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ABSTRACT

Introduction: Chronic periodontitis is an infectious disease resulting in inflammation within the 
supporting tissues of the teeth, progressive attachment loss, and bone loss. In addition to declining 
oral health, there is always low grade infection present in periodontitis. Studies show increased 
levels of systemic biomarkers in periodontal disease such as CRP, which is considered a key-marker 
of CVD. Research has also shown positive association between BMI and smoking with periodontitis 
and CRP. The objective of the study was to assess the levels of CRP in patients with and without 
periodontitis and their relation with BMI and smoking behaviour.

Methods: Patients visiting the Dental department of Bir Hospital were invited to participate in the 
study. Total 31 subjects in each group: Case (periodontitis) and Control (without periodontitis) were 
selected using convenience sampling technique. All subjects underwent periodontal examination by 
a single examiner. Serum CRP samples were taken before periodontal treatment. Data analysis was 
done by SPSS 17 software program.

Results: Increase in mean CRP levels in periodontitis (5.8595mg/L) with high statistical significance 
(P=0.000) in comparison to subjects without periodontitis (1.1214mg/L) was observed. BMI showed 
positive association with periodontitis (P=0.046) but not with CRP (0.213). Smoking behaviour 
showed no significant relation with either CRP (P=0.344) or periodontitis (P=0.541).

Conclusions: We found highly significant association between periodontitis and CRP levels but 
not always with BMI and smoking. CRP, which is an established marker for CVD was significantly 
increased in periodontal infections. Hence, a close interaction among Physician, Periodontist and 
Patient to prevent adverse health situations is recommended.
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INTRODUCTION

Periodontitis is a chronic infection of gingiva 
characterized by loss of attachment between tooth 
and bone and bone loss.1 Although periodontitis is 
chronic in nature, acute-phase elements are also part of 

immune-response in periodontitis and confirm presence 
of systemic inflammation.2,3 C-reactive protein (CRP) 
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is regarded as biomarker of systemic inflammation 
and elevated plasma CRP levels as risk predictor for 
cardiovascular disease (CVD).4 

Smoking is another variable strongly related to both 
CVD as well as chronic periodontitis (CP).5,6 CP and 
body mass index (BMI) are jointly associated with 
increase in CRP levels in otherwise healthy adults.7 

When compared with unaffected control populations, 
patients with periodontitis have increased serum levels 
of CRP.8 Often, smoking and BMI are seen strongly 
associated with both periodontitis and CRP levels.5 
Severe periodontitis and increased BMI jointly cause 
increase in CRP in otherwise healthy adults.7  

We aim to find out the associations of periodontitis 
cases with elevated CRP levels and their comparison 
with BMI and smoking.

METHODS

A hospital based cross-sectional observational study 
was carried out in the Department of Dental Surgery, 
Periodontology and Oral Implantology (Perio) Unit, 
National Academy of Medical Sciences (NAMS), Bir 
Hospital, Kathmandu from September 2013 to March 
2015. 

Ethical Approval was taken from IRB-NAMS. The 
written consents were taken from the participants. 
Confidentiality was maintained to the utmost. No 
names, documents or results are disclosed/circulated 
anywhere other than hospital doctors or research guide. 
The names of the participants do not appear in the final 
report.

The inclusion criteria included: individuals of ≥25years 
of age with presence of at least one tooth (anterior/
posterior) having periodontal probing depth (PPD) ≥5-
7mm in each quadrant; presence of >16 teeth in mouth 
excluding third molars. Whereas exclusion criteria 
comprised of: presence of known systemic diseases/
infections that may influence the course of CP; history 
of antibiotics, NSAIDs or mouth rinses within last three 
months; periodontal treatment three months prior to 
study; pregnant or intention of becoming pregnant at 
the examination time; lactating females; individuals 
taking oral contraceptive pills; patients requiring 
emergency treatment; regular use of medication; history 
of trauma or tooth extraction in the past month; refusal 

of informed consent.

Minimum of 31 subjects in each group i.e., 31 cases 
(with CP) and 31 controls (without CP) in altogether 62 
patients were enrolled in the study.

The sample size was calculated by using data from the 
study of Paraskevas et al. (2008)4 in formula:

Z2
 S

2 
      d2

αn= = 30.884

Convenience sampling was taken. The volunteers 
were screened in Perio Unit for presence or absence 
of periodontitis. Initial data was obtained by history 
taking and clinical examination. All subjects underwent 
periodontal examination by a single examiner. The 
instruments used were: mouth mirror and University of 
North Carolina (UNC)-15 periodontal probe. Peripheral 
blood samples for serum CRP test were taken before 
periodontal treatment. The findings were filled in the 
proforma developed for this study and data was entered 
in Microsoft Excel. The statistical analyses were 
performed using Statistical Package for Social Sciences 
(SPSS) software program version 17.0.Chicago: SPSS 
Inc.

The difference in CRP levels among study groups and 
its association with BMI, smoking status (current, 
former versus non-smoker) and number of cigarettes 
per day was evaluated. The significance of the various 
parameters in both groups was assessed by Independent 
t-test. P-value <0.5 was considered significant. 
Potential confounders considered were: age, ethnicity, 
gender, dietary habits, academic background (primary, 
secondary, higher-secondary etc), and occupation. 

RESULTS

A total of 62 individuals, both males and females, ≥25 
years age were included in the present study.

Table 1. Relationship of Periodontitis with Serum 
CRP levels.

Sample 
(n)

Mean
(mg/L)

Standard 
deviation

Standard 
error 
mean

CRP Case 31 5.8595 4.56581 0.82004
Control 31 1.1214 0.89266 0.16033

P value = 0.000, Independent t-test (2-tailed) at confidence 
interval 95%
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Table 2. Relationship of periodontitis with demographic characteristics and variables.

Parameters Case (31) Control (31) Total (62) P value

CRP mg/L n (%) n (%) n (%)

0-3 7 (22.6) 30 (96.8) 37 (59.7) 0.000

>3 24 (77.4) 1 (3.2) 25 (40.3)

Smoking behavior

Current smoker 8 (25.8) 7 (22.6) 15 (24.2)

Former smoker 8( 25.8) 5 (16.1) 13 (21) 0.541

Nonsmoker 15 (48.4) 19 (61.3) 34 (54.8)

Cigarette per day

<5 16 (51.6) 24 (77.4) 40 (64.5)

5-<10 8 (25.8) 2 (6.5) 10 (16.1)

10-<15 5 (16.1) 2 (6.5) 7 (11.3) 0.066

15-<20 - 2 (6.5) 2 (3.2)

>20 2 (6.5) 1 (3.2) 3 (4.8)

BMI

Underweight - - -

Normal 19 (61.3) 26 (83.9) 45 (72.6) 0.046

Overweight 12 (38.7) 5 (16.1) 17 (27.4)

Obese - - -

Age (years)

25-35 10 (32.3) 20 (64.5) 30 (48.4)

36-50 14 (45.2) 8 (25.8) 22 (35.5) 0.037

>50 7 (22.6) 3 (9.7) 10 (16.1)

Dietary habits

Mixed 22 (71) 22 (71) 44 (71) 1.000

Vegetarian 9 (29) 9 (29) 18 (29)

Sex

Female 13 (54.2) 11 (45.8) 24 (38.7) 0.602

Male 18 (47.4) 20 (52.6) 38 (61.3)

Ethnicity

Aryan 20 (64.5) 26 (83.9) 46 (74.2)

Mongoloid 2 (6.5) - 2 (3.2) 0.140

Mixed 9 (29) 5 (16.1) 14 (22.6)

Occupation

Business 3 (9.7) 6 (19.4) 9 (14.5)

Farming 1 (3.2) 1 (3.2) 2 (3.2)

Manual Labourer 3 (9.7) 4 (12.9) 7 (11.3) 0.7

Service 15 (48.4) 10 (32.3) 25 (40.3)

Unemployed 9 (29.0) 10 (32.3) 19 (30.6)

Educational level

Primary and below 4 (12.9) 1 (3.2) 5 (8.1)

Secondary 3 (9.7) 6 (19.4) 9 (14.5) 0.347

Higher secondary 4 (12.9) 6 (19.4) 10 (16.1)

Bachelors and above 20 (64.5) 18 (58.1) 38 (61.3)

Coincidently, both cases and control groups in present study had equal distribution of Mixed (22, 71%) and Vegetarian (9, 
29%) dietary habits (Table 2).
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Table 3. Relationship of CRP levels with demographic characteristics and variables.

Parameters CRP 0-3mg/L 37 (59.7%) CRP>3mg/L 25 (40.3%) Total (62) P value

n (%) n (%) n (%)

Case/Control

Case 7 (22.6) 24 (77.4) 31 (50) 0.000

Control 30 (96.8) 1 (3.2) 31 (50)

Smoking behavior

Current smoker 8 (53.3) 7 (46.7) 15 (24.2)

Former smoker 6 (46.2) 7 (53.8) 13 (21) 0.344

Nonsmoker 23 (67.6) 11 (32.4) 34 (54.8)

Cigarette per day

<5 28 (70) 12 (30) 40 (64.5)

5-<10 4 (40) 6 (60) 10 (16.1)

10-<15 2 (28.6) 5 (71.4) 7 (11.3) 0.078

15-<20 2 (100.0) - 2 (3.2)

>20 1 (33.3) 2 (66.7) 3 (4.8)

BMI

Underweight - - -

Normal 29 (64.4) 16 (35.6) 45 (72.6) 0.213

Overweight 8 (47.1) 9 (52.9) 17 (27.4)

Obese - - -

Age (years)

25-35 20 (66.7) 10 (33.3) 30 (48.4)

36-50 12 (54.5) 10 (45.5) 22 (35.5) 0.538

>50 5 (50) 5 (50) 10 (16.1)

Dietary habits

Mixed 27 (61.4) 17 (38.6) 44 (71)

Vegetarian 10 (55.6) 8 (44.4) 18 (29) 0.672

Sex

Female 15 (62.5) 9 (37.5) 24 (38.7) 0.719

Male 22 (57.9) 16 (42.1) 38 (61.3)

Ethnicity

Aryan 28 (60.9) 18 (39.1) 46 (74.2)

Mongoloid 1 (50) 1 (50) 2 (3.2) 0.931

Mixed 8 (57.1) 6 (42.9) 14 (22.6)

Occupation

Business 6 (66.7) 3 (33.3) 9 (14.5)

Farming 1 (50) 1 (50) 2 (3.2) 0.849

Manual Labourer 5 (71.4) 2 (28.6) 7 (11.3)

Service 13 (52) 12 (48) 25 (40.3)

Unemployed 12 (63.2) 7 (36.8) 19 (30.6)

Educational level

Primary and below 2 (40) 3 (60) 5 (8.1)

Secondary 8 (88.9) 1 (11.1) 9 (14.5) 0.230

Higher secondary 6 (60) 4 (40) 10 (16.1)

Bachelors and above 21 (55.3) 17 (44.7) 38 (61.3)
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Out of 31 individuals, 26 subjects without periodontitis 
had normal BMI (P=0.046; Table 2). No significant 
association of CRP with age, gender, BMI, dietary habits, 
educational level or occupation reported. However, a 
statistically significant relationship was observed with 
Ethnicity (P=0.026) with “Aryans” being more in the 
Control group (Table 3).

DISCUSSION

Periodontitis, a chronic inflammatory disorder caused by 
bacterial plaque, is one of the most common but often 
undiagnosed diseases in human. It is characterized by 
the destruction of tooth-supporting tissues. Periodontal 
disease is the most important cause of tooth loss in 
individuals >45 years and along with caries, is the 
most frequent oral health problem worldwide.9 In the 
current study, individuals of 25 years and above were 
invited to participate as CP commonly affects middle-
aged adults and elderly.10

Several biochemical markers of systemic inflammation 
have been identified in periodontitis. The quest for 
markers like CRP, that are indicative of periodontal 
disease, is a long one and the correlation of marker levels 
with systemic disease multiplies the importance of such 
markers.11 CRP has recently gained special attention as 
a risk factor for cardiac and cerebrovascular events.4

Many investigators have implicated that chronic 
infections as well as inflammatory mechanisms play 
a major role in atherogenesis and CVD and consider 
CP as a risk factor of CVD.12,13 A number of studies 
have examined the relationship between CRP and 
periodontitis.8,14 Recent evidence indicates that 
patients with periodontitis have increased serum 
levels of CRP when compared with unaffected control 
populations.8,12,15,16

The present study was undertaken to further investigate 
and substantiate the relationship of elevated levels of 
high-sensitivity-CRP (hs-CRP) with CP and to assess the 
cardiovascular risk in patients with CP by examining 
their serum CRP levels and comparing them with those 
of Controls. It is one of the first epidemiological studies 
done in hospital population in Nepal and very few 
publication of such study exists till date.

The normal range of CRP levels in healthy individuals 
is noted to be 2-3mg/L. CRP >3mg/L is considered 
indicative of high risk for developing atherosclerotic 
CVD. Whereas according to American Heart Association 
(AHA),17 cardiac risk and CRP levels can be correlated 
as<1mg/L = low risk, 1-3mg/L = moderate risk, >3 
mg/ L = high risk. 

In this clinical study, comparison among the mean CRP 

levels in Case (CP) and Control (without CP) showed 
an increase in mean CRP levels in CP with a high 
statistical significance (P=0.000) in comparison to 
subjects without CP (Table 1). This was in accordance 
with the findings of Slade et al.,7 Loos et al.,2 Gani 
et al.,8 and Schenkein et al.11 Similar to the studies, 
where CRP levels were significantly lower in individuals 
without CP than with CP, in current study the control 
group demonstrated near normal CRP level (Table 1) 
indicating little or no risk for CVD.8,12,18 However, Ide et 
al.19 reported no significant changes in CRP levels, and 
improvement in periodontal health also did not influence 
the levels of vascular markers. It could be because of 
their small sample size and short follow-up with blood 
samples measured at 0, 15, 30, 60 and 120 minutes 
post scaling and root planing. 

Experimental conformation of the present study 
further emphasize that another widely prevalent and 
preventable contributor to the burden of CVD (in form 
of periodontitis) would be added to the options available 
to the clinicians and public health practitioners for the 
control of the epidemic of CVD.20

Another etiological factor that has been strongly 
associated with periodontitis as well as CVD is tobacco 
smoking. Smoking behaviour was categorized as 
Current smokers, Former smokers and Nonsmokers.21 

Current smokers have smoked ≥100 cigarettes in their 
lifetime and currently smoke, Former smokers have 
smoked ≥100 cigarettes in their lifetime and do not 
currently smoke and Nonsmokers have not smoked 
≥100 cigarettes in their lifetime and do not currently 
smoke.

Comparison of CRP with smoking behaviour showed no 
significant relation (P=0.541; Table 3) in contrast to 
Shahabi et al.6 study, which demonstrates significant 
relationship of CRP levels and smoking (P=0.001). The 
difference could be attributed to a separate grouping of 
“former smokers.” Also majority of subjects were Non-
smokers (Table 2). This study is also in disagreement 
with Vu et al.22 who reported an average risk with hs-
CRP levels (>1-<3mg/L) in smokers. The difference in 
results could be attributed to short term follow-up (one 
month) of their study. Thus hs-CRP should be measured 
at more points of time. The Nonsmokers percentage 
was more than twice in CRP group of ≤3mg/L 
indicating decreased cardiac risk. This variation about 
smoking and periodontal disease could be attributed to 
cultural pressures influence self-reporting of cigarette 
consumption5 thus affecting the accuracy of smoking 
behaviour and number of cigarettes per day. In a society 
like ours, where despite the increased prevalence of 
smokers, cigarette smoking is considered a taboo or 
adverse habit, individuals might not have given true 
smoking status, hence accounting for more number 
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of “nonsmokers” in the present study. However, our 
results did show that there were more “nonsmokers” 
(19, 61.3%) in control group.

CP and BMI are jointly associated with increase in CRP 
levels in otherwise healthy adults.7 Numerous studies 
on BMI and persistent subclinical inflammation and risk 
of associated death have been published. BMI can be 
calculated using standard formula (weight in kilograms 
divided by the square of height in meters).7

Epidemiological studies have shown positive association 
between BMI and Periodontitis and BMI and CRP 23,24 
and the primary mechanism is thought to be production 
of TNF-α  by adipocytes, which in turn, stimulates CRP 
synthesis in liver.23 Recently, Pitchika et al.14 reported 
significant positive association between hs-CRP with 
gingivitis, smoking and overweight/obesity. Present 
study also showed statistically significant (P=0.046) 
relation of periodontitis and BMI (Table 2). However, 
among all subjects, there were no underweight or 
obese in present study, thus explaining lack of relation 
of CRP with BMI (Table 3). BMI categories used in this 
study was the World Health Organization (Geneva, 
Switzerland) and the National Heart, Lung, and Blood 
Institute (Bethesda, Maryland, USA) developed standard 
categories of BMI,25: BMI of <18.5 = underweight, 
BMI between 18.5-24.9 = normal weight, BMI between 
25.0-29.9 = overweight, and BMI of ≥30 = obesity.

In periodontitis and obesity, there is 2-stage hepatic 
activation of the CRP response, one that induces mild 
CRP elevation (i.e. a 1.8-fold increase in individuals 
with BMI <30) and a second dynamic response that 
results in a 3-to-1000-fold increase in CRP, above 
the 10mg/L cutoff point. This is consistent with the 
fact that periodontal disease progression is episodic 
with periods of acute exacerbation. Thus, periodontal 
diseases serving as both chronic and acute stimulus of 
hepatic CRP. 

The results agreed with previous 39-year long follow-up 
study (Vu et al.)22 which showed higher levels of CRP 
in overweight and obese individuals. However, it is in 
contrast with Awad et al.24 study which did not show 
significant association of periodontitis with BMI.

Increasing importance has been placed on the social 
determinants like academic background, occupation, 
socioeconomic status (SES) and race/ethnicity on health 
and disease. There was no association observed of CRP 
with BMI, age, gender, similar to Steele et al.26 but it 
was significant with ethnicity (P=0.026) with more 
“Aryans” in Control group. It could be because majority 
of sample size (46, 74.19%) were Aryans (Table 3).

The present study also showed statistically significant 

(P=0.037) relationship of increasing age with 
periodontitis (Table 2). This is in agreement with 
Bourgeois et al.27 They reported that prevalence and 
severity of periodontitis increased with age. Similarly, 
Albandar et al.28 demonstrated that age as well as 
gender may influence periodontal health and individuals 
between 40-50 years old had worse periodontal health. 
Accordingly, Holtfreter et al.29 demonstrated that 
76.9% of adults (35-45years) had PPD≥4mm.But 
no such correlation was seen with varying CRP levels 
and age (Table 3). In contrast, Bonfim et al.30 reported 
significant association of periodontitis with years of 
schooling, racial background and SES. Periodontal 
health was worse (≥6mm) in adult females of black/
mixed race with ≤8years of schooling and least income 
thus concluding that socioeconomic and demographic 
characteristics were related with CP. 

One reason for demographics having no significant 
relationship with CP could be because it was self-reported 
criteria and patient may not always have been truthful 
with the examiner. Also the criteria for occupation should 
have been more specific. Government, public/private 
workers, even banker as well as lawyers were placed 
under single variable “Service.” Students, homemakers, 
and unemployed were categorized together. And, for 
business and manual-labour, what kind of business or 
manual labour not specified? Drivers were placed under 
manual-labour but they could have been in government 
service as well. And even helpers in the government job 
considered themselves to be included under Service. 
Clearly defined criteria would have ascertained the 
relationship more accurately. About “Education”, 
majority of our sample were graduate and above (Table 
2). One reason could be because of lack of oral health 
awareness in less educated individuals of Nepal. 

Unlike studies in Western population, where non-
hispanic Blacks seem to have more prevalence and 
severity of CP, no such correlation could be observed in 
current study. Proper evaluation could not be performed 
as most subjects were Aryan (46, 74.19%) (Table 2).

About association with gender, numerous authors have 
stated that gender can play an important role in the health 
or disease due to varying health behaviours. Majority 
of studies show women have better oral hygiene than 
men and visit the dentist more often. However, few 
research report adult females having worse periodontal 
status.30 The authors argued that the disparity could 
be because theirs’ was a household study and females 
continue to be home more often. In contrast, no 
significant difference observed with gender in present 
study. Determining gender-specific differences in 
CRP may alter how CRP levels are interpreted and 
used to determine risk. Lakoski et al.17 reported that 
overall women had higher median CRP compared 
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with men (2.56 vs 1.43mg/L) despite accounting for 
BMI and other common confounding variables. This 
gender difference was maintained across all ethnic 
subgroups. In contrast, Holtfreter et al.29 demonstrated 
the prevalence of PPD≥4mm were higher among men. 
These results suggest that evaluation of gender-specific 
CRP to determine cardiovascular risk.

Periodontitis is a mixed infection of supporting 
structures of the teeth, and thus leads to a port of entry 
for bacteria. The total volume of inflamed periodontal 
tissue may also play a vital role. Subsequently, the 
bacteremia as well as cytokines from the periodontal 
lesion will stimulate the hepatocytes and leukocytes to 
produce CRP. In the present study also, there was a 
tendency for higher CRP levels in CP cases compared 
to controls. While this difference between control 
and periodontitis case group is highly significant, the 
elevated CRP levels in both the groups are above the 
margin of risk that cannot be ignored. CRP is a very 
early and sensitive marker of chronic inflammation. In a 
systemic environment that does not cloud its levels, its 
value can yield very useful information for the diagnosis 
of the underlying inflammatory condition.

AHA, Centers for Disease Control and Prevention 
guidelines support the measurement of CRP in 
individuals with periodontal diseases for early diagnosis 
of risk for heart disease.17

The limitation of the study was that it was only a 
comparative cross sectional (observational) study 
for short period of time with small sample-size. CRP 
levels post periodontal treatment, were not compared. 
It is also important to highlight that etiology of both 
periodontitis and CVD is multifactorial and hs-CRP as 

marker of systemic inflammation is only one of the many 
biochemical markers which have not been included in 
the present study.

CONCLUSIONS

There was highly significant association between 
periodontitis and CRP levels but not always with BMI 
and smoking. The association of a persistent infection 
such as CP with hs-CRP levels is highly significant 
which potentially has an impact on inflammation 
associated atherosclerotic processes, like CVD. The 
knowledge that elevated CRP levels due to periodontitis 
has potential utility as risk marker for CVD should be 
emphasized.

Hence, multi-centric, large population based 
interventional studies with CRP levels measured at 
baseline and one, three and six months after periodontal 
therapy is recommended. Measurements of other 
concurrent systemic inflammatory parameters alongside 
would be useful. A close interaction of general physician 
and periodontist to prevent adverse health situations is 
strongly needed.
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