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INTRODUCTION
Type I diabetes mellitus is an autoimmune disease in 
genetically susceptible individuals, which leads to the de-
struction of pancreatic β-cells. It leads to absolute insulin 
deficiency [1, 2].

The data of Ukrainian researchers indicate that 8-10 % of 
all patients with type I diabetes mellitus are children, that 
is, one child out of every 500 and, accordingly, one out of 
200 adolescents in Ukraine suffer from diabetes mellitus.

Dental manifestations of diabetes are noted in the over-
whelming majority of patients, and some dentists indicate 
organs and tissues of the oral cavity are damaged in 100% 
of cases [1 - 4].

The presence of type I diabetes mellitus in children is 
the main risk factor for the occurrence of inflammatory 
periodontal diseases. Metabolism in the periodontal tis-
sues is disturbed due to hypoglycemia, which leads to the 
progression of inflammatory and degenerative processes 
in the oral cavity [1, 3 - 5]. The common features for en-
docrinological diseases and periodontal pathologies are: 
angiopathy (namely at the level of vascular microcircula-
tory trackt), metabolic disorders, changes in claim of lipid 
peroxidation, autoaggression and occurrence of secondary 
immunodeficiency [6 - 9].

It is also known, that type I diabetes affects oral homeo-

stasis. Several studies have shown the prevalence of gum 
disease in diabetic patients. Hygienic indices, periodontal 
indices, bleeding indices – all these indicators are increased 
in groups of adolescents with type I diabetes [2].

Oral fluid consists of mixed saliva, that is, a mixture 
of secretions from three pairs of large glands and many 
small ones in the oral cavity. It is a biological fluid that 
has great potential for scientists to study [10 - 12]. In 
addition to the fact that the composition of the oral fluid 
can change in the presence of systemic diseases (especially 
those that affect the function of the salivary glands) [13]. 
The possibility of simple, safe and non-invasive collection 
of the test material is valuable. This fluid is suitable for 
studying many biochemical parameters, for example, 
cytokines [8, 14, 15].

Periodontal monocytes, macrophages, fibroblasts, en-
dothelial cells respond to microorganisms, lipopolysac-
charides and other antigens of dental plaque, they secrete 
numerous chemokines and inflammatory cytokines [8, 
14, 16, 17]. The final products of glycolysis accumulate 
in monocytes due to hyperglycemia [3 - 5]. They increase 
oxidative stress in cells and activate transcriptional nuclear 
factor kappa B [18], which influences the phenotype of 
macrophages and leads to increasing the production of 
inflammatory cytokines (such as IL-18) [2, 17, 19].
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ABSTRACT
The aim: Of our research work was to study the level of proinflammatory interleukin-18 (IL-18) in the oral fluid of children with type I diabetes mellitus (DM), and to determine 
their periodontal status and the level of oral hygiene.
Materials and methods: 82 children were examined, they were divided into groups by presence of gingivitis and diabetes mellitus. The level of interleukin-18 in oral fluid 
was determined by immunoassay.
Results: In patients with chronic catarrhal gingivitis and type I diabetes mellitus the level of interleukin-18 in oral fluid is the highest (70.91±7.48 pg / ml); the level of 
interleukin-18 in children with diabetes mellitus and healthy gums is high enough too, it is 14.87±1.11 pg / ml. Interleukin-18 is 3.41±0.25 pg / ml in healthy children with 
healthy gums. It is 5.74±0.27 pg / ml in somatically healthy children with chronic catarrhal gingivitis.
Conclusions: We indicated that an increase in the value of interleukin-18 in oral fluid is associated with the presence of diabetes mellitus in children. Moreover, this cytokine 
can be considered as a potential biomarker of gum inflammation in children with diabetes mellitus.
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THE AIM
The aims of this scientific work were to determine the 
dental status and to study the content of proinflammatory 
interleukin-18 (IL-18) in the oral fluid in primary school 
children with insulin-dependent diabetes mellitus.

MATERIALS AND METHODS
82 children aged from six to twelve years old were ex-
amined (56 children with type I diabetes mellitus and 26 
children without concomitant somatic diseases) during 
our research work.

Participants of the study and / or their caregivers (par-
ents) responded to the questions about their childrens’ 
dental and health status. We determined the index of 
hygiene according to Fedorov-Volodkina (1968) and sim-
plified hygiene index OHI-S (Green, Vermillion, 1964). 
Periodontal index was assessed using the PMA index 
(papillary-marginal-alveolar index) modified by Parma 
(1960), which helps to assess the severity of gingivitis. 

Bleeding index was determined according to Loe, Silness 
(1967), (it is also called gingival index (GI)), and according 
to Muhleman H.R. (1971). Both indices give an indication 
of severity of gingivitis.

The content of IL-18 in the oral fluid was determined to 
characterize inflammation in the organs of the oral cavity. 
Determination of the concentration of IL-18 in the oral 
fluid was performed by ELISA. An unstimulated oral fluid 
was taken on an empty stomach in the morning, at the same 
time. Patients were asked to rinse the mouth beforehand. 
The sampling was made by spitting 4 ml of oral fluid into 
plastic sterile tubes. They were hermetically sealed, carried 
out after 30 minutes. The collected oral fluid was delivered 
to the laboratory.

The study of IL-18 in the oral fluid was carried out by 
adding the test material in parallel with the control samples 
into special containers with immobilized antibodies. The 
binding of IL-18 with conjugate No. 1, wich contained an-
tibodies to human IL-18 with biotin was done at the next 
stage. The new conjugate was formed as a result, then it 
interacted with the conjugate No. 2, which contained strep-
tovidine with horseradish peroxidase. The concentration 
of IL-18 in the oral fluid was determined by colorimetric 
reaction. This reaction was done, by using the substrate 
horseradish peroxidase-hydrogen peroxide and chromo-
gen-tetrametilbenzidine by enzyme immunoassay analyzer 
STATFax 303 Plus (USA) at a wavelength of 450 mm.

The exclusion criteria were: children who had prior 
orthodontic treatment or were undergoing orthodontic 
treatment at the time of examination; smoking; treatment 
of periodontium or antibiotic therapy in the last 6 months; 
any other systemic diseases, except diabetes mellitus; erup-
tive gingivitis. We also excluded children with diabetes 
mellitus with any other complications than periodontal 
inflammation.

The results of the study were statistically processed 
using the methods of the standard package for statistical 
calculations Statistica 5.0 Microsoft Office Exel 2003. We 

calculated such statistical variables as mean values (M) 
and standard error of the average value (m). We used the 
t-criterion of Student to compare mean absolute values. The 
difference in results was considered statistically significant, 
if the value of index was p≤0.05

Our research work was performed in compliance with 
the principles of bioethics and legal norms and require-
ments of clinical / biomedical research, namely: the 
Declaration of Helsinki (1964-2013), the Constitution of 
Ukraine and the Civil Code of Ukraine (2006), Funda-
mentals of Legislation of Ukraine on Health Care (1992), 
Guidelines for Clinical Trials of the Ministry of Health of 
Ukraine № 42-7.0: 2005 “Drugs. Clinical Practice” (2005), 
Model Regulations on Ethics commissions at medical 
institutions (Order of the Ministry of Health of Ukraine 
№ 690 of September 23, 2009).

RESULTS AND DISCUSSION
All the patients were divided into the following subgroups:

Group 1 – 13 children with clinically healthy periodon-
tium and no concomitant diseases;

Group 2 – 13 children without concomitant diseases, but 
with chronic catarrhal gingivitis;

Group 3 – 26 children with type I diabetes mellitus and 
healthy gums;

Group 4 – 30 children with type I diabetes mellitus and 
chronic catarrhal gingivitis.

We have determined the hygienic status of the oral cavity, 
the state of the periodontium and the content of IL-18 in 
the oral fluid of children. The data are shown in Table I.

The index of hygiene according to Fedorov-Volodkina 
in the group of somatically healthy children without 
chronic catarrhal gingivitis is 1.48±0.05 points, which 
corresponds to good hygiene of the oral cavity (Table 1). 
The Fedorov-Volodkina hygiene index is slightly worse 
and is, respectively, 1.84±0.06 points and 1.65±0.07 
points, which can be interpreted as a satisfactory level in 
somatically healthy with chronic catarrhal gingivitis and 
children with type I diabetes mellitus without chronic 
catarrhal gingivitis. The above index is 2.20±0.08 points, 
which corresponds to unsatisfactory oral hygiene in the 
group of patients with type I diabetes mellitus and chronic 
catarrhal gingivitis. Such a value can be explained by the 
fact that bleeding of the gums, their edema and pain in 
children with type I diabetes mellitus does not allow to 
make oral hygiene qualitatively.

The results of the simplified index of oral hygiene OHI-S 
(Green-Vermillion) confirm the identified trend. This 
index is 0,69±0,06 points in somatically healthy children 
with healthy gums, that is good level of hygiene. The OHI-S 
(Green-Vermillion) is 0,88±0,07 points I children with type 
I diabetes mellitus and healthy gums and 1,60±0,06 points 
in somatically healthy children with chronic catarrhal 
gingivitis, that is the satisfactory level of hygiene. OHI-S 
in the group of children with type I diabetes mellitus and 
chronic catarrhal gingivitis is 1.87±0.05 points, and it can 
be interpreted as bad level of hygiene.
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We compared the values of hygiene indices according 
to Fedorov-Volodkina and according to the simplified 
hygiene index OHI-S (Green-Vermillion). A statistically 
significant difference (p≤0.05) was found when comparing 
groups 1 and 2, 3 and 4, 2 and 4, 1 and 4, but it was not 
found (p≥0.05) between groups 1 and 3 (in children with 
healthy gums with type I diabetes mellitus and without 
type I diabetes mellitus).

This fact confirms the opinion of some authors, who 
note that the hygiene index does not differ significantly 
in patients with type I diabetes mellitus and in the control 
group of persons [2]. However, it contradicts the opinion 
of others, who found that the value of the hygiene index 
in patients with insulin-dependent diabetes mellitus (es-
pecially with poor metabolic control) was significantly 
higher than in healthy patients [4].

Our studies showed a statistically significant difference 
between the control group and patients with type I diabe-
tes mellitus regarding periodontal indices and bleeding 
indices. Our results correspond with existing data in the 
scientific literature [2]. Inflammatory processes in the peri-
odontium of children and adults with diabetes mellitus is 
elevated, therefore it is very important to recognize them 
and diagnose them early [1, 4].

The periodontal index and bleeding indices in children 
without chronic catarrhal gingivitis (both somatically 
healthy and children with type I diabetes mellitus) are equal 
to zero, and confirm the absence of inflammation. PMA is 
20.50±0.83 % in somatically healthy children with chronic 
catarrhal gingivitis; gingival index (GI) according to Loe, 
Silness is 0.84±0.05 points; and bleeding index according to 
Muhleman H.R. is 0.71±0.05 points. These findings corre-
spond to mild gingivitis. The complex of above-mentioned 
indices evidences that the severity of gingivitis in children 
with type I diabetes mellitus is moderate. Namely, PMA is 
40.47±0.96 %, gingival index (GI) according to Loe, Silness 
is 1.83±0.04 points, bleeding index according to Muhleman 
H.R. is 1.07±0.05 points.

The defense mechanisms in patients with diabetes are 
altered. Children with this endocrine pathology suffer 
from increased exudation (edema) of the gums and note 
an increase in bleeding of the gums along with the devel-
opment of the underlying disease compared to healthy 
children of the same age.

The level of IL-18 is 3.41±0.25 pg / ml in the oral fluid 
of healthy children with healthy gums. It is 5.74±0.27 pg / 
ml in somatically healthy children with chronic catarrhal 
gingivitis. The level of IL-18 in the oral fluid is much higher 

Table I. Condition of periodontium, oral hygiene and content of IL-18 in the oral fluid of somatically healthy children and children with type I diabetes

Indicators

Group

Healthy children 
with healthy gums

n = 13

Healthy children 
with chronic 

catarrhal gingivitis
n= 13

Children with  
type I diabetes mellitus 

and healthy gums
n = 26

Children with  
type I diabetes mellitus and 
chronic catarrhal gingivitis

n = 30

1 2 3 4

Hygiene index (F-V), 
points

1.48 ± 0.05
*

*****

1.84 ± 0.06
****

1.65 ± 0.07
*** 2.20 ± 0.08

OHI-S 
(G, V), points

0.69 ± 0.06
*

*****

1.60 ± 0.06
** **

0.88 ± 0.07
*** 1.87 ± 0.05 

PMA, %
0
*

*****

20.52 ± 0.83
****

0
*** 40.47 ± 0.96

GI (S, L), points
0
*

*****

0.84 ± 0.05
****

0
*** 1.83 ± 0.04

Bleeding index 
(Muhleman H.R.), points

0
*

*****

0.71 ± 0.05
****

0
*** 1.07 ± 0.05

IL-18, pg / ml

3.41 ± 0.25
*
**

*****

5.74 ± 0.27
*** *

14.87 ± 1.11
*** 70.91 ± 7.48

Note:
* - the difference is significant between groups 1 and 2, p≤0.05;
** - the difference is significant between groups 1 and 3, p≤0.05;
*** - the difference is significant between groups 3 and 4, p≤0.05;
**** - the difference is significant between groups 2 and 4, p≤0.05;
***** - the difference is significant between groups 1 and 4, p≤0.05.
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and it is 14.87±1.11 pg / ml in the group of children with 
type I diabetes mellitus and healthy gums. Its level is really 
high - 70.91±7.48 pg / ml in the group of patients with 
type I diabetes mellitus and chronic catarrhal gingivitis. 
Statistically significant difference (p≤0,05) is detected after 
comparing all the groups (1 and 2, 1 and 3, 3 and 4, 2 and 
4, 1 and 4) with each other.

It should be noted that no statistically significant differ-
ence was found when we compared the periodontal and 
bleeding indices in groups 2 and 4 (children with healthy 
gums without type I diabetes mellitus and with type I dia-
betes mellitus) (p≥0.05). But when comparing the values 
of the level of proinflammatory IL-18 in the oral fluid of 
children from the above groups, a statistically significant 
difference was found (p≤0.05).

CONCLUSIONS 
Our results coincide with the data of Ukrainian, Russian 
and foreign literature sources about the relationship be-
tween type I diabetes mellitus and gingivitis.

The level of IL-18 grows along with the periodontal 
index, gingival index and bleeding index, both in the 
groups with insulin-dependent diabetes mellitus and in 
the control groups. Our results concur with the data of 
other scientific works about the level of IL-18 in the oral 
fluid of children and adults [17, 19]. The results of our 
study indicate that an increase in the value of IL-18 in the 
oral fluid is closely associated with the presence of type 
I diabetes in children.

Moreover, from our point of view, IL-18 can be consid-
ered as a potential biomarker of inflammation in periodon-
tium in children with type I diabetes mellitus, when the 
clinical manifestations are not visible. We determined that 
the level of IL-18 is elevated even when there is an absence 
of clincal manifestations of gum inflammation. So, the 
study of the topic of the cytokine profile in children with 
type I diabetes mellitus deserves further consideration. 
New methods for the prevention and treatment of gingivitis 
should be developed, taking into account above-mentioned 
link in pathogenesis.

REFERENCES
	 1. 	�Keles S., Anik A., Cevik O. et al. Gingival crevicular fluid levels of 

interleukin-18 and tumor necrosis factor-alpha in type 1 diabetic 
children with gingivitis. Clin Oral Investig. 2020;24(10):3623-3631.

	 2.	� Toma V., Cioloca D.P., Forna D.A. et al. IL 18 as an important gingival 
inflammatory biochemical marker in children and adolescents 
with insulin-dependent diabetes mellitus. Rev.Chim. (Buharest). 
2016;67(12):2545-2551.

	 3.	� García-Hernández A.L., Muñoz-Saavedra Á.E., González-Alva P. et 
al. Upregulation of proteins of the NLRP3 inflammasome in patients 
with periodontitis and uncontrolled type 2 diabetes. Oral Dis. 
2019;25(2):596-608.

	 4.	� Techatanawat S., Surarit R., Chairatvit K. et al. Salivary and serum 
interleukin-17A and interleukin-18 levels in patients with type 
2 diabetes mellitus with and without periodontitis. PLoS One. 
2020;15(2):1-16.

	 5.	� Pepelassi E., Xynogala I., Perrea D. et al. The effect of experimental 
periodontitis, experimental diabetes and their combination on the 
serum levels of adiponectin, leptin, IL-6, IL-18, MCP-1, RANTES and 
sICAM-1 in rats. J IntAcadPeriodontol. 2020;22(1):1-10.

	 6.	� Chen J., Liu F., Lee S.A. et al. Detection of IL-18 and IL-1β protein and 
mRNA in human oral epithelial cells induced by Campylobacter concisus 
strains. BiochemBiophys Res Commun. 2019;518(1):44-49.

	 7.	� Chitrapriya M.N., Rao S.R., Lavu V. Interleukin-17 and interleukin-18 
levels in different stages of inflammatory periodontal disease. Journal 
of Indian society of periodontology. 2015;19(1):14-17.

	 8.	� Fleetwood A.J., Lee M.K.S., Singleton W. et al. Metabolic Remodeling, 
Inflammasome Activation, and Pyroptosis in Macrophages Stimulated 
by Porphyromonas gingivalis and Its Outer Membrane Vesicles. Front 
Cell Infect Microbiol. 2017;7:351.

	 9.	� Shan C., Ma T., Wang T.T. et al. Association of Polymorphism in IL-18 Gene 
with Periodontitis in Uyghur Adults in Xinjiang and Evidence from Six 
Case-Control Studies with a Comprehensive Analysis. Immunol Invest. 
2020:1-20.

	 10.	� Kovalenko V.V., Tkachenko I.M., Nazarenko Z.Y. et al. The study of oral 
fluid dynamic parameters on the background of pathological and 
physiological dental abrasion. Wiadomosci Lekarskie. 2019; 72(7):1315-
1319.

	 11.	� Leblebicioglu B., Alssum L., Eubank T.D. et al. Wound Fluid Cytokine 
Profile Following Bone Regeneration Procedures. J Oral Implantol. 
2020;46(2):107-113.

	 12.	� Nair V., Bandyopadhyay P., Kundu D. Das S. Estimation of interleukin-18 
in the gingival crevicular fluid and serum of Bengali population 
with periodontal health and disease. J Indian SocPeriodontol. 
2016;20(3):260-264.

	 13.	� Mahajani M.J., Jadhao V.A., Wankhade P.S. et al. Effect of Periodontal 
Therapy on Crevicular Fluid Interleukin-18 Level in Periodontal Health 
and Disease in Central Maharashtra (India) Population. J Contemp Dent 
Pract. 2017;18(11):1085-1089.

	 14.	� Aral K., Berdeli E., Cooper P.R. et al. Differential expression of 
inflammasome regulatory transcripts in periodontal disease. J 
Periodontol. 2020;91(5):606-616.

	 15.	� Basic A., Alizadehgharib S., Dahlеn G., Dahlgren U. Hydrogen sulfide 
exposure induces NLRP3 inflammasome-dependent IL-1β and IL-18 
secretion in human mononuclear leukocytes in vitro. ClinExp Dent Res. 
2017;3(3):115-120.

	 16.	� Basic A., Serino G., Leonhardt А., Dahlén G. H2S mediates increased 
interleukin (IL)-1β and IL-18 production in leukocytes from patients 
with periodontitis. J Oral Microbiol. 2019;11(1):1-9.

	 17.	� Marchesan J.T., Girnary M.S., Moss K. et al. Role of inflammasomes in 
the pathogenesis of periodontal disease and therapeutics. Periodontol 
2000. 2020;82(1):93-114.

	 18.	� Wang F., Guan M., Wei L., Yan H. IL‑18 promotes the secretion of matrix 
metalloproteinases in human periodontal ligament fibroblasts by 
activating NF‑κB signaling. Mol Med Rep. 2019;19(1):703-710. 

	 19.	� Yasuda K., Nakanishi K., Tsutsui H. Interleukin-18 in Health and Disease. 
Int JMol Sci. 2019;20(3):649.

	
Our research work was carried out with the Pediatric Chair 
No 2 (Ukrainian Medical Stomatological Academy) as a part 
of scientific work, named “Studiing the pathological mech-
anisms of the implementation of most common diseases in 
children age, optimizing of their diagnosing and treatment” 
(2017-2021; number of state registration 0117U004683). 



Alina I. Maksymenko et al. 

1340

Also our work was carried out within the framework of 
Research Institute of Genetic and Immune Foundations 
for the Development of Pathology and Pharmacogenetics 
of Ukrainian Medical Stomatological Academy, named 
“Development of treatment methods of inflammations in 
maxillofacial areas aimed on polarization of macrophage 
subpopulations” (2017-2021; state registration number 
0117U005251).

ORCID and contributionship: 
Alina I. Maksymenko: 0000-0002-9791-0873 A

Olga V. Sheshukova: 0000-0002-4739-4890 F

Iryna O. Kuz: 0000-0003-0287-4783 B, D

Natalia A. Lyakhova: 0000-0003-0503-9935 C

Iryna M. Tkachenko: 0000-0001-8243-8644 E

Conflict of interest: 
The Authors declare no conflict of interest. 

CORRESPONDING AUTHOR
Iryna O. Kuz
Poltava State Medical University
23 Shevchenko st., 36024 Poltava, Ukraine
tel: +380684616494
e-mail: kuz.irina.irinovna@gmail.com

Received: 14.11.2020
Accepted: 28.04.2021

A - Work concept and design, B – Data collection and analysis, C – Responsibility for statistical analysis, 

D – Writing the article, E – Critical review, F – Final approval of the article


