
Central European Journal of Immunology 2013; 38(4)556

Clinical immunology DOI: 10.5114/ceji.2013.39775

Correspondence: Magdalena Napora, Department of Oral Mucosa and Periodontal Disease, Medical University of Warsaw, Miodowa 18,  
00-246 Warsaw, Poland, tel. +48 22 502 20 36, e-mail: sluzowki@wum.edu.pl

Introduction
Periodontitis is a chronic infectious disease of the oral 

cavity resulting in destruction of the tissues surrounding 
the tooth. The main cause of periodontal disease develop-
ment is dental plaque. As a result of interaction between 
bacteria contained in the plaque and the host’s tissues, an 
immune-inflammatory process begins, during which inflam-
matory mediators are released into the bloodstream. They 
are supposed to recruit the body’s immune cells, drawing 
them to the front line of the bacterial infection. However, 
many of them operate in a non-specific way, and ultimately 
also affect the development and course of other diseases.

Particularly high levels of proinflammatory cytokines, 
characteristic of periodontal disease, are observed in pa-
tients with type 2 diabetes mellitus. Type 2 diabetes is 
a group of metabolic diseases characterized by hypergly-
cemia resulting from a defect in insulin secretion or action. 
Chronic hyperglycemia in diabetes is associated with dam-

age, function disorder and, consequently, failure of various 
organs. Currently, it is believed that there is a two-way re-
lationship between periodontitis and type 2 diabetes [1, 2]. 
Inflammatory mediators produced locally in periodontal 
tissues and secreted into the bloodstream affect the course 
of diabetes, reducing the effects of insulin on cells. As a re-
sult, hyperglycemia occurs. On the other hand, hyperglyce-
mia leads to accumulation of glycoproteins that stimulate 
secretion of IL-6, TNF-α inflammatory mediators, causing 
destruction of periodontal tissues. In the course of diabe-
tes, lesions develop in distant tissues and organs. The most 
common complications of type 2 diabetes include diseases 
of the eyes, kidneys, nerves, heart and blood vessels – the 
mechanism that leads to them are lesions within small and 
large blood vessels. Now, also periodontitis is considered 
one of the complications of type 2 diabetes.

Periodontitis, as an infectious disease, can also cause 
and intensify the inflammatory process in the wall of blood 
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Abstract

Introduction: Type 2 diabetes and periodontitis are chronic diseases with a two-way interrelation-
ship. Periodontitis is a chronic inflammatory disease increasing the risk of cardiovascular complica-
tions.

Aim of the study: To assess the impact of the state of periodontal tissues on selected cardiovascular 
parameters in patients with type 2 diabetes.

Material and methods: The study included 84 patients with type 2 diabetes who were treated at the 
Clinical Department of Internal Diseases, Endocrinology and Diabetology, Central Clinical Hospital of 
the Ministry of Interior in Warsaw. The patients had the following parameters determined: periodontal 
pocket depth, clinical attachment loss, plaque index, bleeding index, IMT, LVMI and systemic arterial 
pressure.

Results: The periodontal status of patients treated for type 2 diabetes was unsatisfactory, high 
values of periodontal parameters were observed. In a follow-up observation after one year, the clinical 
condition of periodontium was significantly deteriorated. There were correlations between the number 
of teeth and clinical attachment loss on the one hand and IMT on the other hand (p < 0.05).

Conclusions: Periodontitis in patients with type 2 diabetes may impact an increase of IMT (inti-
ma-media thickness), which confirms the association between periodontitis and cardiovascular diseases.
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vessels and can contribute to the development of athero-
sclerosis and cardiovascular diseases. Bacterial species char-
acteristic of periodontitis were identified in atherosclerotic 
plaque [3]. Elevated levels of cytokines, particularly IL-6 
and TNF-α, are observed in the course of cardiovascular 
diseases associated with atherosclerosis, type 2 diabetes 
mellitus and also in the course of periodontitis [4]. For these 
diseases, there is also a common group of risk factors such 
as age, gender, tobacco smoking, stress, and obesity.

The mentioned diseases are common among the pop-
ulation. It is believed that they are somehow interrelated. 
Due to the complex nature of each of them, and to local and 
generalized phenomena developing in their course, research 
on these relationships is difficult and most researchers are 
limited to populations with only two concomitant diseases.

Until now it has not been clearly explained if periodon-
titis in patients with type 2 diabetes may impact the condi-
tion of the cardiovascular system and additionally modify 
cardiac parameters. The present work is a continuation of 
a series of studies on the relationship between periodontitis 
and systemic diseases.

Aim of the study
Assessment of the relationship between the state of 

periodontal tissues and selected cardiovascular parameters 
in patients with type 2 diabetes.

Material and methods
The study included patients with diagnosed type 2 di-

abetes who were treated at the Clinical Department of In-
ternal Diseases, Endocrinology and Diabetology, Central 
Clinical Hospital of the Ministry of Interior in Warsaw. 
From among randomly selected 250 patients, only individ-
uals with at least seven natural teeth were qualified. In this 
way 119 patients were included in the study (67 males and 
52 females), median age was 62 years (age range 39-82 
years). The median duration of type 2 diabetes was 8 years 
(range from 1 to 27 years).

Eighty four individuals out of the 119 examined re-
ported to the follow-up after one year (70.6% of the group 
taking part in the first study), including 49 males (58.3%) 
and 35 females (41.7%). Median age of the study group 
was 62.5 years (age range 39-77 years).

Statistical analysis included only those patients who 
participated in the first and second examinations (84 in-
dividuals).

The examinations were conducted in the form of 
a two-week block at the Clinical Department of Internal 
Diseases, Endocrinology and Diabetology, Central Clin-
ical Hospital of the Ministry of Interior in Warsaw. On 
the same day, each patient underwent a general medical 
and periodontal examination. It was repeated after one year 
using the same procedure.

The patients had basic periodontologic measurements 
taken. The plaque index (PI) by O’Leary was rated on four 
surfaces of the tooth (mesial, midline buccal, distal, mid-
line palatal/lingual) with the WHO-621 probe. The peri-
odontal pocket depth (PD), clinical attachment loss (CAL) 
and bleeding index (BOP) by Ainamo and Bay were calcu-
lated by measurements on six surfaces of the tooth.

Using echocardiography, the following parameters 
were determined: thickness of tunica intima and tunica 
media of the intima-media complex of the carotid artery 
(IMT), left ventricular mass LVM and left ventricular mass 
index LVMI. The LVMI value was obtained by dividing 
LMV by the body surface area (calculated on the basis of 
height and body weight). Systemic blood pressure was also 
measured. The mean blood pressure value was obtained 
from three measurements taken while the patient was in 
a resting position.

The study was conducted in accordance with the Hel-
sinki Declaration of 1973, updated in 2002, and it was 
endorsed by the Bioethics Committee. All the patients 
made themselves acquainted with an information form and 
signed their consent to the study. They were also instructed 
on oral hygiene and recommended periodontal treatment. 
All patients remained under diabetes care provided by the 
Central Clinical Hospital of the Ministry of Interior.

The obtained data were analyzed statistically using the 
PQStat package with Wilcoxon test for related groups and 
the Mann-Whitney test for unrelated groups and Spear-
man’s correlation test. The threshold for statistical signifi-
cance was set at p < 0.05.

Results
Table 1 shows the general characteristics of the study 

group in terms of cardiac parameters in the first and sec-
ond examinations. In the study group, the mean values ​​of 
cardiac parameters were within normal range for labora-
tory tests, however they were close to the upper limits. 
Hypertrophy of the left ventricular mass is observed when  
LVMI for females ≥ 125 g/m2 and when LVMI for males 
≥ 110 g/m2. IMT > 0.9 mm precedes development of ath-
erosclerotic lesions [5]. The follow-up study after one year 
showed an improvement in LVMI and IMT values, the 
differences were statistically significant.

Table 2 presents an analysis of the relationship be-
tween the clinical condition of the oral cavity and car-
diovascular parameters: the left ventricular mass index 
LVMI, indicator of atherosclerosis severity IMT and blood 
pressure value​​. There was no statistically significant cor-
relation between dental parameters on the one hand and 
the left ventricular mass index and blood pressure on the 
other hand. A negative correlation was observed between 
the number of natural teeth and IMT. More advanced ath-
erosclerotic lesions were found in patients with a lower 
number of teeth and a lower number of periodontal pockets 
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> 4 mm. Our study also demonstrated a positive correlation 
between clinical attachment loss and the gingival bleeding 
index on one hand and the IMT value on the other hand. 
There was also a positive correlation between the plaque 
index and the value of systolic blood pressure.

Discussion
Type 2 diabetes is a disease that yields systemic com-

plications of various degree, especially within the cardio-
vascular system. It is also associated with a higher inci-
dence of periodontitis. Coexistence of periodontal disease 
in patients with type 2 diabetes may influence long-term 
control of diabetes, as demonstrated in studies by Khader 
et al. [6], and Benveniste et al. [7]. The authors indicat-
ed a correlation between periodontal parameters and the 
degree of glycemic control expressed by glycosylated he-
moglobin levels, confirming the association of periodontal 
diseases with type 2 diabetes. In our study, such relation-
ship between these disease entities was also confirmed [8].

The present study assessed the relationship between the 
state of periodontal tissues and selected cardiac parameters 
in patients with type 2 diabetes. The patients who took part 

in the study were under constant diabetes and cardiac care. 
The results of echocardiography and blood pressure were 
within the normal range, but close to the upper limit. The 
patients were subjected to general medical treatment as re-
quired. In a follow-up after one year, an improvement in 
cardiac parameters was observed. There was a statistically 
significant reduction in the value of the atherosclerosis se-
verity indicator (p < 0.001).

The results of the periodontal examination were pre-
sented in detail in the previous publication in this cycle 
of study [8]. It should be mentioned that the periodontal 
status was unsatisfactory, with a high plaque index (80.5 
±16%) and bleeding index (26.8 ±13%), mean pocket 
depth was 2.8 ±0.7 mm, and mean clinical attachment loss 
equaled 4.0 ±1.4 mm.

The analysis showed a relationship between periodon-
tal parameters and the selected cardiologic parameters, in 
particular the severity of atherosclerosis. This is confirmed 
by other authors who observed an association between 
periodontitis with cardiovascular diseases, as indicated, 
inter alia, in the studies by Persson et al. and Blaizot et 
al. [10, 11]. In our study, no statistically significant cor-
relation was observed between the left ventricular mass 

Table 1. Status of cardiac parameters at baseline and after one year

Parameter Examination 1 
Mean value (SD) 

Examination 2 
Mean value (SD)

Difference after one year
(Wilcoxon test) 

IMT 0.77 (0.13) 0.79 (0.14) ns  

LVMI 99.5 (25.2) 101.1 (20.9) ns 

BPs 137.9 (12.7) 134.7 (12.8) ns

BPd 80.1 (6.8) 81.7 (8.8) ns 

Table 2. Analysis of the relationship between the periodontologic and cardiac parameters (Spearman’s test) 

Parameter LVMI IMT BPs BPr

Number of teeth ns ns 
r = –0.18 
p < 0.1 

ns

Mean PD ns ns
r = 0.27 
p < 0.05

ns

Median PD ns ns ns ns

Number of pockets ≥ 4 mm ns
r = –0.21
p = 0.05

r = 0.19 
p < 0.1 

ns

Number of pockets ≥ 4 mm with bleeding ns ns ns ns

Mean CAL ns ns ns ns

Median CAL ns ns ns ns

PI ns
r = 0.19 
p < 0.1

r = 0.37 
p < 0.001

r = 0.35 
p = 0.001 

BI ns ns 
r = 0.23
p < 0.05

r = 0.24 
p < 0.05 
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index and periodontal parameters. In the study by Frank et 
al. [12], the authors assessed the condition of periodontal 
tissues according to Offenbacher scale. Patients diagnosed 
with periodontal disease demonstrated a higher rate of 
LVMI compared to healthy subjects. Also, the study by 
Ganowicz et al. [13] indicated that patients with periodon-
titis are expected to have a more severe left ventricular 
hypertrophy.

In our own study, a negative correlation between the 
number of natural teeth and the severity of atherosclerosis 
was observed. In individuals with fewer teeth, the IMT 
value was higher. This may indicate a past ongoing in-
flammatory process in periodontal tissues, including mar-
ginal and periapical periodontium (complications of pulp 
diseases), which had an effect on the condition of blood 
vessels and development of atherosclerotic plaque. Fur-
ther development of periodontitis affected the severity of 
atherosclerosis. A consequence of progressive periodontal 
disease and lack of periodontal treatment is loss of teeth. 
Numerous missing teeth suggest that the patients in this 
study did not attach much significance to prevention and 
dental treatment, solving dental problems by means of 
tooth extractions. Similar results were obtained by Paunio 
et al. [14], who in a group of 1384 males observed twice as 
frequent incidence of coronary heart disease in individuals 
with less than half remaining teeth.

Our own study demonstrated a positive correlation be-
tween clinical attachment loss and severity of atheroscle-
rosis. A higher value of clinical attachment loss indicates 
advanced periodontal disease and is a summary indicator 
of the current course of the disease, because spontaneous 
regeneration of the attachment is infrequent. Therefore, 
it may be concluded that higher clinical attachment loss 
means for the patient, a longer or stronger exposure to the 

markers of inflammation, bacterial toxins, and any other 
compounds released in the course of periodontitis. In the 
study group, patients with advanced periodontitis demon-
strated also more advanced atherosclerotic lesions. Similar 
results were obtained by Frank et al. [15], who observed 
a relationship between periodontal disease and the sever-
ity of atherosclerosis. A clinical trial by Włosowicz [16], 
conducted among patients hospitalized due to ST segment 
elevation myocardial infarction and non-ST segment ele-
vation myocardial infarction, also indicated a significant-
ly thicker IMT in the group with advanced periodontal 
disease compared to the group with mild periodontitis. 
The author observed a significantly higher value of in-
tima-media thickness in edentulous patients. A study by 
Desvarieux et al. [17] demonstrated a relationship between 
the number of missing teeth and presence of atherosclero-
sis in the carotid artery. Progressive periodontal tissue in-
flammation and clinical attachment loss lead to loosening 
and loss of teeth. Presence of inflammatory markers and 
periopathogens at this time can affect the development of 
atherosclerotic lesions. Lack of teeth may be a marker of 
past periodontitis which during its course initiated the de-
velopment of subclinical atherosclerosis. Such a relation-
ship is also confirmed by the results of research conducted 
by Zaremba et al. [18], in which the authors observed the 
presence of bacteria typical of periodontitis in atheroscle-
rotic plaque in both toothed and edentulous subjects.

In our study, a statistically significant correlation  
(p = 0.01) between bleeding of gingiva and thickness of 
the intima-media complex was observed. Bleeding is one 
of the primary symptoms of inflammation currently on-
going in periodontium. In a study carried out by Frank et 
al. [15], a higher IMT was observed in BGI-P2 patient 
group compared with BGI-P1 patient group according to 

�Table 3. Analysis of the relationship between the periodontologic parameters and cardiovascular system status in 
one-year follow-up (Spearman’s test)

Parameter LVMI IMT BPs BPr

Number of teeth ns
r = –0.26 
p < 0.05 

ns
r = –0.20 
p < 0.1 

Mean PD ns ns ns ns

Median PD ns ns ns ns

Number of pockets ≥ 4 mm ns ns ns ns

Number of pockets ≥ 4 mm with bleeding ns ns ns ns

Mean CAL ns
r = 0.24 
p < 0.05 

ns ns

Median CAL ns
r = 0.24 
p < 0.05 

ns ns

PI ns ns 
r = 0.22 
p < 0.05 

r = 0.19 
p < 0.1 

BI ns
r = 0.25 
p < 0.05 

ns ns
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Offenbacher classification. The BGI-P2 group demon-
strated periodontal pocket depth PD ≥ 4 mm and bleeding 
index BOP 10-50%. Higher IMT was observed in patients 
with an elevated level of the bleeding index. In a study by 
Söder et al, higher IMT was characteristic of patients with 
the elevated bleeding index. In patients with gingivitis and 
periodontitis the authors observed a significantly higher 
IMT value, compared with patients without inflammation 
within periodontal tissues [19]. Emingil et al. demonstrat-
ed a correlation between periodontal tissue inflammation 
and advanced atherosclerotic lesions of the cardiovascular 
system leading to acute myocardial infarction (AMI). The 
authors found a relationship between the bleeding index 
and periodontal pocket depth ≥ 4 mm on the one hand and 
the occurrence of acute myocardial infarction on the other 
hand [20].

Different results were obtained by Lopez-Jornet et al. 
[21]. The authors found no statistically significant correla-
tion between the bleeding index and the severity of athero-
sclerosis (expressed by IMT). Analyzing the relationship 
between the bleeding index and presence of atheroscle-
rotic plaque, the authors found no significant correlation 
between presence or absence of plaque and the bleeding 
index.

Cario et al. suggest the presence of subclinical athero-
sclerosis in patients with periodontitis [22]. Also a study 
conducted by Beck et al. confirmed an association between 
periodontitis and thickness of the intima-media complex 
[23]. The authors observed a higher IMT value in patients 
with periodontal disease.

In our study, no statistically significant correlation 
between periodontal parameters and the value of system-
ic blood pressure was observed. There was only a statis-
tically significant relationship between the plaque index 
and the value of systolic blood pressure. A high plaque 
index may indicate presence of many species of bacteria 
in periodontal pockets. According to the specific bacterial 
plaque theory, presence of periopathogens can be expected 
in bacterial plaque. This may suggest an existing link be-
tween bacteria typical of periodontitis and atherosclerosis 
progression with narrowing of the arteries, leading to an 
increase in systemic pressure. Research by Desvarieux et 
al. [24] indicated a direct relationship between the level of 
bacteria in subgingival plaque and arterial hypertension.

A study by Selvin et al. showed that diabetes and its 
associated metabolic misalignment are related to a high 
risk of cardiovascular diseases [25]. The risk is increased 
in patients with type 2 diabetes due to multiple risk fac-
tors: elevated levels of cholesterol and triglycerides, hy-
pertension, smoking and obesity. One of complications of 
type 2 diabetes is periodontitis, which – as demonstrated 
in research by Janket – even in patients without concomi-
tant systemic diseases may constitute a risk of developing 
diseases of the cardiovascular system [26].

In a study conducted on Pima Indians with type 2 di-
abetes and concomitant periodontitis, a higher risk of car-
diovascular diseases and death was observed [27].

Therefore, it appears that periodontal disease may be 
an independent risk factor for cardiovascular diseases. 
Such a conclusion was reached in a study by Blaizot et al., 
however the direct influence of periodontitis on the condi-
tion of the cardiovascular system, was not explained [28].

The present work confirms an association between car-
diovascular disease and periodontitis, also in population 
additionally burdened with type 2 diabetes. Particularly 
a correlation between past (CAL) and present (BOP) peri-
odontitis and severity of atherosclerosis (IMT) was clearly 
demonstrated. Notably, this correlation is strong, despite 
subjecting the patients to treatment of systemic causative 
diseases.

The demonstrated correlations between periodontal 
and cardiac parameters once again draw attention to the 
need of providing special dental care to patients with type 
2 diabetes. Even the underlying disease carries a risk of 
many serious complications. Adding an additional compo-
nent, which is periodontitis, can lead to increased cardio-
vascular complications.
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