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Abstract:

Background: C-reactive protein (CRP) - a prototypic marker
of inflammation has been shown to be elevated in chronic
periodontitis (CP) and also been shown to predict cardiovascular
events. Increased carotid intima media thickness (CIMT) has been
recently recognized as surrogate marker for atherosclerosis. In this
context, we studied to correlate between CIMT and CRP in CP and
to know whether CRP predicts the cardiovascular risk in CP.
Materials and Methods: The study consisted of 30 systemically
healthy subjects aged over 40 years - 15 subjects with CP as cases
and 1S subjects with no periodontitis as controls. All subjects were
subjected to measurement of CRP levels and CIMT in addition
to detailed periodontal evaluation. Quantitative determination of
CRP was done by turbidimetric immunoassay. IMT of the common
carotid arteries was estimated bilaterally using B-mode ultrasound
at 6 sites. Positive CRP was defined as more than 10 mg/1.
Results: Mean CRP levels were significantly higher in subjects
with CP (19.58 + 17.03), then in non CP (NCP) (5.54 * 1.63,
P < 0.004). Mean CIMT value was significantly higher in subjects
with CP (1.09 £ 0.45) than in NCP (0.57 + 0.06, P < 0.001) and
all periodontal indices correlated well with CIMT. Further, there
was significant correlation between CRP and increased CIMT in
subjects with CP (= 0.863, P < 0.001).

Conclusions: The present study indicates CRP as a possible
underlying pathway in the association between periodontal disease
and the observed CIMT. CRP can be used as a risk predictor for
atherosclerosis in patients with CP.

Key Words: Carotid intima media thickness, chronic periodontitis,
C-reactive protein
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Introduction

Periodontitis — a common, often underdiagnosed dental
disease has been epidemiologically linked with cardiovascular
diseases.'? C-reactive protein (CRP), a prototypic marker of
inflammation has also been shown to predict cardiovascular
events.*® In this context, several studies have shown
elevated CRP levels in periodontal patients being linked
to cardiovascular diseases.”® However assessing coronary
artery disease prospectively in clinical studies is often difficult
and sometimes requires invasive procedures like coronary
angiogram. Increased carotid intima media thickness (CIMT)
measured non-invasively by B Mode ultrasound has been
recently recognised as surrogate marker for atherosclerosis.’
The atherosclerosis risk in communities (ARIC) Study in
the Western population has shown positive relationship of
periodontal disease to increased carotid artery intima media
thickness.'” Studies on this aspect in Indian population
is limited and restricted to subjects with established
atherosclerosis."" In this context, we undertook this study to
know relationship between chronic periodontitis (CP) and
increased CIMT and to know whether CRP can be used to
predict this relationship.

Materials and Methods

Totally 30 adult systemically healthy subjects, all aged
more than 40 years were included in study after obtaining
informed written consent. They were divided into two groups
— 15 subjects with CP as cases and 15 subjects with non-
periodontitis (NP) as controls.

Exclusion criteria

« Anysubjectwith recent febrile illness of <1 month duration

« Connective tissue disorders

« Recent use of non-steroidal anti-inflammatory drugs/
antibiotics/steroids

« All diabetics and hypertensives.

These exclusion criteria were framed to remove confounding
factors for elevated CRP and also to assess the risk for
atherosclerosis in CP independent of conventional risk factors.

Chronic periodontitis was diagnosed based on standard clinical
features of chronic inflammatory changes in the marginal
gingival, presence of periodontal pockets, loss of clinical
attachment and radiographically by evidence of bone loss.'
Periodontal indices were recorded in all cases i.e., gingival
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index, oral hygiene index - simplified, probing depth (PD)
and clinical attachment loss (CAL). Fasting blood sample was
collected for CRP (and lipid profile also) in all cases, and serum
was isolated. Quantitative determination of CRP was done by
turbidimetric immunoassay using kit from Erba Diagnostics
Mannheim with detection limit of S mg/L. Positive CRP was
defined as >10 mg/L.

IMT of the common carotid arteries was estimated bilaterally
using B-mode ultrasound (Figures 1 and 2). Analyses were
based on mean IMT of the far wall for 1 cm lengths of the
carotid bifurcation and the internal carotid and common
carotid, right and left.”® In this study, single sonologist did the
scan for all the subjects.

The statistical software namely SPSS 11.0 and Systat 8.0 were
used for the analysis of the data and Microsoft Word and Excel
have been used to generate graphs, tables and so on. Chi-square
test has been used to find the homogeneity of gender
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Figure 1: High resolution ultrasound images of measurement
of carotid intima media thickness.
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Figure 2: High resolution ultrasound images of measurement
of carotid intima media thickness.
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between the groups. Student’s t-test has been used to find
the homogeneity of samples based on age in years. Student’s
t-test has been used to find the significance of CIMT, CRP,
and periodontitis parameters between the groups. Pearson
correlation coefficient (r) has been used to find the significance
of periodontitis parameters, CIMT and CRP levels in CP.
Classification of correlation co-efficient (r) is as follows: Up
to 0.1 is trivial correlation, 0.1-0.3 is small correlation, 0.3-0.5
is moderate correlation, 0.5-0.7 is large correlation, 0.7-0.9 is
very large correlation, 0.9-1.0 is nearly perfect correlation and
1 is perfect correlation.

The receiving operating characteristics (ROC) curve was
plotted to assess the accuracy of CRP as diagnostic marker. In
a ROC curve, the true positive rate (sensitivity) is plotted in
function of the false positive rate (100-specificity) for different
cut-off points. Each point on the ROC curve represents a
sensitivity/specificity pair corresponding to a particular
decision threshold. A test with perfect discrimination (no
overlap in the two distributions) has a ROC curve that
passes through the upper left corner (100% sensitivity, 100%
specificity). Therefore, the closer the ROC curve is to the
upper left corner, the higher the overall accuracy of the test."*

Results

The baseline characteristics in the study groups were well
matched (Table 1). The CRP levels were significantly higher
in CP (19.58 + 17.03) when compared to CRP levels in NP
(5.54 + 1.63) (Table 2). The mean CIMT value was also
significantly higher in CP (1.09 + 0.45) when compared o
CIMT values in NP (0.57 + 0.061) (Table 2). CIMT has a
large and significant correlation with CRP (r=0.86). CIMT
also had significant Pearson correlation with all periodontal
indices. All correlations depicted in Graphs 1-S.

Discussion

Majority of studies related to periodontitis — cardiovascular
relationship have looked at clinical cardiovascular events or
at prevalent atherosclerosis population. We investigated this
relationship at subclinical level by measuring CIMT in Indian
subpopulation. It’s well-known that CRP levels are elevated

able 1: Study characteristics.

Study Subjects with | Subjects with | P value
characteristics Ccp NCP
\Age in years 47.67+3.37 46.53+2.80 0.325
Sex (%) 1.000
Male 9 (60.0) 9 (60.0)
Female 6 (40.0) 6(40.0)
Smoking (%) 0.361
No 11(7.3) 13 (86.7)
Yes 04 (26.7) 02 (13.3)
LDL 120.07+11.18 118.47+14.76 0.743
HDL 44.13+3.35 45.46+4.46 0.388
ILDL: Low-density lipoprotein, HDL: High-density lipoprotein, CP: Chronic periodontitis,
INCP: Non-chronic periodontitis.
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2 : Parameter Subjects | Subjects | Pvalue
£ . with CP | with NCP
£S5 Mean CIMT (mm) 1.09+0.45 0.57+0.06 <0.001
£ Positive CIMT (>1 mm) (%) 8/15 (53) 0/15 (0) <0.002
c ! ‘/‘ * Mean CRP level (mg/L) 19.58+17.03 5.54+1.63 <0.004
05 & Positive CRP (>10 mg/L) (%) 11/15(73) 1/15 (7) <0.001
’ CP: Chronic periodontitis, NCP: Non-chronic periodontitis, CRP: C-reactive protein,
0 CIMT: Carotid intima media thickness.
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Graph 2: Pearson correlation between CIMT and OHI-S.
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Graph 4: Pearson correlation between CIMT and CAL.
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in CP and linked to cardiovascular disease.®® Here, we looked
at CRP-CIMT relationship and whether CRP can predict the
risk of atherosclerosis in CP. Among the indexed articles in
PubMed, only few periodontal studies have looked at CRP-
CIMT relationship at subclinical level.'"*' To the best of our
search, this is probably the only Indian study in this context.

The baseline characteristics in the study groups were well
matched (Table 1). Like many other studies,'®* in the
present study too, subjects with CP had significantly higher
levels of CRP when compared to NP (19.58 + 17.03 in CP vs.
5.54 + 1.63 in NP, Table 2). Effect of CP on CRP was large
(1.13) and when we looked at prevalence of positive CRP, it
is 38 times more likely to occur in CP than NP.

In the present study, subjects with CP had significantly higher
mean CIMT value of 1.09 + 0.45 when compared with mean
CIMT value of 0.57 £ 0.06 in NP. Further, when we looked
at prevalence of positive CIMT (value > 1 mm); it was seen
to occur in 53% of subjects with CP compared with none
in NP (Table 2). Beck et al. were the first to demonstrate a
higher mean CIMT value in severe and moderate periodontitis
than in NP (0.82. 0.77, 0.74 respectively).'” In the same
ARIC study, the prevalence of positive CIMT (defined as
>1 mm) was totally 26.4% (15.5% in severe and 10.9% in
moderate periodontitis, odds ratio 2.0 and 1.4 respectively)
compared to 7.8% in controls. In another recent study,
Loépez et al. have shown significantly higher CIMT value in
subjects with periodontitis (0.77 + 0.26) than those without it
(0.68 £0.13)." Even in younger population, periodontitis has
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been shown to be associated with subclinical atherosclerosis.*¢
The present study observed a very high mean CIMT value
and higher prevalence of positive CIMT in this region of
India. This could probably be related to multiple factors
such as ethnicity, late diagnosis, lower socioeconomic status,
ignorance and lack of access for treatment in the regional
population.

However the limitation of mean CIMT value in small sample
size is that it can get skewed due to single large value. So to
overcome this, we analyzed how well CIMT value correlates
well with periodontal indices. CIMT had alarge and significant
correlation with all periodontal indices (Table 3, Graphs 1-5)
with strongest correlation seen with CAL (r = 0.822,
P < 0.001). This corroborated that periodontitis can predict
atherosclerosis at subclinical level. Lopez et al. had shown
periodontitis to be independent predictor of CIMT."

Cairo et al. had similarly demonstrated in a cross sectional
study, wherein the mean PD and full mouth bleeding score may
predict sub-clinical atherosclerosis and systemic inflammation
in young adults with severe periodontitis."”

However, when it comes to day to day dental practice,
assessment of cardiovascular risk by measuring CIMT is often
cumbersome, time consuming and relatively expensive. On
the other hand, measurement of CRP is quick, inexpensive
and does not require skilled expertise of a radiologist. It is
well-known that CRP is itself an important general marker
of increased risk for cardiovascular events and has also been
shown to add to risk prediction based on conventional risk
factors.** So after having already shown higher CRP levels
and higher CIMT values in patients with CP, our next aim
was to assess predictive utility of CRP by testing Pearson

Table 3: Pearson correlation of CIMT with CRP and CIMT with each

periodontal index in s aphs 1-5).
Subjects | CIMT GI OHI-S  PD CAL | CRP
1 0.83 2.4 4 4.2 22 11.9
2 0.75 22 4 6.2 34 11.3
3 2.18 3 5.3 8.2 S.5 68.7
4 1.28 2.5 6 8.9 2.9 12.1
S 1.12 3 4.6 5.4 4.5 37.3
6 0.92 2.6 5.9 9.1 32 14
7 0.68 2 3.1 3.5 2.1 8.1
8 1.12 2 4.7 4.7 22 11.2
9 1.32 29 6 8.9 3.1 15.9
10 1.42 29 6 8.9 4 21
11 1.56 3 4.5 6.4 5.2 37.7
12 0.68 2 3.1 32 2.5 7.1
13 1.48 3 6 7.2 4.1 25.7
14 0.62 2 3.1 32 2.5 6.7
15 0.52 2 3 32 2.1 5.0
Pearson (r) r=0.810 | r=0.700 | r=0.686 | r=0.822 | r=0.863

Graph1 | Graph2 | Graph3 | Graph4 | Graph$

CRP: C-reactive protein, CIMT: Carotid intima media thickness, CP: Chronic periodontitis,
GI: Gingival index, OHI-S: Oral hygiene index-simplified, PD: Probing depth, CAL: Clinical
attachment loss.
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correlation and diagnostic characteristics of CRP (sensitivity

and specificity).

The Pearson correlation between CRP and CIMT showed a
very large and significant correlation (r = 0.863; Table 3 and
Graph $S) thereby supporting role of CRP as predictor for
atherosclerosis in CP. In terms of diagnostic characteristics of
CRP for a positive CIMT in subjects with CP, the sensitivity
and specificity of CRP was 100% and 57%, respectively with
accuracy of 79% (Table 4). Lower specificity is biologically
plausible because first of all acute phase response is essentially,
and inescapably a non-specific response.”® Then secondly, a
positive CRP antedates the development of atherosclerosis
by several years and it is the persistent elevation of CRP which
would contribute to the pathogenesis of atherosclerosis. Rifai
et al. in their debate on specificity on CRP for vascular disease
have shown that the relative risk for future cardiovascular
events increased significantly with each increasing quartile of
baseline CRP level.** Hence, those subjects with positive CRP
and negative CIMT would be probably those cases whom
atherosclerosis may occur later.

Regardless of the specificity and underlying mechanisms,
the empirical measurement of CRP has high negative
predictive value i.e., a negative CRP would rule out the risk
for atherosclerosis in such individuals. Conversely, a positive
CRP would motivate both the clinician and the patients for
taking preemptive measures not only for CP but also for all
other existing modifiable risk factors. The sensitivity and
specificity of CRP for CP in the total study population was
73% and 93% respectively with accuracy of 83% (Table 5).
To add statistical power to this, we derived the ROC curve
area. The area under curve was more than 0.9 with curve being
closer to the upper left corner (Graph 6). Here, the higher
specificity of CRP is obvious because of chronic inflammation
happening in CP.

To summarize, the effect of CP on CRP is large (1.13) and
a positive CRP is 38.5 times more likely to occur in CP than
controls. Positive CRP strongly correlates with positive CIMT.
Positive CRP is highly sensitive albeit non-specific indicator of

Table 4: Sensitivity and specificity of CRP in predicting positive CIMT

in CP.
Testresult | CIMT CIMT Diagnostic characteristics
positive | negative
CRP positive 8 3 Sensitivity — 100%, Specificity — 57%
CRP negative 0 4 Accuracy - 79%
CRP: C-reactive protein, CIMT: Carotid intima media thickness, CP: Chronic periodontitis.

itivity and specificity of CRP in total study population.
Test result CP NP Diagnostic characteristics
CRP positive 11 1 Sensitivity - 73%, Specificity - 93%
CRP negative 4 14 Accuracy - 83%

CP: Chronic periodontitis, CRP: C-reactive protein, NP: Non-periodontitis.
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Graph 6: Receiving operating characteristic curve of CRP in
the study population.

an ongoing disease process in the body that deserves serious

and careful medical attention.

Conclusion
Increased CIMT is observed in subjects with CP, which is
independent of conventional risk factors. CRP is a useful and

sensitive marker to predict cardiovascular disease in such

subjects.
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