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Mediators of Inflammation as a Link Between  
Diabetes Mellitus and Periodontal Breakdown
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Our objective was to investigate immunological changes that occur in saliva of subjects with type 2 diabetes mellitus (T2DM) without signs 
of periodontal disease and to establish if salivary inflammatory cytokines are a possible link between diabetes mellitus and periodontal 
breakdown. Material and methods. Twenty T2DM subjects with no periodontal disease and twenty healthy controls were registered for 
the present study. TNF-α and IL-6 level from saliva and serum were measured. Periodontal tissue samples were histologically examined.  
Results: TNF-α and IL-6 levels were higher in T2DM subjects compared to controls, with an extremely significant difference in saliva (p<0.001). 
Significant inflammation, affecting both epithelial and connective tissues was present in periodontal biopsies. Conclusions: The subjects 
showed an increased TNF-α and IL-6 levels, both in serum and -mostly in -saliva of diabetics without signs of periodontal disease, confirm-
ing the hypothesis of immunological implication, as a correlation between periodontal disease incidence and diabetes mellitus. Histologic 
alterations, suggesting a local inflammatory state, were present in periodontal tissue of diabetics, confirming the above hypothesis. The study 
reveals that saliva analysis is a quite efficient method in testing the periodontal breakdown progression in the subjects with T2DM.
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Introduction
Diabetes mellitus is a heterogeneous group of metabolic 
disorders that have in common hyperglycemia, bee-
ing a worldwide major health concern, as the number 
of cases of both types of diabetes are constantly increas-
ing. Chronic hyperglycemia is associated with irrevers-
ible complications such as nephropathy, retinopathy, 
neuropathy,cardiovascular diseases, peripheral vascular 
diseases,delayed healing and periodontal diseases [1]. It is 
still not completely understood the exact mechanism by 
which diabetes affects periodontal tissues [2, 3].

The aim of this study was to investigate immunologi-
cal changes that occur in the saliva of subjects with type 
2 diabetes mellitus without clinical signs of periodontal 
disease and the influence of these changes on periodontal 
tissues. We evaluated as well if salivary inflammatory cy-
tokines are a possible link between diabetes mellitus and 
periodontal tissue alteration, and if salivary cytokines can 
play the role of an indicator in the progression of peri-
odontal disease.

Material and methods
The study group included 20 type 2 diabetic subjects with-
out any clinical signs of established periodontal disease. 
Twenty systemically healthy subjects served as controls. 
Diabetics were recruited from the Puls Health Center Tg. 
Mures, without the knowledge of the patients`  glycaemic 
control level and they were chosen to participate in the 
study after a periodontal examination. The systematically 
healthy control group was recruited after a general dental 

examination, followed by a periodontal examination; they 
were chosen from the patients of the Odontology and Oral 
Pathology Department of UMF Tg Mures.

Inclusion criteria for the control group were as follow: 
≥ 20 years of age; at least 20 periodontally healthy teeth; 
no attacment level > 2 and no probing pocket depth > 
3mm. The subjects with Type 2 daiabetes were at least 20 
years old, had a minimum of 20 teeth; no major diabetic 
complications; no periodontal changes; during the last six 
months without antibiotic, corticoid or immunosuppres-
sive treatment in the medical history. Smokers, subjects 
who had medical conditions that would require antibiotic 
prophylaxis for routine dental procedures or influence the 
course of diabetes treatment were excluded from the study.

Clinical examination had the following procedure: in-
formation regarding the personal data of the subjects, 
contouring the medical history, extra- and intraoral exami-
nation. A trained clinician measured the following peri-
odontal parameters at 6 sites per tooth (mesiolingual, lin-
gual and distolingual, mesiobuccal, buccal, distobuccal), 
for all present teeth, third molars being excluded. Clinical 
parameters included: visible plaque accumulation(0 or 1), 
gingival redness (0 or 1), bleeding on probing (0 or 1), 
recession (mm) and poket depth (mm). The values were 
rounded to the nearest upper mm. 

Ethical Comity of UMF Tg. Mures approved the proce-
dure of the study as well. An informed consent was signed 
by the participants after a previous information about the 
purpose of the study.

For the detection of TNF-α and IL-6 in both saliva and 
serum, we used the same method as described in one of 
our previous studies [4]. Two ml of unstimulated saliva and 
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venous blood were collected from each enrolled subject, 
than centrifugated, the supernatant filtered and refriger-
ated until examination. ELISA-sandwich method was used 
to determine the TNF-α levels both in saliva and serum. 
For this purpose it was chosen an easily accessible immu-
noassay kit (OptEIA human TNF-α, Pharmingen, USA). 
Manufacturer`s guidelines were strictly respected. TNF-α 
levels from both the saliva and serum were compared 
trough extrapolation with TNF-α standard, given in pg/
ml. Detection of salivary and serum IL-6 levels were per-
formed using an easily accessible enzyme-linked immuno-
absorbent, sandwich ELISA test (DuoSet ELISA Develop-
ment System, R&D Systems, USA), again manufacturer`s 
guidelines were severely respected. Results were given as 
total amount of IL-6 in pg/ml.

In case of each diabetic subject blood glucose and gly-
cated haemoglobin (HbA1c) levels were determined with 
the purpose to detect their glycaemic control level.

For the statistical analysis of the data it was used the 
Mann-Whitney nonparametric test in order to determine 
if there are any statistically significant differences between 
salivary and serum levels of TNF-α and Il-6 in diabetics 
versus controls. Only p values over 0.05 were considered 
statistically significant.

From each diabetic subject, biopsy specimens were ob-
tained from a dental-periodontal unit in the posterior re-
gion of dental arches and sent for histopathology study. 
Histopathological examination was performed using for-
malin fixed, paraffin embedded tissue fragments following 
standard protocols. The specimens were sliced in 4-5 mi-
cron thick tissue sections, stained with hematoxylin-eosin 
and digitally examined using Zeiss MiraxScan system.

Results
The diabetic subjects enrolled in the study had a mean age 
of 46.73 ± 7.38, records of at least 5 years of diagnosed 
Type 2 diabetes, and each of them showed oral antidia-
betic drug treatment in the medical history.. Detection of 
HbA1c and blood glucose levels showed medium to poor 
glycaemic control in all enrolled diabetics, and and first 
degree obesity was evident in some of the patients, with a 
mean value of BMI around 27.95 (table 1). Biologic and 
clinical parameters of all subjects are presented in table 1.

Serum IL-6 levels in type 2 diabetics were significantly 
increased (p<0.001) compared to healthy controls (figure 
1). Serum TNF-α levels in diabetics were higher than in 
healthy controls, without statistical relevance (p=0.465)
(figure 2).

Both TNF-α and IL-6 levels showed a significant in-
crease in the saliva of diabetic patients compared with the 
control group (p<0.0001)(figure 3 and 4).

Data concerning the correlation between serum and 
salivary levels of both cytokines and other clinical param-
eters in diabetic subjects are presented in table 2. No sig-
nificant correlation was established, as p-value was higher 
than 0.05. 

Histological alterations in tissue sections obtained from 
diabetic patients were present in both the epithelium and 
the lamina propria of gingival tissue. Acanthosis and par-
akeratosis were noticed at epithelial level, with reduced 
quantities of acute inflammatory infiltrate composed most-
ly of polymorphonuclear leucocytes (segmented granulo-
cytes) throughout its thickness and in superficially located 
microabscesses. A diffuse polymorphous inflammatory 
infiltrate consisting of lymphocytes, plasma cells and, to a 
lesser extent, granulocytes was present in the mildly fibrotic 
lamina propria, displacing collagen fibers and surrounding  
ectatic blood vessels and exteriorized erythrocytes (figure 5 
and 6). Biopsies showed mitotic activity in the basal layer of 

Table 1. Demographic, biologic and clinical parameters of subjects 
in the study groups

T2DM (n=20) 
Mean±Std.dev.

Controls (n=20) 
Mean±Std.dev.

Age (years) 46.73±7.38 43.09±14.10

% males 40 38

BMI 27.95±2.38 25.06±4.74

Glycaemia (mg/dL) 168.46±21.63 82.61±15.65

HbA1C (%) 9.02±0.84 -

Pocket depth (mm) 2.74 ± 0.12 1.82 ± 0.24

Recession (mm) 0.14 ± 0.15 0.11 ± 0.11

% sites with:

plaque 20 ± 3 22 ± 18

bleeding on probing 13 ± 6 10 ± 8

gingival redness 5 ± 2 3 ± 5

Table 2. Correlations between serum and salivary cytokines levels 
and biologic parameters in diabetic patients.

Correlation between Cases
Correlation 
coefficient

p-value

Serum IL-6 level and age 20 0.491 0.063

Serum IL-6 level and BMI 20 0.084 0.766

Serum IL-6 level and glycaemia 20 0.098 0.727

Serum IL-6 level and HbA1C 20 0.219 0.433

Serum IL-6 and serum TNF level 20 0.345 0.208

Serum and salivary IL-6 level 20 0.500 0.057

Salivary IL-6 level and age 20 -0.296 0.284

Salivary IL-6 level and BMI 20 0.456 0.087

Salivary IL-6 level and glycaemia 20 0.465 0.081

Salivary IL-6 level and HbA1c 20 0.504 0.056

Serum TNF-α level and age 20 0.363 0.183

Serum TNF-α level and BMI 20 -0.167 0.553

Serum TNF-α level and glycaemia 20 -0.095 0.737

Serum TNF-α level and HbA1C 20 0.215 0.443

Serum and salivary TNF-α levels 20 0.674 0.006

Serum TNF-α and salivary IL-6 levels 20 0.345 0.208

Salivary TNF-α level and age 20 0.409 0.130

Salivary TNF-α level and BMI 20 -0.376 0.168

Salivary TNF-α level and glycaemia 20 0.070 0.805

Salivary TNF-α level and HbA1C 20 0.106 0.708

Salivary TNF-α and IL-6 levels 20 -0.100 0.723
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the epithelium that accompanies the inflammatory process. 
Stratum spinosum presented several cellular intra-epithelial 
vacuolization and acantholysis. In lamina propria a perivas-
cular lymphoplasmocitic infiltrate surrounded dilated cap-
illaries and venules. The connective tissue was degraded due 
to a rich inflammatory infiltrate and fibrosis. 

Discussions
The hypothesis of the study was that diabetes mellitus 
can increase salivary TNF-α and IL- levels, contributing 

to periodontal breakdown. The serum of diabetic subjects 
showed elevated TNF-α and IL-6 levels versus the healthy 
control group, but very high differences of these cytokines 
were noticed in the saliva of diabetics. Sevaral studies on 
salivary TNF-𝛼 levels did not provide any evidence of asso-
ciation with periodontal disease,  because salivary TNF-𝛼 
levels are very low or nonexistent [5-11]; only few stud-
ies reported significantly elevated salivary TNF-𝛼 levels in 
subjects with periodontitis as compared to healthy controls, 
but the levels of TNF-𝛼 were very low (<4.3 pg/mL) [12]. 

Fig. 1. Serum IL-6 in study groups

Fig. 2. Serum TNF-α in study groups
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Most of the studies on salivary IL-6 showed no association 
with periodontal disease [5, 7, 9, 10]. Opposite, in 3 re-
ports significantly elevated salivary IL-6 levels were found 
in subjects with periodontitis [8, 13, 14]. The detected sali-
vary TNF-α and IL-6 concentrations were significantly in-
creased compared with both the control group of our own 
study and the mean TNF-α and IL-6 values described by 
others in systematically healthy subjects and almost equal 
to mean levels in systematically healthy parodontopatic pa-
tients [15-17]. This confirms the hypothesis of the present 
study, that diabetes mellitus might co-induce the onset, 
progression and prognosis of periodontal disease.

In our study salivary IL-6 showed a tendecy to be simi-
lar with HbA1c and blood glucose levels, but results are 
not powerful because of the small amount of study group. 
Thus, we may postulate that detection of IL-6 level in total 
saliva might be enough to evaluate the progression  of peri-

odontal disease in case of the patients who present type 2 
diabetes mellitus.

Saliva, or more appropriate „oral liquid”, is consisted of 
exocrine secretions of the oral salivary glands, gingival crev-
icular fluid, as well as elements from dental plaque and diet 
[18, 19]. It is already known that saliva might be a source 
for identifying useful biomarkers, as well as for developing 
convenient technologies to measure these in the clinic and 
(potentially) at home [20, 21]. The abundant amount of 
this liquid, its cheep collection method and its accessibility 
through noninvasive and painless procedures make clinical 
trial involvement more attractive for the patient. Also, it 
does not require specially trained medical or dental staff for 
collection. Different markers at low levels can be detected 
in saliva, although some salivary proteins that are in high 
quantities (e.g. albumin, immunoglobulins) may interfere 
with the detection of less abundant proteins [22] 

Fig. 3. Salivary IL-6 in study groups

Fig. 4. Salivary TNF-α in study groups
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Fig. 5. Histological alterations present in both the epithelium and the lamina propria (gingival biopsy from diabetic, HE stain, 10x)

Fig. 6.  Diffuse polymorphous inflammatory infiltrate (gingival biopsy from diabetic HE stain, 20x).
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Our data suggest an important role of increased TNF-α 
and IL-6 concentrations regarding the progression of path-
ologic phenomena that characterise periodontal disease in 
diabetic subjects. The results sustain the utility of salivary 
immunologic examinations in case of periodontal disease, 
associated or not with different systemic conditions.

In our study, although no clinical signs of periodontal 
disease could be detected in diabetics, the microscopic 
changes of periodontal alterations were present. Our his-
tological findings are in concordance with previously pub-
lished data [23], and with those of other authors [24, 25], 
confirming the fact that hyperglycemia can induce altera-
tions in periodontal structures, increasing the chance of 
periodontal disease occurrence [26-30]. Chronic hyper-
glycemia leads to irreversible complications such as neu-
ropathy, retinopathy, nephropathy, cardiovascular and pe-
ripheral vascular diseases, delayed healing and periodontal 
diseases [1].

Periodontal diseases, including gingivitis (te revers-
ible form), are highly prevalent in diabetic subjects. The 
changes that involve periodontal tissue alterations are me-
diated by the interaction between pathogens and the host 
immune-inflammatory response [31]. Periodontal patho-
gens are considered to be the initiative factor of the disease 
[32], but periodontal tissue destruction  is the consequence 
of the host response to those pathogens [33]. It is still not 
fully elucidated by which exact mechanism diabetes affects 
periodontal tissue [34]. An altered immune-inflammatory 
response to bacterial pathogens has been suggested [33]. 
One means of investigating the local inflammatory status 
of the oral cavity is by analysis of saliva, a non-invasive 
approach for assessing the presence or absence of various 
inflammatory molecules. 

In present study, increased salivary TNF-α and Il-6 lev-
els were present in the same time with histological altera-
tions in periodontal tissues, both in epithelium as well as 
connective tissue. Thus, we may confirm the hypothesis 
that immunological changes are involved in pathomecha-
nism of periodontal disease in diabetic subjects. 

Diabetic subjects included in our study had a history of 
at least 5 years of type 2 diabetes, with a poorely control 
glycaemic status, immunological and histological changes 
but no clinical signs of periodontal diesase. This might due 
to the fact that the main ethiological factor of periodontal 
disease (dental plaque) was absent, most of subjects men-
taining a wery good oral hygiene.  In this case, we con-
clude that type 2 diabetes can only co-induce periodontal 
breakdown through alteration of immune-inflammatory 
response to bacterial pathogens.

The clinical relevance of our study is that salivary detec-
tion of inflammatory cytokines can be a predictive tool for 
the development of periodontitis in diabetic subjects. 

Limitations of the study are the small sample of sub-
jects and the limited number of cytokines. Further research 
should include pro-inflammatory as well as anti-inflamma-
tory cytokines, in order to get a more appropriate image 

about the complex immunological mechanism involved in 
periodontal breakdown in diabetics.

Further prospective studies are warranted to produce 
sufficient evidence to support the application of specific 
salivary biomarkers for prediction and prognosis of peri-
odontal disease among patientswith diabetes.

Conclusions
The serum and mainly the saliva of patients with diabetes 
mellitus -without signs of periodontal idease- contained 
increased levels of TNF-α and IL-6, confirming the hy-
pothesis of immunological implication, as a correlation 
between diabetes mellitus and periodontal disease. Histo-
logical alterations, suggesting a local inflammatory state, 
were present in periodontal tissue od diabetics, confirming 
the above hypothesis. The study reveals that saliva analysis 
is a quite efficient method in testing the periodontal break-
down progression in the subjects with T2DM.
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