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Abstract
The possibility of a connection between oral cavity and systemic diseases has been intensively
researched in recent years. The aim of this study was to compare the serum levels of highsensitivity C reactive protein (hs-CRP), interleukin-1 beta (IL-1β), interleukin-6 (IL-6) and tumour
necrosis factor-alpha (TNF- α) between patients with and without periodontitis.
Clinical periodontal parameters: gingival index, the dental plaque index, the probing depth, the
clinical attachment level, the bleeding index and the tooth mobility index were measured at six sites
per tooth in seventy-five subjects with periodontitis and in thirty-five periodontally healthy subjects.
Serum levels of hs-CRP and inflammatory cytokines were assessed via Enzyme-Linked
ImmunoSorbent Assay. Inter-group significance was determined by the Student’s t-test, x2-test and
Mann-Whitney test.
The concentrations of each biomarker (control group vs. periodontal disease group) were as
follows: hs-CRP (0.5 ± 0.6 vs. 2.5 ± 2.6, respectively), IL-1β (2.1 ± 2.2 vs. 7.0 ± 11.6, respectively),
IL-6 (1.9 ± 1.6 vs. 3.7 ± 4.4, respectively) and TNF- α (64.6 ± 72.3 vs. 80.0 ± 73.1, respectively).
The differences between the groups showed statistical significance at p < 0.05.
Periodontal disease was associated with increased circulating concentrations of hs-CRP and
inflammatory cytokines.
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Introduction
Periodontitis is an infectious disease
resulting in the inflammation of gingival and
periodontal tissues and the progressive loss of
alveolar bone. It has also been considered a risk
for a variety of systemic conditions, including
cardiovascular disease, diabetes mellitus,
rheumatoid arthritis, and respiratory disorders.1
The link between periodontal inflammation and
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systemic health has yet to be fully elucidated;
although, a low-grade inflammatory burden has
been proposed as a possible biologic mechanism
linking periodontitis and the abovementioned
conditions.2 During periodontitis, bacteria and
their metabolic by-products stimulate a local
cellular immune response represented by a
dense infiltration of neutrophils, macrophages
and other lymphoid cells. These cells, and the
connective tissue cells of the host associated
with the inflammatory lesion, are thereby
stimulated, resulting in the synthesis and release
of the following proinflammatory cytokines and
prostanoids: interleukin–1β (IL-1β), interleukin–6
(IL-6), interleukin 8, tumour necrosis factor-alpha
(TNF- α), prostaglandin E2 and various matrix
metalloproteinase’s. Their vascular distribution
via the vascular circulatory system induces the
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prediction of liver-derived markers of a systemic
inflammatory reaction, such as C-reactive protein
(CRP).3
The excessive release of inflammatory
cytokines in diseased periodontal tissues
contributes to the overall pool of serum cytokines,
which promotes systemic diseases.
Many studies have compared circulating
IL-6
and
CRP
concentrations
between
periodontal patients and controls, with several
studies showing higher circulating serum levels
of CRP, IL-1, and IL-6 in patients with severe
periodontitis
than
in
unaffected
control
populations.4, 5
The effects of destructive periodontal
disease status, severity and progression on the
components of the acute phase response have
also been determined. The results of these
studies suggest that destructive periodontal
disease and disease progression are associated
with changes in various serum components
consistent with an acute phase response. CRP
levels were observed to increase with disease
progression.6
Elevated circulating levels of TNF- α, IL-6
and CRP have been correlated with an increased
risk of the development of cardiovascular
diseases and other systemic disorders.7, 8
Because severe periodontitis has been
associated with increased serum levels of TNF-α,
IL-1β, IL-6 and CRP, a role for periodontal
diseases as potential contributors of general
inflammation and development of systemic
disease has been suggested.9,10
The aim of this study was to compare the
serum levels of high-sensitivity C – reactive
protein (hs-CRP), IL-1β, IL-6 and TNF- α
between periodontitis patients and periodontally
healthy subjects and to assess the degree to
which periodontal injury relates to inflammatory
mediator levels.
Methods and Materials
This pilot study recruited 110 subjects
referred to the Department of Periodontology and
Oral Medicine in University Dentistry Clinical
Center of Kosovo.
The following patients were excluded from
this study: those with known systemic disease,
those with history of infective disease, those on
systemic antibiotic treatment in the preceding 3
months, those receiving treatment with any
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medications known to affect the serum levels of
inflammatory markers, pregnant or lactating
females, those receiving periodontal treatment
within the preceding 6 months and those with
fewer than 10 teeth in the mouth.
All patients gave written informed consent.
The study had been reviewed and approved by
the University Dentistry Clinical Center of Kosovo
Joint Ethics Committee (no 1551).
The periodontal assessments were
conducted by two calibrated periodontists (ZSD
and KM) with an inter-examiner reliability of
kappa = 0.88. The two periodontists also
collected complete medical histories of all
patients.
A full-mouth periodontal examination was
conducted and the following variables were
determined: gingival index (Löe-Sillness) [11],
plaque index (Sillness-Löe) [12], probing depth
(PD), clinical attachment level (CAL) and
bleeding on probing (BOP).
The gingival index (Löe-Silness) was
recorded for all present teeth as follows: 0 normal gingival; 1 - mild inflammation, slight
change in colour, slight oedema and no bleeding
on palpation; 2 - moderate inflammation,
moderate redness, moderate oedema, and
moderate ulceration and the tendency for
spontaneous bleeding; and 3 - severe
inflammation, marked redness, marked oedema,
and marked ulceration and the tendency for
spontaneous bleeding.
The plaque index (Silness and Löe) was
recorded for all present teeth as follows: 0 - no
plaque in the gingival area; 1 - a film of plaque
adhering to the free gingival margin and adjacent
areas of the tooth, with plaque recognised only
by running a probe across the tooth surface; 2 - a
moderate accumulation of soft deposits within the
gingival pocket, on the gingival margin, and on
the adjacent tooth surface that was observable
by the naked eye; and 3 – an abundance of soft
deposits within the gingival pocket and/or in the
gingival margin as well as on the adjacent tooth
surface.
The clinical attachment level (CAL) was
measured using the cemento-enamel junction as
a reference point, specifically from the cementoenamel junction to a probable pocket depth.
The probing pocket depth was measured
from the crest of the gingival margin to a
probable pocket depth.
The probing depth and attachment level
Page 2

Journal of International Dental and Medical Research ISSN 1309-100X
http://www.ektodermaldisplazi.com/journal.htm

measurements were made at the mesiobuccal,
buccal, distobuccal, distolingual, lingual and
mesiolingual positions of every tooth, with the
exception of third molars.
Bleeding on probing was assessed on the
6 sites at which PD was determined and deemed
positive if it occurred within 15 seconds after
probing. BOP was expressed as the percentage
of sites that showed bleeding.
The presence of 4 or more teeth with 1 or
more sites with PD ≥ 4 mm and with CAL ≥ 3 mm
at the same site was diagnosed as periodontal
disease [13]. Patients were assigned to 2
categories: those with periodontal disease (n =
75) and those without periodontal disease (n =
35).
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periodontally healthy subjects and a second
group of seventy-five patients with periodontitis.
The demographic characteristics of the
control and study subjects are shown in Table 1.
The mean age o the healthy subjects was 30.4 ±
5.7 years, while subjects with periodontitis had a
mean age 45.1 ± 10.7 years. This di erence was
statistically significant (P < 0.0001). Other
demographic parameters showed no significant
differences (P > 0.05).

Analyses of serum CRP, IL-1β, IL-6 and
TNF- α
A total of 10 ml blood was obtained from
each participating subjects by venipuncture using
tubes without anticoagulant and immediately
transferred for centrifugation. All samples were
centrifuged for 10 minutes at 2,000 rpm, and
transferred to 1.7-ml Eppendor tubes and stored
at -20C. Serum samples were assessed using a
kit with a specific high sensitivity methodologyELISA test, according to the manu acturer’s
instructions (IBL International GmbH, Hamburg,
Germany).
Statistical analysis
Statistical analysis was performed using
the statistical package R. Differences by age
group were tested using the Student’s t-test of
mean values. The other demographic parameters
were assessed with the x2 test. The differences in
clinical periodontal parameters, TNF- α, IL-1β, IL6 and hs-CRP levels between periodontitis
patients and periodontally healthy subjects were
compared using the Mann-Whitney test.
Differences were considered significant when p <
0.05.
RESULTS
Study population characteristics
One hundred-fifteen patients aged from
20 to 71 were enrolled in this study. They were
divided into two groups: a first group of thirty-five
Volume ∙ 6 ∙ Number ∙ 1 ∙ 2013

*significant difference (student T-test), ** no significant difference
(X2-test)

Table 1. Study population demographics
Clinical periodontal parameters
The mean values of the periodontal
parameters are shown in Table 2. There were
significant differences between healthy and
periodontitis patients with regard to the plaque
index (1.6 ± 0.7 vs. 2.0 ± 0.7, respectively),
calculus index (1.4 ± 0.6 vs. 1.8 ± 0.4,
respectively), bleeding index (24.3 ± 33.0 vs.
76.9 ± 31.0, respectively), gingival index (0.9 ±
0.6 vs. 1.8 ± 0.5, respectively), periodontal
pocket depth (1.0 ± 0.4 vs. 3.1 ± 0.7,
respectively), gingival recession (0.3 ± 0.5 vs. 1.5
± 1.0, respectively), clinical attachment level (1.0
± 0.7 vs. 4.5 ± 5.9, respectively), tooth mobility
index (0.2 ± 0.5 vs. 1.1 ± 0.9, respectively), and
missing teeth (5.1 ± 5.1 vs. 7.3
± 5.2,
respectively).
Comparisons between healthy and
periodontitis patients with regard to
inflammatory markers
Statistical analyses of the protein levels in
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patients with and without periodontitis are shown
in Table 3. There was a high level of statistically
significant differences (P < 0.0001) between
healthy subjects and those with periodontitis with
regard to the levels of hs–CRP (0.5 ± 0.6 vs. 2.5
± 2.6, respectively) and IL-1β (2.1 ± 2.1 vs. 7.0 ±
11.6, respectively). The mean serum levels of
TNF- α were significantly higher in the
periodontitis group than in healthy subjects (80.0
± 73.1 vs. 64.6 ± 72.3, respectively; P=0.0128).
Additionally, the mean serum levels of IL-6
showed a statistically significant difference
between healthy subjects and periodontitis
patients (1.9 ± 1.6 vs. 3.7 ± 4.4 respectively; P =
0.0318).

*significant difference ( Mann-Whitney test )

Table 2. Periodontal parameters

*significant difference ( Mann-Whitney test )

Table 3. Systemic levels of inflammatory markers
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DISCUSSION
The goals of the present study were to
compare the mean levels of TNF- α, IL-1β, IL-6
and hs-CRP in serum samples from periodontally
healthy subjects and subjects with periodontitis to
evaluate possible correlations among these
biomarkers and clinical parameters of periodontal
disease. The results of this study demonstrated
that individuals with no history of systemic
disease had increased circulating levels of
proinflammatory cytokines and hs-CRP. These
proinflammatory mediators have been implicated
in an increased risk of systemic diseases.14,15
The relationship between periodontal disease
and CRP has been shown in previous crosssectional studies.16,17 Some of these studies
utilised the latex agglutination assay (the best
assay available at the time) to report on the
presence or absence of CRP 18 at a minimum
requirement >10 mg/L for the detection of serum
CRP. More recent studies have used more
sensitive assays with detection limits as low as
0.21 mg/L. Loss et al. 19 investigated systemic
levels of inflammatory markers of cardiovascular
disease (e.g., hs-CRP, IL-6, total leukocyte count
and differential leukocyte count) in an unselected
population both with and without periodontitis,
where the disease was diagnosed according to
the radiographic evidence of bone loss.
Detectable hs-CRP was observed in 90% of all
patients. A consistent association between the
occurrence of periodontitis and elevated serum
levels of CRP in cross-sectional studies was
reported by Paraskevas et al.,20 which is
consistent with the results of our study. Subjects
with periodontitis had significantly higher levels of
IL-1β than did periodontally healthy subjects.
These findings reinforce previous reports 21, 22
that observed associations between the levels of
IL-1β and clinical signs o periodontitis, although
different methodologies were used to measure
GCG levels. Marcaccini et al. 23 reported a
statistically significant difference between control
and periodontal disease groups only for plasma
IL-6 concentrations (p = 0.006); these authors did
not observe differences in hs-CRP, and in their
hands the hs-CRP levels decreased 3 months
after non-surgical periodontal therapy in patients
with periodontal disease. Some recent studies
have shown that IL-6 and CRP levels are
elevated with periodontal disease alone or with
other systemic diseases 24 in comparison to
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healthy groups.
It is important to note that this was the
first study conducted in Kosovo estimating serum
levels of hs-CRP, IL-1β, IL-6 and TNF- α
between periodontitis patients and healthy
patients. Our study provides general information
regarding the periodontal status of the population
in Kosovo and explored the connection between
periodontitis and inflammatory markers. However,
we were unable to explore variations between
different racial and/or ethnic groups, as has been
done in other studies 25, because our population
is racially and ethnically homogenous.
In this study using a Kosovo population,
we show that periodontal disease is associated
with increased circulating concentrations of TNFα, IL-1β, IL-6 and hs-CRP. Long-term studies
assessing the effect of periodontal therapy on
levels of TNF- α, IL-1β, IL-6 and hs-CRP are
warranted to further explore the impact of
periodontal therapy and to enable the practical
management of at-risk patients.
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