independent groups, the nonparametric Kruskal-Wallis 

test was used with subsequent pairwise comparison by 

Dunn's method with Bonferroni correction. Categorical 

variables were analyzed using the chi-square (χ²) test. 

To assess relationships between clinical, 

microbiological, and biochemical parameters, 

Spearman's rank correlation coefficient (ρ) was 

applied. The level of statistical significance was set at 

p < 0.05 [38-43]. 

Results and Discussion 

Clinical and laboratory examination of 180 adolescents 

revealed significant differences in periodontal status 

and associated biochemical parameters among the 

formed groups. 

Clinical and demographic characteristics of the groups 

Baseline data of the study participants are presented in 

Table 1. The groups were comparable in age and sex 

(p>0.05). As expected, the median glycated 

hemoglobin (HbA1c) level was statistically 

significantly higher in the group of adolescents with 

type 1 diabetes mellitus (T1DM), while in groups 1 and 

3 this indicator was within reference limits. The 

duration of T1DM in group 2 averaged 5.8 years. The 

group of conditionally healthy teenagers had the lowest 

Plaque Index (PI) values, which indicate high hygiene. 

Hygiene levels in groups 2 and 3 were significantly 

worse, with group 3 (periodontitis associated with poor 

hygiene) showing the highest PI values.

 

Table 1. Clinical and demographic characteristics of the examined adolescents (Me [Q25; Q75]) 

Parameter 
Group 1 

(healthy, n=80) 

Group 2 (T1DM, 

n=80) 

Group 3 

(periodontitis, n=20) 
p-value 

Age, years 15.0 [13.0; 16.0] 15.0 [14.0; 17.0] 16.0 [14.0; 17.0] 0.128* 

Male, n (%) 42 (52.5%) 38 (47.5%) 11 (55.0%) 0.741** 

HbA1c, % 5.1 [4.9; 5.3] 7.3 [6.8; 7.9] 5.2 [5.0; 5.4] <0.001* 

Duration of T1DM, years – 5.8 [3.2; 8.1] – – 

Plaque Index (PI), scores 0.8 [0.5; 1.1] 1.5 [1.2; 1.9] 2.3 [1.9; 2.6] <0.001* 

Notes: Me – median, [Q25; Q75] – interquartile range. * – Kruskal-Wallis test; ** – χ² test. Significant differences (p<0.05) between group 2 

and others are in bold. 

 

Condition of periodontal tissues 

Results of the periodontal examination are presented in 

Table 2. Despite a comparable hygiene level to the 

healthy group, adolescents with T1DM demonstrated 

significantly more pronounced signs of inflammation. 

The Bleeding on Probing (BOP) index in this group 
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was 2.5 times higher than in group 1 (p<0.001) and was 

not inferior to the same indicator in the group with 

localized periodontitis. PMA index values were also 

significantly higher in groups 2 and 3 compared to the 

control. At the same time, probing pocket depth (PPD) 

and clinical attachment loss (CAL) in adolescents with 

diabetes were significantly lower than in group 3 but 

exceeded those in healthy peers. This indicates a 

predominance of the inflammatory component 

(gingivitis) over the destructive one in T1DM patients 

against a background of systemic predisposition. 

 

Table 2. Periodontal status indicators in the examined adolescents (Me [Q25; Q75]). 

Periodontal 

Index 

Group 1 

(healthy, n=80) 

Group 2 (T1DM, 

n=80) 

Group 3 

(periodontitis, n=20) 

p-

value* 

Pairwise Comparisons 

(p<0.05) 

BOP, % 10.5 [7.0; 15.0] 25.0 [18.0; 35.0] 28.0 [22.0; 40.0] <0.001 Gr.1 < Gr.2 = Gr.3 

PMA Index, % 15.0 [10.0; 22.5] 35.0 [25.0; 48.0] 55.0 [45.0; 65.0] <0.001 Gr.1 < Gr.2 < Gr.3 

PPD, mm 2.0 [2.0; 2.5] 2.5 [2.0; 3.0] 3.5 [3.0; 4.0] <0.001 Gr.1 < Gr.2 < Gr.3 

CAL, mm 0.0 [0.0; 0.0] 0.0 [0.0; 1.0] 2.0 [1.0; 3.0] <0.001 Gr.1 = Gr.2 < Gr.3 

Notes: * – Kruskal-Wallis test. Significant differences from Group 1 are in bold. 

 

Periodontal microbiological profile 

Quantitative analysis of key periodontopathogens by 

RT-PCR revealed a differentiated picture of bacterial 

colonization (Table 3). The concentration of "red 

complex" bacteria (P. gingivalis, T. forsythia, T. 

denticola) was minimal in the healthy group. 

Adolescents with T1DM showed a statistically 

significant increase in the quantity of all three 

pathogens compared to group 1, although their median 

levels remained below the threshold of high 

pathogenicity. In contrast, the group with localized 

periodontitis (Group 3) recorded maximum 

concentrations of Pg and Tf, which is characteristic of 

a chronic inflammatory-destructive process. A. 

actinomycetemcomitans (Aa) was detected in low 

titers, with no significant intergroup differences, 

consistent with its role in aggressive rather than chronic 

forms of periodontitis. 

 

Table 3. Concentration of periodontopathogenic bacteria in periodontal pockets (RT-PCR, copies/mL × 10³). 

Microorganism 
Group 1 (healthy, 

n=80) 

Group 2 

(T1DM, n=80) 

Group 3 

(periodontitis, n=20) 

p-

value* 

P. gingivalis (Pg) 0.5 [0.1; 2.1] 5.8 [2.0; 15.0] 45.2 [21.0; 102.5] <0.001 

T. forsythia (Tf) 1.2 [0.3; 3.8] 8.5 [3.2; 20.1] 38.7 [15.4; 88.0] <0.001 

T. denticola (Td) 0.8 [0.2; 2.5] 4.2 [1.5; 10.8] 15.3 [7.1; 30.5] <0.001 

A. actinomycetemcomitans (Aa) 0.1 [0.0; 0.5] 0.3 [0.0; 1.2] 0.4 [0.0; 2.0] 0.089 

Notes: Data presented as Me [Q25; Q75]. * – Kruskal-Wallis test. Significant differences from Group 1 are in bold. 

 

Biochemical markers in oral fluid. Results of ELISA 

analysis of mixed saliva samples showed activation of 

inflammatory and destructive processes even in the 

absence of deep periodontal pockets (Table 4). The 

level of pro-inflammatory cytokine IL-1β was 

significantly increased in groups 2 and 3 compared to 

the control, with the highest values noted in 

adolescents with T1DM. The concentration of matrix 

metalloproteinase-8 (MMP-8), a marker of collagen 

degradation, was maximal in the periodontitis group, 

correlating with clinical attachment loss. However, in 

diabetic patients, MMP-8 levels were also elevated 

relative to normal. An interesting finding was the 

dynamics of osteoprotegerin (OPG): its concentration 

was highest in the healthy group and significantly 

decreased both in T1DM and, especially, in 

periodontitis, which may indicate depletion of 

protective anti-resorptive mechanisms. 

 

Table 4. Concentration of biochemical markers in oral fluid (ELISA) (Me [Q25; Q75]). 

Biomarker 
Group 1 

(healthy, n=80) 

Group 2 (T1DM, 

n=80) 

Group 3 

(periodontitis, n=20) 

p-

value* 

IL-1β, pg/mL 25.5 [18.0; 35.2] 65.8 [45.1; 90.0] 55.3 [40.0; 75.0] <0.001 

MMP-8, ng/mL 45.0 [30.0; 62.0] 85.0 [60.0; 120.0] 180.0 [135.0; 250.0] <0.001 
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Osteoprotegerin (OPG), pmol/L 8.5 [6.8; 10.5] 6.0 [4.5; 7.8] 4.2 [3.0; 5.5] <0.001 

Notes: * – Kruskal-Wallis test. Significant differences from Group 1 are in bold. 

 

Correlation analysis 

To identify relationships between glycemic control, 

periodontal inflammation, and laboratory parameters in 

the group of adolescents with T1DM, Spearman 

correlation analysis was performed (Table 5). The 

HbA1c level demonstrated a significant direct 

correlation of moderate strength with the BOP index 

and IL-1β concentration in saliva, as well as a weak 

positive association with MMP-8 level. This confirms 

that worsening metabolic control is associated with 

increased local inflammation and activation of 

destructive processes in the periodontium. 

Interestingly, diabetes duration correlated primarily 

with microbiological indicators (Tf, Td) but not with 

clinical indices, which may indicate a gradual change 

in the microbiome independent of current hygiene.

 

Table 5. Correlation relationships (Spearman's ρ) between key parameters in the group of adolescents with 

T1DM (n=80). 

Parameter 1 Parameter 2 Correlation Coefficient (ρ) p-value 

HbA1c BOP, % 0.47 <0.001 

HbA1c IL-1β in saliva 0.52 <0.001 

HbA1c MMP-8 in saliva 0.28 0.012 

T1DM duration T. forsythia concentration 0.31 0.005 

T1DM duration T. denticola concentration 0.26 0.021 

PI (hygiene) P. gingivalis concentration 0.58 <0.001 

BOP, % IL-1β in saliva 0.61 <0.001 

 

Thus, the obtained results demonstrate that type 1 

diabetes mellitus in adolescents is a significant risk 

factor for the development of pronounced gingivitis, 

characterized by dysbiosis of the periodontal 

microbiome with an increase in the pool of pathogenic 

bacteria, and accompanied by a systemic inflammatory 

response registered in oral fluid. 

This study provides convincing evidence that type 1 

diabetes mellitus in adolescents acts as an independent 

and powerful risk factor for the development of 

inflammatory periodontal pathology [44, 45]. The 

obtained data not only confirm this association but also 

reveal key pathogenetic features that distinguish the 

periodontal status of adolescents with T1DM from both 

clinically healthy peers and patients with classical 

periodontitis induced solely by local factors. 

The clinical picture in adolescents with T1DM was 

characterized by a pronounced inflammatory response 

with a relatively preserved structure of periodontal 

attachment. This is confirmed by a significant, 2.5-

fold, increase in the bleeding index (BOP: 25.0% vs. 

10.5% in the control) and an increase in the PMA index 

(35.0% vs. 15.0%) in the absence of statistically 

significant attachment loss (CAL: 0.0 mm), which was 

characteristic of the periodontitis group (2.0 mm). This 

pattern corresponds more to severe, generalized 

gingivitis rather than to established periodontitis [46-

48]. This is an extremely important observation, as it 

indicates that in adolescence, diabetes primarily 

realizes its pathogenic potential by enhancing the 

vascular-inflammatory response, rather than by 

activating destructive processes [49, 50]. Nevertheless, 

the revealed increase in pocket depth to 2.5 mm against 

the background of hyperglycemia signals the initial 

stage of pathological pocket formation, requiring 

active preventive measures [51]. 

Data from microbiological analysis and salivary 

biomarkers shed light on the mechanisms underlying 

the observed clinical changes. The established increase 

in the concentration of "red complex" bacteria, in 

particular P. gingivalis (5.8 ×10³ copies/mL vs. 0.5 

×10³ in the control), indicates the development of 

dysbiosis in the periodontal microbiome [52, 53]. 

However, this bacterial load was an order of magnitude 

lower than in the group with manifest periodontitis 

(45.2 ×10³ copies/mL), where tissue destruction is the 

leading factor. This suggests that in adolescents with 

T1DM, the microbiological shift is more a 

consequence and a sustaining factor of systemic 

inflammation, rather than its primary cause [54, 55]. 

Indirect confirmation of this hypothesis is provided by 

the identified direct correlation between HbA1c level 

and the concentration of the pro-inflammatory cytokine 

IL-1β in saliva (ρ=0.52, p<0.001) [56]. This cytokine, 

being a key mediator of inflammation in periodontitis, 

was elevated in adolescents with diabetes even more 

strongly (65.8 pg/mL) than in the localized 

periodontitis group (55.3 pg/mL). Thus, chronic 

hyperglycemia creates a kind of "inflammatory 

microenvironment" in periodontal tissues, which, in 
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turn, modulates the local immune response and the 

composition of the microflora [57-59]. 

For a visual representation of the complex interaction 

of systemic and local factors, a cause-and-effect 

diagram was compiled, presented in Figure 2. 

 

 
Figure 2. Proposed Model of the Vicious Cycle Linking Type 1 Diabetes and Periodontal Disease 

Pathogenesis. 

 

The obtained data align with modern concepts of the 

bidirectional link between diabetes and periodontitis 

[60-65]. Numerous studies conducted on adult 

populations have repeatedly demonstrated that patients 

with diabetes, especially those with poor glycemic 

control, have a 2-3 times higher risk of developing 

periodontitis, greater severity of its course, and faster 

tooth loss [66-69]. For instance, a number of large 

cohort studies have shown that a 1% increase in HbA1c 

level increases the risk of periodontitis progression by 

approximately 20-30% [70-72]. Our results, although 

obtained from a younger cohort with less pronounced 

tissue destruction, fully align with this trend: the 

correlation between HbA1c and gingival bleeding 

(ρ=0.47) clearly indicates that worsening metabolic 

control directly exacerbates inflammation in the 

periodontium already in adolescence [73-77]. 

Of particular interest are the data on osteoprotegerin 

(OPG). The decrease in its concentration in the saliva 

of adolescents with T1DM (6.0 pmol/L vs. 8.5 pmol/L 

in the control) and, especially, in the periodontitis 

group (4.2 pmol/L) indicates possible depletion of 

protective anti-resorptive mechanisms. In recent 

studies, OPG deficiency has been considered one of the 

key mechanisms linking diabetes and accelerated bone 

loss in periodontitis [78-80]. Our data suggest that this 

mechanism begins to form already at early, pre-

destructive stages [81-84]. 

The limitations of the study should be noted. Its cross-

sectional design does not allow for establishing the 

temporal sequence of events or drawing definitive 

conclusions about cause-and-effect relationships. 

Despite adjusting for hygiene level, the influence of 

behavioral factors cannot be completely ruled out. 

Nevertheless, the comprehensive approach, including 

simultaneous assessment of clinical, microbiological, 

and biochemical markers, provides a holistic 

understanding of the pathological process. 
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Thus, the results of this work confirm the hypothesis 

that type 1 diabetes mellitus in adolescents is a 

significant risk factor for the development of 

periodontal diseases. The pathogenesis is associated 

not so much with an aggressive microbial factor, but 

with the formation of a background of chronic systemic 

inflammation due to hyperglycemia, which sharply 

increases the vulnerability of periodontal tissues even 

to ordinary bacterial load. The identified correlations 

between HbA1c and inflammation markers make 

glycemic control a central element in the prevention of 

dental complications in this category of patients. The 

obtained data justify the necessity of including 

mandatory periodontal screening and preventive 

interventions in the management standards for 

adolescents with T1DM. 

Conclusion 

This study convincingly demonstrates that type 1 

diabetes mellitus in adolescents acts as a powerful 

independent risk factor for the development of 

pronounced inflammation of periodontal tissues, 

forming a clinical-pathogenetic profile distinct from 

both the norm and classical periodontitis. The key 

finding of the work is the observation that adolescents 

with T1DM exhibit an intense inflammatory reaction 

with relative preservation of supporting structures. 

This is reflected in a statistically significant increase in 

the gingival bleeding index to 25.0%, which is 2.5 

times higher than the indicators of the healthy group 

(10.5%), against the background of the absence of 

significant clinical attachment loss (CAL: 0.0 mm vs. 

2.0 mm in the periodontitis group). Thus, in 

adolescence, the pathogenic influence of diabetes is 

realized primarily through mechanisms of enhanced 

vascular-inflammatory response, which clinically 

corresponds to severe generalized gingivitis. 

Microbiological and biochemical analyses allowed the 

elucidation of the mechanisms underlying the observed 

changes. The identified dysbiosis of the periodontal 

microbiome, characterized by an increase in the 

concentration of Porphyromonas gingivalis to 5.8 ×10³ 

copies/mL (which is 11.6 times higher than in the 

control), is a significant but not a leading factor. The 

critical role is played by the systemic pro-inflammatory 

state induced by chronic hyperglycemia. This is 

confirmed by a significant increase in the level of 

interleukin-1β in oral fluid to 65.8 pg/mL and the 

presence of a strong direct correlation between 

glycated hemoglobin level and this marker (ρ=0.52, 

p<0.001). The simultaneous decrease in 

osteoprotegerin concentration to 6.0 pmol/L signals 

potential depletion of local protective anti-resorptive 

mechanisms, creating preconditions for future bone 

tissue destruction. The established relationship 

between the quality of glycemic control and 

periodontal status, where the correlation coefficient 

between HbA1c and the bleeding index was ρ=0.47 

(p<0.001), has fundamental clinical significance. 

Consequently, adolescents with type 1 diabetes 

mellitus represent a special high-risk group for 

periodontal disease, requiring the development and 

implementation of a specialized interdisciplinary 

approach to their management. The foundation of this 

approach should be mandatory regular periodontal 

screening integrated into the system of dispensary 

observation by an endocrinologist. Preventive 

measures, including motivation for ideal oral hygiene 

and professional cleanings, should be considered an 

integral part of the diabetes control strategy. Timely 

management of gingivitis in adolescence is an effective 

measure not only for preventing future tooth loss but 

also for improving overall metabolic status by breaking 

the pathogenic chain linking chronic oral and systemic 

inflammation. The obtained data justify the need to 

revise clinical protocols, highlighting dental health as 

one of the key parameters of quality of life and long-

term prognosis in patients with the onset of T1DM in 

childhood. 
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