Original Paper

Pathophysiology
orHaemosyasis
mulThI'OHlbOSlS

Pathophysiol Haemost Thromb 2009-10;37:49-54
DOI: 10.1159/000318189

Received: March 9, 2010
Accepted after revision: April 26, 2010
Published online: July 3, 2010

Levels of C-Reactive Protein and
Protein C in Periodontitis Patients with
and without Cardiovascular Disease

Ezgi Malali? Isik Basar® Ebru Emekli-Alturfan® Eser Elemek® Sehkar Oktay®

Faruk Ayan¢ Nesrin Emekli® Ulku Noyan?

Departments of Periodontology and PBiochemistry, Faculty of Dentistry, Marmara University, and
¢Department of Cardiology, Cerrahpasa Medical Faculty and ¢ Department of Inmunology, Institution of DETAE,

Istanbul University, Istanbul, Turkey

Key Words

Periodontitis - Community Periodontal Index of
Treatment Needs - Cardiovascular disease + C-reactive
protein - Protein C

Abstract
Since periodontitis is a chronic and inflammatory disease, a
number of hypotheses have proposed that it has an etiolog-
ical or modulating role in cardiovascular disease (CVD). This
study aimed to ascertain the changes in the plasma levels of
C-reactive protein (CRP) and protein C (PC), a natural antico-
agulant also having an anti-inflammatory effect, in patients
who have mild-to-severe periodontitis with or without CVD.
The test group consisted of 26 patients with CVD and chron-
ic periodontitis and the control group consisted of 26 pa-
tients with chronic periodontitis and no systemic disease. In
both groups Community Periodontal Index of Treatment
Needs scores were recorded and blood samples were col-
lected. CRP levels were significantly high and PC activity was
significantly low in the test group compared to the control
group (p <0.001). There was a negative correlation between
tooth loss and PC and between CRP and PC. How PC is af-
fected by the inflammatory events and its association with
CRP is an active area of investigation.

Copyright © 2010 S. Karger AG, Basel

Introduction

Since cardiovascular disease (CVD) is one of the lead-
ing causes of death in developed countries, understand-
ing the risk factors for atherosclerosis and CVD has been
a very active area of investigation. In the last decade re-
searches have shifted their focus from classic causes to
alternative risk factors. Now it is well known that athero-
sclerosis occurs in response to an injury of the vascular
endothelium and that it is an inflammatory process [1].
A hypothesis of the contribution of chronic infections to
atherogenesis led scientist to investigate the relationship
between oral hygiene and CVD [2]. Epidemiological
studies suggest a link between periodontal infections and
an increased risk for CVD, and associations are observed
between the severity of periodontitis and coronary ath-
erosclerosis [3, 4].

Periodontitis is a chronic infection affecting the tis-
sues surrounding and supporting the teeth, caused by the
bacteria of the dental plaque and the inflammatory re-
sponse of the host. Periodontal diseases are initiated by
the accumulation of plaque bacteria, such as Porphy-
romonas gingivalis and Treponema denticola, around
teeth and in the gingival sulcus [5, 6]. As a response to the
presence of bacteria and bacterial products, such as li-
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popolysaccharides, cell-mediated inflammation is trig-
gered and a number of proinflammatory cytokines (tu-
mor necrosis factor (TNF)-a, interleukin (IL)-1, and IL-
8) are synthesized [7-9].

Like the inflammatory process of CVD, systemic in-
flammation primed by periodontal infection and the re-
lease of lipopolysaccharides into the periphery also acti-
vates both inflammatory cells and endothelial cells, and
cytokines are carried to the liver where they induce the
production of acute-phase proteins such as C-reactive
protein (CRP). It has been shown that CRP is not only a
predictor of CVD but also an active mediator of athero-
genesis and that it affects endothelial cells and mono-
cytes/macrophages [8, 10].

Protein C (PC), a precursor of activated PC (APC), is
a vitamin K-dependent plasma glycoprotein synthesized
by the liver and obtained by the effect of thrombin in
plasma; PC has a crucial effect on coagulation by sup-
pressing the formation of fibrin. The normal range (70-
140%) of circulating levels of PC has been well established
by several epidemiological studies and in healthy humans
a positive correlation between PC and APC was found.
The PC pathway is the most important mechanism in
preventing microvascular thrombosis [11, 12], and along
with endothelial PC receptor it also regulates coagulation
in large vessels [13]. Besides this anticoagulant property,
APC is also thought to have potent anti-inflammatory
properties. APC dampens inflammation by inhibiting
monocyte/macrophage expression, cytokine signaling,
the upregulation of cell surface leukocyte adhesion mol-
ecules, and leukocyte-endothelial cell interactions. But
when there is a more profound injury or inflammatory
stimulus, cytokines such as IL-1 and TNF-a from acti-
vated leukocytes suppress the PC pathway and reduce the
levels of APC [14].

Since periodontitis and CVD share the same inflam-
matory pathogenesis, we aimed to ascertain whether
there is an association between the severity of periodon-
titis and CVD by determining the levels of CRP, an in-
flammatory marker, and PC, an anti-inflammatory, an-
ticoagulant marker.

Patients and Methods

Patients admitted to the Cardiology Department of Cerrah-
pasa Medical Faculty, who were hospitalized with a diagnosis of
CVD and were in the subacute phase, were dentally examined
and their Community Periodontal Index of Treatment Needs
(CPITN) scores were recorded. In the dental clinic of the Peri-
odontology Department systemically healthy patients were clin-
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Table 1. Patient demographics of the groups

Study patients Test group Control group

Male 29 17 12
Female 23 9 14
Mean age
(range), years 54.21 (40-85) 57.26 (40-85) 51.15 (40-75)

Tooth loss

(mean £ SD) 10.59*7.38 13.69+7.74 7.50 £ 5.59*

SD = Standard deviation.
2 Test group versus control group, p < 0.003.

ically examined and their CPITN scores were recorded as well
(table 1).

Blood samples were collected from both groups to determine
CRP levels and PC activity. CRP was evaluated using the quanti-
tative turbidimetric method (Futura System, Rome, Italy) and
functional PC activity was determined by quantitative sandwich
enzyme immunoassay (Hyphen BioMed, France). Ethical approv-
al for the study was obtained from the local committee of ethics
of Istanbul University, and informed written consent was pro-
vided by each participant.

Results

Twenty-six patients (17 male and 9 female) and 26 con-
trol patients (12 male and 14 female) participated in our
study. Thirty-one patients were examined in the Cardiol-
ogy Department; 5 fully edentulous patients were not
included in the study. To equally distribute the CPITN
scores, 45 systemically healthy patients were examined
in the dental clinic and 26 of them were included in the
study. The mean age of the patients included in the study
was 54.21 years for the test group and 57.26 years for the
control group. In each group there were 10 patients with
CPITN score 2, 11 patients with CPITN score 3, and 5
patients with CPITN score 4. In the test group the mean
tooth loss was 13.69 and in the control group it was 7.50;
the difference between the groups was statistically sig-
nificant (p < 0.003) (table 1).

In the test group the CRP level was 6.32 * 9.76 mg/l
and in the control group it was 0.98 = 1.06 mg/l; PC ac-
tivity was 79.38 = 18.99% in the test group and 110.31 *
17.05% in the control group. The difference between the
test and control groups was statistically significant (p <
0.001) (table 2). There was a negative correlation between
tooth loss and PC (r = -0.295) and between CRP and PC
(r = -0.467) (table 3).
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Table 2. PC and CRP levels in the test and control groups

Test group  Control group p
CRP (mean * SD), mg/l  6.32+£9.76 0.98*1.06 <0.001
PC (mean * SD), % 79.38+18.99 110.31*17.05 <0.001

SD = Standard deviation.

Table 3. Correlations between CRP, PC and tooth loss

Correlation r
CRP-PC -0.467°
Tooth loss-PC -0.295P
Tooth loss-CRP 0.265

 Spearman correlation is significant at the 0.01 level.
b Spearman correlation is significant at the 0.05 level.

Discussion

Although a number of studies have been performed
recently on the possible association between CVD and
periodontitis, this association is not thoroughly under-
stood yet [15, 16]. In our study, we aimed to ascertain the
levels of CRP and PC in blood in patients who have mild-
to-severe periodontitis with or without CVD.

Among all the acute phase reactants, CRP in particu-
lar has been the focus of attention as a key marker of ath-
erosclerosis, and elevated levels constitute a risk predic-
tor for CVD [17-20]; since the levels of CRP rise earlier
than those of other reactants, CRP has been used as an
early marker of tissue damage [21]. The casual link be-
tween CRP and CVD remains to be established. The as-
sociation of CRP with CVD may be attributed to its as-
sociation with other reactant proteins that promote
thrombosis [22, 23]. There are several mechanisms sug-
gesting that CRP promotes CVD, including binding to
partly degraded low-density lipoprotein in atheroscle-
rotic plaques, proinflammatory effects, and an increas-
ing macrophage production of tissue which may pro-
mote thrombosis [24, 25]. Similar to the findings of oth-
er studies [26-29], in the present study we also found that
the CRP level in the CVD group was significantly higher
(p <0.001) than that in the healthy controls, indicating
arole of CRP in CVD.

C-Reactive Protein and Protein C in
Periodontitis and CVD

Against periodontal infection, hosts respond with
both innate and adaptive immunity. Although periodon-
titis has a chronic nature, acute-phase elements are also
a part of the innate immunity in periodontitis and con-
firm that, in periodontitis, a systemic inflammation is
present [30, 31]. There are a number of studies which
compare periodontal infections and the systemic mark-
ers of inflammation, particularly CRP [32-35]. Bizzarro
et al. [35] compared the CRP levels of periodontitis pa-
tients to those of periodontally healthy patients and
found a statistically significant difference. In agreement
with Bizzarro et al. [35], most studies have shown a rela-
tionship between CRP and periodontal disease severity
[34, 36, 37]. On the contrary, there are some studies that
have found no relationship between healthy and peri-
odontitis patients [8, 33]. According to our study design,
the control group consisted of systemically healthy but
periodontally diseased individuals and we did not find a
correlation between CRP levels and periodontal disease
severity. Different results were reported by the studies
performed using CPITN scores. Accordingly, Wakai et
al. [36] found a statistically significant elevation of CRP
levels between groups, while Furuichi et al. [8] did not
find a significant difference between periodontal groups.
In the present study we did not find a correlation be-
tween CRP levels and periodontal disease severity. These
contradictory results about the relationship between
CRP and periodontal disease can be due to the unstable
character of CRP, the influence of many conditions in
the body [38, 39], and the variety of tests performed to
measure CRP levels [8].

Since CVD is closely related to both coagulation and
the inflammatory system, PC may be an important mark-
er for determining the host response. Many studies con-
ducted on sepsis cases revealed that the PC pathway
played an important role in the clinical outcome of the
patients [40-42]. According to an animal study, the
amount of APC determines the response of baboons to
Escherichia coli infusion, independently of the amount of
bacteria [43]. Numerous studies have demonstrated that
decreased circulating levels of PC in septic patients are
associated with increased morbidity and mortality [11,
44-46], and the development of PC deficiency within ap-
proximately 1 day of diagnosis of sepsis has been corre-
lated with early death [47]. The present study revealed
statistically significantly lower amounts of PC in CVD
patients compared to those in healthy controls. This de-
crease could be due to the regular consumption of PC ac-
cording to the chronic characteristic of CVD. Another
possibility could be the deficiency in PC production,
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which can lead to impaired anticoagulation, thrombus
formation, and thus CVD. The relationship between
CVD and PC is still unknown and needs to be clarified
with larger study groups.

When considering the relationship between poor
oral hygiene and CVD, tooth loss is one important
marker that is investigated and there are still controver-
sies as to whether it is related or not [39, 48, 49]. The test
group had a higher (almost double) amount of tooth loss
than the healthy controls (13.69 and 7.50, respectively)
(p <0.003), although the severity of periodontal disease
between the groups was equally distributed. This statis-
tically and clinically significant result might indicate
that tooth loss can be related to an increased risk for
CVD.

There are studies showing that CRP levels increase as
the amount of tooth loss increases [39, 50, 51] and 1 study
showing no relationship [52]. In the present study we did
not find a correlation between CRP and tooth loss. You
etal. [51] and Linden et al. [39] found high levels of CRP
in the high-tooth-loss group (17-32 mg/l, tooth loss >14).
The mean tooth loss of the test group in the present study
was 10.59 * 7.38, which is relatively low; this could be the
reason we did not find a correlation between CRP and
tooth loss.

When the PC levels of this study were analyzed con-
sidering dental data, the level of PC was not correlated
with the severity of the periodontitis, but there was a
statistically significant negative correlation between
tooth loss and PC levels. PC is an important marker in
sepsis [14, 53] and this means that when the bacteria in-
vade the circulation, PC and its pathway react to that
invasion. According to this knowledge it is thought that
there could be a relationship between PC and periodon-
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