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INTRODUCTION
Periodontal disease is characterised by chronic infection and 
inflammation in periodontal tissues leading to destruction of alveolar 
bone with subsequent tooth loss [1]. Periodontal infections are the 
result of an interaction between tooth associated microbial biofilms 
and the host defences. There is growing evidence that these 
chronic infections can go beyond the periodontium and predispose 
to various systemic diseases [2].

Periodontitis has been linked to atherosclerosis and cardiovascular 
diseases based on various cross-sectional and prospective 
epidemiological studies [3,4]. Subgingival dental plaque contains 
numerous Gram-negative anaerobic pathogenic bacteria in deep 
periodontal pockets. These pathogenic microrganisms produce 
various endotoxins such as lipopolysaccharides, leucotoxins 
and chemotactic inhibiting factors which can result in an 
increase in circulating levels of cytokines, adhesive proteins and 
proinflammatory molecules. These endotoxins can interact with toll-
like receptors present on the surface of neutrophils and monocytes 
resulting in activation of signal transduction pathways in both innate 
and adaptive immune systems. These mechanisms leads to the 
production of pro-inflammatory cytokines like Interleukin-6 (IL-6), 
Interleukin-1 (IL-1) and Tumour Necrosis Factor-α (TNF-α) that can 
activate hepatocytes in the liver to produce acute phase proteins 
including CRP [5,6]. Elevated levels of pro-inflammatory cytokines 

as well as pathogenic bacteria can be translocated through 
systemic circulation resulting in direct exacerbation of cardiovascular 
disease or influencing other systemic risk factors associated with 
cardiovascular disease [5,7].

Acute Phase Response (APR) is a non specific process that may 
occur as initial host response to injuries, infections, ischemic 
necrosis or malignancy. Acute phase proteins are those proteins 
whose plasma concentration is altered (increases or decreases) by 
atleast 25% in response to inflammation [8]. Acute phase proteins 
have both pro and anti-inflammatory properties. This systemic 
response helps to destroy infections or noxious agents, remove 
damaged tissue and repair the affected tissue or organ. These 
acute phase proteins have been found to have an essential role in 
the inhibition of extracellular proteases, blood clotting, fibrinolysis, 
and modulation of immune cell function [9].

CRP production is a part of non specific APR to most forms of 
inflammatory stimuli such as heat, infection, hypoxia and tissue 
damage. Even though CRP is primarly synthesized by hepatocytes, 
extra hepatic sources include alveolar macrophages, coronary 
artery, peripheral blood lymphocytes, adipose tissue and lung 
epithelial cells. Factors such as smoking, cardiovascular diseases, 
triglycerides, diabetes and periodontal disease have been found to 
be associated with raised CRP levels [10]. In healthy individuals, 
CRP levels were found to be ≤ 0.3 mg/l. Serum levels of CRP could 
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ABSTRACT
Introduction: Periodontal disease is characterised by chronic 
infection and inflammation in periodontal tissues leading 
to destruction of alveolar bone with subsequent tooth loss. 
Periodontal infections are the result of an interaction between 
tooth associated microbial biofilms and the host defences. 
Periodontal pathogens can affect local and systemic immune 
and inflammatory responses.

Aim: The aim of the present study was to evaluate serum 
C-Reactive Protein (CRP), plasma fibrinogen and peripheral blood 
levels in healthy subjects, chronic and aggressive periodontitis 
patients.

Materials and Methods: A total of 55 subjects, 27 males and 
28 females were selected for the study. Blood samples were 
taken from healthy controls (n=20) and patients with chronic 
periodontitis (n=20) and aggressive periodontitis (n=15). The 
periodontal status of each patient was assessed by recording 
Oral Hygiene Index-Simplified (OHI-S), Bleeding Index (BI), 
Probing Pocket Depth (PPD) and Clinical Attachment Level 

(CAL). The levels of serum CRP were measured using high 
sensitivity Enzyme Linked Immunosorbent Assay (ELISA) and 
levels of plasma fibrinogen were measured using Quantitative 
Immunoturbidimetric assay. Data description was done in the 
form of mean and standard deviation and analysis of data was 
done using one way ANOVA (Analysis of Variance) and Students 
t-test to test the statistical significance between groups.

Results: The levels of serum CRP and plasma fibrinogen was 
increased in patients with chronic and aggressive periodontitis 
when compared to healthy controls (p<0.001). A positive 
correlation was found to exist between levels of clinical 
parameters like OHI-S, BI, PPD and CAL when compared with 
CRP and fibrinogen as well as with the study groups.

Conclusion: The finding of the present study suggests the role 
of serum as a diagnostic marker in inflammatory conditions 
and indicates that levels of CRP and fibrinogen may serve as 
important biomarkers for evaluating the association between 
periodontitis and cardiovascular diseases.
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exceed 100 mg/l following acute tissue damage in serum or plasma 
within 24 to 48 hours which could be useful for diagnosis, monitoring 
and therapy of inflammatory process and associated disease [11].

Fibrinogen an important determinant of blood viscosity is a soluble 
plasma glycoprotein that is synthesized by liver and is converted 
into fibrin by thrombin during coagulation of blood. Fibrinogen can 
promote early plaque formation through damaging the endothelial 
cells of artery linings, stimulating the proliferation of vascular muscle 
cells and activating inflammatory cells. Fibrinogen also plays an 
important role in thrombosis by influencing platelet adhesion and 
aggregation [12]. The normal fibrinogen levels have been found to 
be about 1.5-3 g/l while increased levels have been found to be 
associated with cardiovascular disease (≥3.43 g/l). An elevated 
fibrinogen level can therefore predispose to platelet aggregation 
and thrombosis thereby increasing predisposition for coronary heart 
disease [13,14].

One of the major causes of mortality and morbidity worldwide has 
been found to be Coronary Artery Disease (CAD). Even though various 
risk factors such as diabetes mellitus, hypertension and smoking has 
been identified, periodontal disease has been found to provide vital 
information regarding elevated risk of CAD. CRP has been found to 
be a valuable predictor for Myocardial Infarction (MI), atherosclerotic 
lesions, stroke, peripheral vascular disease and sudden cardiac 
death as shown in multiple prospective epidemiological studies 
[3,15]. Elevated inflammatory and homeostatic responses as well 
as lipid metabolism due to periodontal infection might be possible 
pathways underlying the observed association between periodontal 
disease and increased risk for CVD [16].

Therefore, this study was carried out to assess the levels of serum 
CRP, plasma fibrinogen and periodontal parameters in systemically 
and periodontally healthy individuals and patients with chronic and 
aggressive periodontitis and to determine whether raised levels 
of periodontal parameters can predispose to increased levels of 
systemic inflammatory markers such as serum CRP and plasma 
fibrinogen of the three study groups.

MATERIALS AND METHODS
The present study was conducted in the Department of 
Periodontology, Rajah Muthiah Dental College and Hospital with the 
help of Department of Biochemistry, Rajah Muthiah Dental College 
and Hospital, Annamalai University, Tamil Nadu, India. This was a 
cross- sectional descriptive study which was carried out for a period 
of six months. Participants were interviewed to obtain medical 
and demographic information and were screened for periodontal 
examination. All periodontal clinical parameters were evaluated by 
a single calibrated investigator. A total of 55 subjects were selected 
for the study with 27 males and 28 females which included 20 
controls, 20 patients with chronic periodontitis and 15 patients 
with aggressive  periodontitis (five localized and 10 generalized 
aggressive periodontitis).

Since there were constraints in obtaining aggressive periodontitis 
patients (localized and generalized) within time period of the study 
(six months), their sample size had to be restricted to 15. Therefore, 
the control and the chronic periodontitis group had to be limited to 
20 each. 

The nature and purpose of study was explained to the patient and 
an informed consent was obtained. This study was put forward 
before the Ethical Committee and clearance was obtained.

Subjects for this study comprised of:

•	 Group A: Systemically healthy controls- Age group; 25-45 
years. Individuals with PPD ≤3 mm, CAL <2 mm with no clinical 
signs of inflammation.

•	 Group B: Chronic periodontitis patients- Age group; 30-45 
years. Individuals having more than 30% of their teeth with 
PPD ≥4 mm, CAL ≥2 mm.

•	 Group C: Generalized and localized aggressive periodontitis 
patients- Age group; 20-35 years. Individuals having a minimum 
of 20 remaining teeth with a pattern of generalized interproximal 
attachment loss affecting at least three permanent teeth 
other than first molars and incisors (generalized aggressive 
periodontitis)/localized first molar or incisor presentation with 
interproximal attachment loss on at least two permanent 
teeth, one of which is a first molar and involving not more than 
two teeth other than first molars and incisors and microbial 
deposits which are inconsistent with respect to the degree of 
periodontal destruction [17].

Systemically healthy individuals of both genders, dentition with at 
least 20 functioning teeth, those who were not under any antibiotics, 
systemic steroids or anti-inflammatory drugs and had not undergone 
any periodontal therapy six months prior to and during the period 
of study were included in the study. Subjects who were alcoholics, 
smokers and pregnant females were excluded.

Clinical parameters recorded were;

•	 OHI-S (Green and Vermillion 1964) [18];

•	 Gingival Bleeding Index (Ainamo and Bay 1975) [19];

•	 PPD;

•	 CAL.

Estimation of Peripheral Blood, Serum CRP and 
Plasma Fibrinogen
Subject consent was taken prior to the collection of samples. Almost 
5 ml of blood was collected in the morning hours from anticubital 
fossa by venipuncture using 20 gauge needles with a 5 ml syringe. 
The blood was transferred to non-ethylene diamino tetra-acetic acid 
containing test tubes and was allowed to clot at room temperature 
and after one hour, serum and plasma were extracted from the 
blood by centrifuging at 3000 rpm for five minutes. Extracted serum 
and plasma were immediately transferred to Eppendorf vials and 
stored at -20OC till the time of assay [Table/Fig-1,2].

Samples were then assayed for CRP (high sensitivity–CRP) using 
ELISA Kit (The EiAsy Way, Diagnostics Biochem Canada Inc [Table/
Fig-3]). The serum levels of high sensitivity-CRP was measured using 
ELISA technique which is an enzymatically amplified “two step” 
sandwich type immunoassay where the standard samples, control 
samples and unknown samples were incubated in microtitration 
wells coated with high sensitivity-CRP antibody.

[Table/Fig-3]: High sensitivity-CRP reagents. [Table/Fig-4]: Fibrinogen reagents.

[Table/Fig-1]: Extracted serum. [Table/Fig-2]: Extracted plasma.
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Quantitative Immunoturbidimetric assay (Quantia fibrinogen) 
was used for estimation of fibrinogen in collected plasma and is 
based on agglutination reaction [Table/Fig-4]. The test specimen 
was mixed with QUANTIA–fibrinogen antibody reagent (R2) and 
activation buffer (R1) and allowed to react. Presence of fibrinogen in 
the test specimen resulted in formation of an insoluble complex with 
an increase in turbidity, which was measured at a wavelength of 340 
nm. The increase in turbidity corresponds to the concentration of 
fibrinogen in the test specimen.

STATISTICAL ANALYSIS
All the data were analysed using SPSS package version 14.0 
software programs. Data description was done in the form of mean 
and standard deviation; and analysis of data was done to test the 
statistical significance between groups. One way ANOVA (Analysis 
of Variance) was applied to compare the mean values of OHI-S, 
BI, PPD, CAL, CRP, fibrinogen among three groups. Students 
t-test was applied to compare the mean values of OHI-S, BI, PPD, 
CAL, CRP, fibrinogen between two groups. A p-values < 0.05 was 
considered to be statistically significant.

RESULTS
In the present study, mean OHI-S, BI score, mean PPD level and 
CAL was found to be higher in patients with chronic periodontitis 
when compared to patients with aggressive periodontitis and 
systemically and periodontally healthy subjects [Table/Fig-5]. 

In the present study, mean CRP levels were found to be higher in 
patients with chronic periodontitis (3397.00±2511.77 ng/ml) when 
compared with aggressive periodontitis patients (2692.27±2585.64 
ng/ml) and periodontally healthy subjects (1112.35±390.38 ng/ml; 
p<0.004) [Table/Fig-5]. Similarly, mean fibrinogen level was found 
to be higher in patients with chronic periodontitis (763.90±247.39 
µg/ml) when compared to patients with aggressive periodontitis 
(616.53±189.49 µg/ml) and periodontally healthy subjects 
(337.50±158.33 µg/ml; p<0.001) [Table/Fig-5].

Intergroup comparison using students t-test, for CRP levels, 
fibrinogen levels and periodontal parameters between the three 
groups has been shown in [Table/Fig-6-10]. 

DISCUSSION
Periodontitis is an infectious disease of the supporting tissues 
of the teeth, characterized by gradual loss of tooth supporting 
alveolar bone. Once initiated, periodontal disease maintains a 
slowly progressive and destructive character with periods of 
exacerbation and remission. Factors contributing to periodontal 
disease include oral hygiene, individual host response and 
resident microflora. The inflammatory process in periodontitis can 
involve vasculature directly by interaction of organisms or bacterial 
byproducts within vessel wall or indirectly through modulation of 
haemostasis or hepatic activation of acute phase response that 
leads to increased circulation of acute phase reactants such as 
CRP [20]. Elevated CRP has been found to be a significant risk 
factor for atherosclerosis, cardiovascular disease and type 2 
diabetes [21]. Fibrinogen in excessive levels can also increase 
proinflammatory cytokines such as IL-6 and TNF-α, promote 
colonization and attachment of bacteria as well as migration of 
leukocytes at the site of inflammation [22].

Two hypothesis have been proposed regarding the aetiological 
pathways of the association between periodontitis, systemic 
inflammation and cardiovascular disease. In direct pathways, oral 
microbes and their byproducts gain systemic access through the 
circulating system. The indirect pathways, considers the diseased 
periodontium as a source of systemic inflammatory mediators. 
Chronically elevated CRP levels in periodontitis patients exacerbate 
ongoing inflammatory processes in atherosclerotic lesions, thereby 
increasing the risk of cardiovascular and cerebrovascular events [23]. 

Parameters Groups N Mean SD F-value p-value

OHI-S

A 20 0.62 0.22

9.83

<0.001 
(Highly 

significant)
B 20 4.00 0.61

C 15 2.27 0.49

BI

A 20 0.440 0.660

42.31
<0.001
(Highly 

significant)
B 20 85.120 6.067

C 15 69.013 8.123

PPD

A 20 2.375 0.297

11.32
<0.001
(Highly 

significant)
B 20 5.735 0.854

C 15 5.527 0.446

CAL

A 20 0.00 0.00

24.86
<0.001
(Highly 

significant)
B 20 5.93 0.39

C 15 5.41 0.81

CRP

A 20 1112.35 390.38

8.69
<0.004
(Highly 

significant)
B 20 3397.00 2511.77

C 15 2692.27 2585.64

Fibrinogen

A 20 337.50 158.33

6.40
<0.001
(Highly 

significant)
B 20 763.90 247.39

C 15 616.53 189.49

[Table/Fig-5]: One-way ANOVA test showing mean and standard deviation of 
OHI-S, BI, PPD level, CAL, CRP, and fibrinogen level between three groups.

Parameters Groups N Mean SD p-value

CRP
B 20 3397.00 2511.77

Not Significant
C 15 2692.27 2585.64

Fibrinogen
B 20 763.90 247.39

Not Significant
C 15 616.53 189.49

[Table/Fig-6]: Students t-test comparing CRP and fibrinogen level between 
Group B and Group C.

Parameters  Groups  N  Mean  SD  p-value

CRP
A 20 1112.35 390.38 <0.001 

(Highly significant)B 20 3397.00 2511.77

Fibrinogen
A 20 337.50 158.33 <0.001 

(Highly significant)B 20 763.90 247.39

[Table/Fig-7]: Students t-test comparing CRP and fibrinogen level between 
Group A and Group B.

Parameters  Groups  N  Mean  SD  p-value

CRP
A 20 1112.35 390.38 <0.001 

(Highly significant)C 15 2692.27 2585.64

Fibrinogen
A 20 337.50 158.33 <0.001 

(Highly significant)C 15 616.53 189.49

[Table/Fig-8]: Students t-test comparing CRP and Fibrinogen Level Between 
Group A and Group C.

Periodontal 
Parameters

 Groups  N  Mean  SD  p-value

OHI-S
A 20 0.62 0.22 <0.001 

(Highly significant)B 20 4.00 0.61

BI
A 20 0.440 0.611 <0.001 

(Highly significant)B 20 85.120 6.067

PPD
A 20 2.375 0.297 <0.001 

(Highly significant)B 20 5.735 0.854

CAL
A 20 0.00 0.00 <0.001 

(Highly significant)B 20 5.93 0.39

[Table /Fig-9]: Students t-test comparing different periodontal parameters between 
Group A and Group B.
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aggressive periodontitis individuals and this mean difference was 
statistically not significant. A reason for the slight increase in CRP 
levels in chronic periodontitis group may be due to its long standing 
nature when compared with aggressive periodontitis group although 
the exact cause have not been fully understood [32].

The findings of the present study supports the fact that levels of 
serum CRP and plasma fibrinogen were increased in individuals with 
periodontitis when compared with normal individuals and elevated 
levels of these inflammatory markers can increase the severity 
of periodontal destruction as observed with raised periodontal 
parameters.

LIMITATION
The small sample size due to strict guidelines for recruiting patients, 
along with the absence of post treatment results pose limitations 
in evaluating the relationship of these biomarkers with periodontal 
and cardiovascular diseases. Systemic conditions such as diabetes 
and infectious conditions were excluded purely on the basis of self 
reported histories and there is a possibility that this might have led 
to undiagnosed medical conditions. Estimation of other sensitive 
markers like serum amyloid A and α-2 macroglobulin from serum and 
plasma as well as estimation of CRP in saliva and gingival crevicular 
fluid would provide greater clarity and understanding between these 
biomarkers, periodontal and cardiovascular diseases.

CONCLUSION
An increase in levels of serum CRP and plasma fibrinogen were 
observed in both study groups when compared to healthy controls. 
An increase in level of mean serum CRP and plasma fibrinogen 
were observed in chronic and aggressive periodontitis group when 
compared to control group and this was found to be statistically 
significant (p<0.001). A positive correlation exists between levels of 
clinical parameters like OHI-S, BI, PPB, CAL and the study groups. 
A positive correlation exists between levels of CRP and fibrinogen 
and all periodontal parameters under study.

From the results of the above study, it could be assumed that levels 
of serum CRP and plasma fibrinogen can provide information about 
the presence and intensity of inflammatory process and can be 
useful in predicting biological mechanism underlying the association 
between periodontitis and cardiovascular diseases. Elevated CRP 
and fibrinogen levels can be used as a predictive risk factor for 
future cardiovascular and coronary events. Further studies with large 
sample size, allowing incorporation of periodontal treatment phase 
and correlating periodontal microbes with the levels of expression 
of serum CRP and plasma fibrinogen are necessary to validate the 
results of the present study. 
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