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SUMMARY 

 Chronic non-communicable diseases are increasing to epidemic levels around the 

world. Coronary heart diseases (CHD) remain as a major cause of death in the developed 

world and there is an escalation in developing countries. A strong link between periodontal 

disease (PD) and CHD has been provided through epidemiological and  

clinico-pathological studies. Systematic reviews report a consistent and significant, albeit week 

association between periodontal disease and CHD. There is still lack of properly designed clinical 

trials to demonstrate periodontal infections as independent factors of CVD risk.  Studies have 

identified various risk factors and confounders common to both periodontitis and CHD. 

Biological markers of systemic inflammation have reliably been linked to CHD and are observed 

at elevated levels in periodontitis cases.   

 Systemic inflammation having an etiopathogenic link with atherosclerosis, the underlying 

cause of CHD, is one of the accepted pathways of explaining the association of periodontitis to 

CHD. The higher levels of systemic CHD risk factors in patients of periodontitis and the reported 

modification in these factors by altering periodontal inflammation through intervention trials 

strengthen this notion. An alteration in periodontal inflammatory status through mechanical and 

/or antibiotic therapy and the consequent change in systemic markers of endothelial function, 

IMT, and serum inflammatory mediators (CRP fibrinogen, WBCs, etc) associated with CHD risk 

is established in studies. 

 This single-blind parallel-arm randomized controlled clinical trial observed the 

influence of periodontal treatment on serum inflammatory mediators of hsC-reactive 

protein, white blood cells and fibrinogen in cardiac patients with periodontitis. Change in 

serum levels of hsCRP, fibrinogen and WBCs was noted as a result of change in 

periodontal status measured through bleeding on probing (BOP), periodontal probing 

depth (PPD), and clinical attachment loss (CAL) after application of nonsurgical 

mechanical periodontal therapy.  

The results of this randomized trial show that systemic inflammatory markers of 

hsCRP, fibrinogen and WBCs were raised in patients with CHD and periodontitis. At 

baseline more than 50% subjects were found with CRP (>3mg/L), fibrinogen 

(>300mg/L) and WBC (>7.00x109/L) levels, that are associated with  
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higher risk for CHD. Application of nonsurgical periodontal treatment resulted in a 

clinically significant reduction of periodontal parameters of BOP and PPD and in mean 

levels of CRP, fibrinogen and WBC in intervention group. The change in levels of 

periodontal parameters and inflammatory markers was statistically significant between 

intervention and nonintervention groups (p<0.001) at end of study. There was a 52% 

reduction in number of patients with CRP levels of >3mg/L in intervention group. 

 The favorable effect on CRP, WBCs and fibrinogen levels observed in this trial 

shows the clinical efficacy of mechanical periodontal therapy in CHD patients. 

Estimation of effect-size of periodontal therapy resulted in relative risk reduction (RRR) 

of 45%, absolute risk reduction(ARR) of 18% and number needed to treat (NNT) of 1/5 

showed that one in five CHD patients may benefit from periodontal therapy for reduction 

in CHD risk factors. Conclusively it may be said that periodontal screening of CHD 

patients in conjunction with other traditional / emerging CHD risk factors might help 

identify individuals at higher risk for CHD who may benefit from periodontal therapy. 

The impact of periodontal therapy may be significant because of the high prevalence of 

PD and common problem of CHD in populations; further large prospective studies are 

warranted. 
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1.1  NON-COMMUNICABLE DISEASES 

Currently, the world is facing epidemic levels of chronic diseases, 

especially non-communicable diseases (NCDs) such as cardiovascular diseases, 

diabetes, cancer, and chronic respiratory diseases have become the leading cause 

of death in every region of the world (WHO, 2009). It is predicted that NCDs will 

be causing 7 out of every 10 deaths in developing countries by 2020 (Boutayab et 

al. 2005) and 60% of all mortality will be attributable to NCDs (Puska P, 2002). 

Eastern Mediterranean countries are sharing 47% of the region’s disease burden 

due to NCDs that is expected to rise to 60% by the year 2020 (Khatib O, 2004). In 

view of the estimates of the growing burden of NCDs on less developed countries 

(Murray et al. 2000) and reported epidemic levels of these chronic diseases; 

NCDs have started to receive more recognition and attraction (NAP, 2004). 

 World Health Organization (2003) has reported CVDs responsible for 

50% of deaths in developing countries. People of South Asian descent have one of 

the highest risks of CVD in the world. Thus it is likely that escalation of the 

global CVD epidemics will be particularly noted in countries such as Pakistan and 

India (WHO, 2003; Khan et al. 2006). Among the CVDs, there is an increase in 

burden of CHD in developing countries (Reddy et al. 1998) and it will be the 

leading cause of death within the next fifteen years (Lenfant C, 2001). Over the 

past three decades the incidence of coronary heart disease (CHD) has increased in 

Pakistan. In order to reduce morbidity and mortality there is need of urgent 

preventive strategies to check the worsening lifestyles of emerging urban 

communities in developing countries (Aziz et al. 2005).  

1.2  CORONARY HEART DISEASE (CHD) 

Coronary heart (artery) disease, a multifactorial disease, is one of the most 

common causes of death that is associated with atherosclerotic lesions (Joshipura 

et al. 2000). An atherosclerotic lesion can lead to coronary thrombosis and 

myocardial infarction and creation of an atherosclerotic plaque makes the 
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pathological basis of CHD and other CVDs (Katz et al. 2001).The formation and 

progression of atherosclerotic plaques involves many stimuli such as lipids (Beck 

et al. 2000), hypertension and smoking (Neaton and Wentworth, 1992), diabetes, 

homocysteine, infectious agents, and others that cause endothelial dysfunction 

(Niccoli et al. 2001) and a local inflammatory response that plays a pivotal role in 

determining the transition from endothelial dysfunction to plaque formation 

(Joshipura et al. 2000). Literature refers to a possible connection between 

infection and development of atherosclerotic lesion (Armitage et al. 2000) and 

association of inflammation with CHD (Armitage et al.2000; DeStafano et al. 

1993). 

Epidemiological and clinical studies have been identified for an 

association between oral and systemic diseases (Genco et al. 2005; Taylor et al. 

2004). Joshipura et al. (2000) has reported relationship of poor oral health (mainly 

due to periodontal disease and tooth loss) and increased risk of CVD, pulmonary 

diseases, diabetes, pregnancy outcomes, and all cause mortality.  

1.3  PERIODONTAL DISEASES 

Periodontal diseases and dental caries have historically been considered 

the most important global oral health burdens (Petersen et al. 2005a) and their 

prevalence with world-wide variations in severity and rate of progression (Loe et 

al. 1986) remains high in developing countries (Beiruti N, 2005), although these 

diseases may not necessarily be extensive or severe in indigenous populations 

(Ronderos et al. 2001).  

American Academy of Periodontology (AAP) (1996) has stated in its 

position paper on “epidemiology of periodontal diseases” that periodontal disease 

is a chronic bacterial infection of the supporting structures of the teeth. It is 

recognized that periodontal disease is prevalent in all age groups; current view is 

that some 5-20% of any population suffers from severe generalized periodontitis 

even though moderate disease affects a majority of adults. Position paper (AAP, 

1996) explained that if the minimum level of disease is defined as “one site with 
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clinical loss of attachment (CAL) of 2 mm or more” around 80% of all adults are 

affected and over 90% of those aged 55-64 years”.  

Prevalence and severity of oral diseases is affected by age, sex, race, 

geographic area, socioeconomic factors, local and systemic factors, and oral 

hygiene practices (WHO, 1978). The widely accepted etiological factors for 

periodontal diseases are pathogenic oral microflora (Haffajee et al. 2004), genetic 

predisposition (Michalowicz et al. 2000), diet and life-style (Nishida et al. 2005), 

systemic diseases (Beck et al. 1996), sociodemographic factors (Klinge et al. 

2005), host-response (Ammons et al. 1972), and emotional and psychosocial 

stress (Castro et al. 2006). The host response to infection plays an important 

factor in determining the extent and severity of periodontal disease (Ammons et 

al. 1972). 

1.4  ASSOCIATION OF PERIODONTAL DISEASES AND 

CVDs / CHD 

Evidence on potential pathological effect of oral infections on the onset 

and progression of systemic diseases is accumulating in scientific literature as 

infections in mouth can cause damage elsewhere in the body (ADA, 1998). 

Biomedical research is gathering evidence to unravel the possible association 

between oral infections and systemic health. The significance of the oral cavity 

stems from the fact that “mouth is a mirror of health or disease, a sentinel or early 

warning system, an accessible model for the study of other tissues and organs and 

as a potential source of pathology affecting other systems and organs”(NIDCR, 

2000). O’Reilly et al. (2000) has reported role of oral sepsis, apparently an old 

concept, in the etiology and pathogenesis of systemic conditions.  

Studies (Mattila et al. 1989; DeStefano et al. 1993; Genco et al. 1999; 

Mattila et al. 1995; Joshipura et al. 1996; Elter et al. 2004) have found a possible 

association between periodontal disease and CVD / CHD, while other researchers 

have regarded this association as weak or coincidental and not strong enough. 

(Hujoel et al. 2000a; Howell et al. 2001) However a review by Armitage GC 
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(2000) declared the data on PD-CHD association a strong enough and in a meta-

analysis by Humphrey et al. (2008) it was concluded that periodontal diseases is a 

risk factor for CHD.  Bahekar et al. (2007) reported that CHD is more prevalent in 

periodontitis patients and independently predicts CHD. Page RC (1998) reviewed 

cross-sectional, case-control, and follow-up studies and concluded a positive 

association of poor oral health with CHD. The meta-analysis by Janket et al. 

(2003) associated periodontal disease with a 19% increase in risk of future CVD. 

Another meta-analysis by Khader et al (2004) reported eight studies showing 

higher risk of CHD in subjects with periodontitis after adjusting for possible 

confounding factors. Literature search revealed studies reporting an association of 

oral health to CVD (Buhlin et al. 2002), periodontitis with carotid calcification 

and stroke (Persson et al. 2002), tooth loss and periodontal parameters 

(periodontal pocket and clinical attachment loss) with cases of myocardial 

infarction (MI) and angina (Lo’pez et al. 2002), and chronic periodontitis with 

future events of acute MI (Persson et al. 2003).  However Tuominen et al. (2003) 

reported no association of oral health indicators like dental caries, presence of 

remaining teeth, periodontal diseases, dental plaque, and dentures to CHD deaths.  

Several patho-physiological pathways of association have been postulated 

to explain oral-systemic connections. Chronic oral and systemic diseases share 

many common risk factors such as heredity, age, gender, education, sedentary life 

style, smoking, diet, and obesity (Page RC, 1998). Buhlin et al. (2003) compared 

cardiovascular risk factors between patients with severe periodontal disease 

(without known history of cardiovascular disorders) and healthy individuals and 

suggested an important relationship between periodontitis and CVD / CHD risk 

factors. Stöllberger and Finsterer (2002) has implicated oral infections as risk 

factors for CVDs, which are independent of the classic coronary risk factors and 

most of the risk factors identified for CVDs are also regarded as risk factors for 

periodontal disease (Kalayoglu and Byrne, 1998). The common risk factors that 

play an important role in the initiation and progression of periodontal and 

coronary heart diseases are genetics (Pasha HC, 2003; Michalowicz et al. 2000), 

life-style factors of diet, smoking, alcohol, physical activity (Nishida et al. 2005; 
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Waxman A, 2004; Powell et al. 1987), systemic diseases like diabetes (Lawlor 

and Leon, 2005; Beck et al. 1996), socio-demographic factors of age, gender, 

education income, and body mass index (BMI) (Lawlor and Leon, 2005, Dietrich 

et al. 2008; Klinge et al. 2005), and emotional and psychosocial stress (Ohlin et 

al. 2004, Castro et al. 2006). Recent data shows an ongoing investigation into 

relationship of PD and CVDs such as CHD, Stroke, and PAD. Beck et al. (2000) 

observed commonalities in PD and CHD and supposing a similar causative 

pathway in their association supported the hypothesis that periodontitis may elicit 

a systemic inflammatory response which is hallmark of cardiovascular disease. 

Systemic inflammation seems to play a central role in explaining the nature of 

association between chronic infections and atherosclerosis. (Ridker et al., 1997; 

Danesh et al., 1998; Libby et al., 2002; Pearson et al., 2003)  

1.5  ROLE OF INFLAMMATION IN THE ASSOCIATION OF 

 PERIODONTAL DISEASE AND CHD  

Periodontal disease could have a role in the initiation or progression of 

CHD and stroke through systemic inflammation as inflammation has been 

implicated in the cause and pathogenesis of atherosclerosis and its complications 

(Paoletti et al. 2004; Ross R, 1999). Recent evidence (Kweider et al. 1993; 

Ebersole et al. 1997; Slade et al. 2000, 2003; Hutter et al. 2001) has indicated that 

periodontitis patients has raised levels of CRP, hyper-fibrinogenemia, moderate 

leukocytosis, IL-1 and IL-6 when compared with controls. In other studies 

periodontitis is reported to be associated with raised systemic levels of C-reactive 

protein, TNF-α, fibrinogen (Bretz et al. 2005), white blood cells (Joshipura et al. 

2004), and cytokines (Go’rska et al. 2003); all of which have been causally linked 

to atherosclerosis-induced diseases (Offenbacher et al. 1999; Scannapieco et al. 

2003).  

Several hypotheses explain the relationship of periodontal and cardiac 

diseases that include common susceptibility, direct bacterial damage to the 

endothelium, systemic inflammation and, finally, cross-reactivity or molecular 

mimicry between bacterial antigens and self-antigens; further explanation of these 
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notions are under debate in literature (Cambel and Cambel, 1997; Seymour et al 

(2007). Thoden Van Velzen et al. (1984) also suggested three pathways for oral-

systemic connections- i) metastatic infection secondary to oral infection, due to 

transient bacteremia (presumably resulting primarily in endocarditis); ii) systemic 

inflammation from immunologic injury caused by oral bacteria; and iii) systemic 

vascular injury due to oral microbial endotoxins. Other pathways of association 

are through the effect of bacterial endotoxins on endothelial integrity, plasma 

lipoprotein metabolism, blood coagulation, platelet function, and prostaglandin 

synthesis (Buhlin et al. 2003) and an increase in proinflammatory cytokines that 

elevates inflammatory markers (Khader et al. 2004). 

Acute inflammatory markers have been used for prognosis and prediction 

of future cardiovascular events in several populations (Libby et al. 2002; 

Armitage GC, 2000). During the acute phase of inflammatory states, there are 

quantifiable increases in C-reactive protein, white blood cell count, and fibrinogen 

(deMaat et al. 1996; Kweider et al. 1993). C-reactive protein has extensively been 

discussed as an inflammatory marker of CVD risk (Koenig et al. 1999), which is 

implicated in the pathogenesis of atherosclerosis (Yasojima et al. 2001). CRP is 

stimulated by both IL-6 and IL-1β (Kushner et al. 1995), induces expression of 

adhesion molecules on endothelial cells (Verma et al. 2004), and serves as 

mediator in the pathogenesis of atherosclerotic CVD (Szmitko et al. 2003). 

Higher white blood cell counts (WBC) in acute coronary syndromes (ACS) 

increase the risk of recurrent events (Byrne et al. 2004) and total WBC count has 

strong independent correlation with risk of coronary heart disease (Grim et al. 

1985).  

Higher WBC counts were associated with severity of periodontitis in both 

the smoking and non-smoking groups (Hasegawa et al. 2002). Elevated levels of 

fibrinogen are associated with CVD (Zakai et al. 2007) and it reflects its 

contribution to atherogenesis, thrombosis, and blood viscosity (Ebrahim et al. 

1999). Montebugnoli et al. (2004) attributed the association of poor oral health 

and CHD through changes in inflammatory and haemostatic factors. Plasma 
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inflammatory markers of C-reactive protein (CRP), serum amyloid-A (SAA), 

ceruloplasmin, and other serum proteins such as α1-acid-glycoprotein (AAG), α1-

antichymotrypsin (ACT) showed an increase by three-fold in cases with both 

CVDs and periodontal disease (Glurich et al. 2002). CRP was higher in patients 

with periodontitis as compared to periodontally healthy (Noack et al. 2001) and in 

patients with coronary calcification (Wang et al. 2002). Elevated levels of CRP 

and TNF-α have been reported with increased risk for future development of 

atherosclerosis in periodontitis patients (Slade et al. 2003).  

Data from different studies suggest that periodontal bacteria can promote 

platelet aggregation (Curtis et al. 1993) and induce the formation of foam cells 

(Kuramitsu et al. 2001), which are involved in pathogenesis of atherosclerosis. 

Concentrations of pro-inflammatory markers IL-1β, TNF-α, IL-2, IFN-α were on 

the average significantly higher in serum samples and gingival tissue biopsies 

from periodontitis patients than in healthy controls (Go’rska et al. 2003).  

To fully confirm the reported elevated levels of systemic predictors for 

CHD in periodontitis patients, further research has been conducted to see whether 

treatment of periodontal disease is effective in reducing systemic inflammatory 

factors. A number of studies (Bokhari et al. 2009; Vidal F et al. 2009; D’Aiouto et 

al. 2005a, 2005b, 2004b; Montebugnoli et al. 2005; Seinost et al 2005; Yamazaki 

et al. 2005; Mattila et al. 2002; Ide et al. 2003, 2004) have provided evidence on 

the effect of periodontal treatment on serum inflammatory and haemostatic 

markers; however results are mixed and inconclusive for cause-effect relationship.  

Bouchard et al. (2010) has recently pointed out that despite the non-

availability of compelling evidence that preventive periodontal care or the 

therapeutic intervention will influence cardiac health, however in the light of the 

association, based on evidence, between PD and CVD; it can be stated that oral 

health has an influence on systemic health in general and in CVD in particular. Li 

and Fang (2004) has hypothesized that treatments that reduce serum CRP levels 

should benefit for primary and secondary prevention of CVD.  Yasny et al. (2010) 
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has also suggested periodontal screening and an effective preventive approach can 

improve surgical outcomes and overall patient health. 

1.6  RATIONALE OF STUDY 

Currently the research issue in establishing the role of periodontal disease 

in CHD risk is to define the pathways that lead to cause-effect relationship 

between PD and CHD. There is no consensus on definition of a periodontal 

disease case or the threshold level that may give clear indication for this 

relationship. Periodontal therapy has been used in different studies (Offenbacher 

et al. 2009; Bokhari et al. 2009; D’Aiouto et al. 2005a, 2004a, 2004b; 2006; 

Montebugnoli et al. 2005; Seinost et al 2005; Yamazaki et al. 2005; Mattila et al. 

2002; Ide et al. 2003, 2004, Tonneti et al. 2007) with the hope that a change in 

periodontal disease status may modify the factors associated with CHD risk.  

Many of these studies, on role of periodontal therapy in the reduction of 

CHD associated risk-factors, were based on small study samples, and very few 

studies were randomized controlled trials. So a need for large prospective studies 

is warranted in literature. There is also a dearth of research on the status and 

relationship of PD and CHD from developing countries. However few studies 

have been conducted in Pakistan to explore association of oral health to NCDs; 

five studies were conducted by the author of this randomized trial, three studies 

have been published and two studies are under peer review by international 

journals. (Annexure IV). Given the importance of control and prevention of 

periodontal infections and their influence on serum inflammatory markers, which 

are otherwise risk markers for coronary heart diseases, it is imperative to conduct 

well-designed large-scale intervention studies which could provide further 

evidence for the role of periodontal disease in coronary heart diseases. 

A single-blind parallel-arm randomized controlled clinical trial was 

designed to observe the influence of periodontal treatment on serum inflammatory 

mediators of hsC-reactive protein, white blood cells and fibrinogen in CHD 

patients. 
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1.7  RESEARCH QUESTION 

Inflammatory mediators have been shown to be raised in patients with 

periodontitis.  Therefore, by treating the periodontal disease, is a reduction in 

inflammatory mediators possible? 

1.8  HYPOTHESIS 

Periodontal therapy in CHD patients, by reducing periodontal inflammation, may 

decrease the host systemic inflammatory burden associated with atherogenic 

processes. 

1.9 NULL HYPOTHESIS 

There is no change in CHD patients’ serum levels of inflammatory mediators: 

CRP, fibrinogen and WBC as a result of periodontal therapy.  

1.10  AIM OF STUDY  

The aim of this study was to determine the effect of conventional, mechanical, 

non-surgical periodontal treatment on serum levels of the inflammatory 

biomarkers; hsCRP, fibrinogen and white blood cells in CHD patients. 

1.11 OBJECTIVES  

The objectives of this study were to: 

1. Observe changes in clinical periodontal parameters in CHD patients 

following conventional, non-surgical periodontal therapy and to compare 

these changes with the longitudinal assessment of periodontally untreated 

CHD patients.  

2. Observe changes in serum levels of inflammatory mediators following 

conventional, non-surgical periodontal therapy of CHD patients and to 

compare these changes to the serum levels of longitudinally assessed 

periodontally untreated CHD patients. 
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3. Determine the impact of conventional, non-surgical periodontal therapy in 

the reduction of CHD risk factors in CHD patients. 

4. Explore the association of changes in serum levels of inflammatory 

mediators with the changes in periodontal clinical parameters in CHD 

patients. 

1.12  PREDICTOR (EXPLANATORY) VARIABLES 

i) The primary predictor measure of periodontal inflammation was a) 

bleeding on probing (BOP) that is used to clinically characterize the 

degree of gingival inflammation and b) periodontal probing depth 

(PPD), which reflects the total inflammatory burden caused by the 

local periodontal inflammation. 

ii) The secondary predictor measure of periodontal disease was clinical 

attachment loss (CAL) that was noted as the cumulative measure of 

periodontal destruction throughout life. 

1.13 OUTCOME (RESPONDING) VARIABLES 

i) The primary outcome measure was the change in CRP levels. The 

chosen primary outcome, i.e., CRP level reduction, was the decisive 

factor used to establish inclusion and exclusion criteria and to perform 

the a priori power calculation (sample size determination) for the 

study.  

ii) Secondary outcome measures of this study were: 

a. fibrinogen levels: a change in pre- to post-treatment serum levels 

through effect of conventional mechanical periodontal therapy in 

CHD patients.  

b. WBC counts: change in pre- to post-treatment serum levels through   

effect of conventional mechanical periodontal therapy in CHD 

patients.  
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1.14  SIGNIFICANCE 

If conventional mechanical periodontal therapy significantly reduces the 

systemic levels of inflammatory mediators associated with CHD risk, thereby 

reducing the risk profile of the at risk population, then such periodontal care may 

become a significant tool in the efforts to reduce the risk of future CHD in a CHD 

susceptible population. The study could be useful in furthering research and 

designing future long-term studies to determine the potential effects of 

periodontal therapy on CHD morbidity and mortality. 
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In this chapter the literature related to non-communicable diseases, particularly 

coronary heart disease; periodontal disease and inflammatory mediators of C-reactive 

protein (CRP), fibrinogen and white blood cells (WBCs) is reviewed in detail with the 

objective to explore the relationship between periodontal disease and coronary heart 

disease postulated to be mediated through systemic inflammation. Literature search was 

made to retrieve related information from international and local studies, traditional 

/systematic reviews and meta-analysis. Literature related to status and association of 

periodontal disease and coronary heart disease in the context of developing countries 

particularly Pakistan is scarce, however, few studies (Bokhari et al. 2009a, Bokhari et al. 

2009b, Bokhari et al. 2007) explored an association of periodontal disease and tooth loss 

with CHD in Pakistan. This search of literature is presented in sections 2.1 to 2.8. Section 

2.1 deals with the details of noncommunicable diseases: 2.1.1 diabetes; 2.1.2 chronic 

respiratory diseases; 2.1.3 cancer. Literature related to cardiovascular diseases is 

reviewed in sections 2.2 cardiovascular diseases: 2.2.1 cerebrovascular diseases; 2.2.2 

peripheral arterial disease. Section 2.3 includes review of coronary heart diseases. Oral 

infections and periodontal diseases are discussed in detail in sections 2.4 and 2.5. An 

association of periodontal and coronary heart disease and inflammatory biomarkers, 

periodontal diseases and inflammatory biomarkers and periodontal diseases and coronary 

heart diseases is discussed in section 2.6. Systemic markers of inflammation (CRP, 

fibrinogen and WBCs) associated with CHD risk is reviewed in section 2.7. Section 2.8 

elaborates periodontal disease as an emerging risk factor. 
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2.1  NON-COMMUNICABLE DISEASES 

World Health Organization (WHO) estimated that 48% of the global burden of 

disease in 2005 was due to non-communicable diseases (NCDs), with significant 

geographical variations ranking CVDs as the 1
st
 cause in Europe & Central Asia and 3

rd
 

cause of burden of disease in South Asia (WHO, 2007a). Global health agenda (WHO, 

2006) presents „chronic noncommunicable diseases as 60% of the current global disease 

burden and 80% which are in low- and middle-income countries.‟ One fourth of all 

deaths occurring in people <60 years of age are caused by chronic diseases (WHO, 2005). 

Countries of Eastern Mediterranean region are currently facing 47% of the 

region‟s burden of diseases due to NCDs that is expected to rise to 60% by the year 2020 

(Khatib et al. 2004) and NCDs will be causing 7 out of every 10 deaths in developing 

countries (Boutayeb and Boutayeb 2005). Next decades will see dramatic changes in 

health needs of poor and developing countries. In view of the estimates of the growing 

burden of NCDs on the lives of poor people, its recognition and importance is enhanced 

(Murray and Lopez, 2000). Murray and Lopez (2000) noted a demographic and 

epidemiological transition because of the aging of populations and there is an impact of 

chronic degenerative diseases on the health status of the populations in developing 

countries. Demographic analyses by Manton KG (1988) demonstrated that “there are 

currently more deaths due to chronic disease in developing than developed countries. 

There is an increase in life expectancy in developing countries and consequently global 

burden of chronic diseases will be greatly concentrated in the developing countries.” 

Manton KG (1988) has further reported great similarity in life expectancy of adults and 

the effects of major non-communicable diseases in both developed and developing 

countries; however major differences observed are in the proportions of deaths expected 

from heart disease, stroke, cancer, diabetes, and cirrhosis. “Non-communicable diseases 

namely CVDs, diabetes, cancer and chronic respiratory diseases, despite some 

differences, have a commonality of Risk Factors. Risk factors of tobacco, alcohol, high 

blood pressure, diet and physical inactivity are associated with NCDs and are seen to 

affect people worldwide with an increasing tendency.” (Khatib et al. 2004) The 

epidemiological pattern of tobacco use, diet and sedentary life has its roots in social and 
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physical environment. More than eighty percent of coronary heart disease and type 2 

diabetes and thirty three percent of cancers could be prevented by changes in lifestyle that 

include diet, weight maintenance and physical activity (Nongkynrih et al. 2004); while a 

nutritional transition with increased intakes of saturated fats and decreased consumption 

of fibrous diet is being noted in developing countries (Puska P, 2002). 

  Lifestyle changes and urbanization are resulting in increased prevalence of non-

communicable disease (Nongkynrih et al. 2004). “Urbanization, ageing and globalized 

lifestyle changes combine to make chronic and non-communicable diseases and injuries 

increasingly important causes of morbidity and mortality. There is a striking shift in 

distribution of death and disease from younger to older ages and from infectious, 

perinatal and maternal causes to non-communicable diseases.” (WHO, 2008) A transition 

of socio-economic factors and the trend of ageing in populations of developing countries 

will aggravate the burden of NCDs and further increase demands in these countries 

(Khatib et al. 2004). 

2.1.1  DIABETES MELLITUS 

Diabetes mellitus as a disease has been known by physicians for nearly 3,500 

years in ancient Egypt and is recognized as a chronic disease (Ahmad A, 2002). 

“Projections for 2020 show a marked escalation of diabetes related burden in South Asia. 

The number of people with diabetes is expected to rise by 19.5% in India during 1995-

2025 to reach 57.2 million in 2025” (WHO, 2002; Ghaffar et al. 2004). 

In a survey by WHO (PMRC, 1998), “Pakistan was 8
th

 on the list of top ten 

countries with high prevalence of diabetes and had 4.3 million people with diabetes 

mellitus”. Now Pakistan is ranked 7th in the world of the prevalence of disease with 7 

million people suffering from diabetes and by the year 2025, Pakistan will be 4
th

 ranking 

with 14.5 million people shall suffer from diabetes mellitus (Ghaffar et al. 2004; 

Khuwaja et al. 2003). In 2000 the population in Pakistan was 150 million with 6.99 

million diabetics that increased by 4.66%. Out of these 0.7 million were type-1 and 6.25 

million were type-2 (Iqbal and Naz, 2005). The overall prevalence of type 2 diabetes in 

adult population of Pakistan is over 10% and is becoming a serious health problem for 
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the nation. (Shera et al. 1999) Pakistani children have shown increased risk factors for 

diabetes and difference between the socioeconomic groups was significant in terms of 

middle-income children having more risk (Hydrie et al. 2005). 

2.1.2 CHRONIC RESPIRATORY DISEASES 

Chronic respiratory diseases are chronic diseases of the airways and other 

structures of the lung. Some of the most common are asthma, chronic obstructive 

pulmonary disease (COPD), respiratory allergies, occupational lung diseases and 

pulmonary hypertension. “Use of tobacco, smoking, indoor air pollution, outdoor 

pollution, allergens, occupational risks and vulnerability are the most important risk 

factors for preventable chronic respiratory diseases” (WHO 2009). 

Latest estimates by WHO (2009) show that millions of people suffer from chronic 

respiratory diseases and 300 million people are currently suffering from asthma; about 

two hundred million people have COPD. It is reported that millions of people have 

allergic rhinitis or are often under-diagnosed for chronic respiratory diseases. (WHO, 

2009) Recent studies provide evidence that oral infections may influence the initiation 

and progression of lung diseases, but link remains somewhat controversial (Garcia et al. 

2001; Terpenning MS, 2001).   

2.1.3  CANCER 

Cancer has become a leading cause of death worldwide. In 2004, “the disease 

accounted for 7.4 million deaths or around 13% of all deaths worldwide. The most 

frequent types of cancer worldwide (in order of the number of global deaths) are lung, 

stomach, liver; colorectal, esophagus and prostate among men and among women are 

breast, lung, and stomach, colorectal and cervical cancer” (WHO, 2009). 

“Cancer data (1995-1996) from the population of Karachi district (south) was 

reported to be a total of 4,139 (2,086 in males and 2,053 in females) for new cancer cases 

registered during this period. The incidence rates for all cancer sites combined were 77.8 

per 100,000 (crude); 139.1 per 100,000 [age-standardized rates (ASR)] for males and 

89.5 per 100,000 (crude); 169.5 per 100,000 (ASR) for females.
 
Among males, lung 
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cancer (ASR 21.0) was the most frequently recorded malignancy, followed by cancer of 

the oral cavity (ASR 15.6) and cancer of larynx (ASR 8.8). Breast was the most common 

cancer site in females, accounting for one-third of cancers (ASR 53.1), followed by the 

cancers of oral cavity (ASR 15.3) and ovaries (ASR 10.9)” (NAP, 2003).  “More than 

70% of all cancer deaths are reported in low- and middle-income countries and deaths 

from cancer are expected to rise to 12 million deaths in 2030 worldwide” (WHO, 2009). 

In summary, non-communicable diseases (NCDs) including cancer, diabetes, 

chronic respiratory diseases and cardiovascular diseases have become the leading cause 

of death in every region of the world; however CVDs would be the number one cause of 

deaths if projected estimates remain so. 

2.2  CARDIOVASCULAR DISEASES 

Cardiovascular diseases (CVDs) make up the most prevalent category of systemic 

diseases in developed as well in developing countries (WHO, 2003b).  “Statistics of 1995 

indicate that cardiovascular diseases were responsible for 20 percent of deaths worldwide 

and in some developing countries CVD accounted for 50 percent of deaths. CVDs have 

contributed to a third of global deaths, and 78% of CVD deaths in 1999 were reported 

from low and middle-income countries” (WHO, 2003). A 30 % of all global deaths i.e., 

17.5 million people died from CVD in 2005. Among these deaths, 7.6 million died from 

heart attacks and 5.7 million from stroke and 80% deaths occurred in low or middle-

income countries. Thereby it may be predicted that 20 million people shall die from CVD 

mainly from heart attacks and strokes by 2015, if this trend remains unchanged (WHO, 

2007). “Once associated with industrialized countries, CVDs are now rapidly increasing 

in developing countries” (Smith et al. 2004). Lifestyle changes are promoting CVDs 

resulting from urbanization, industrialization, economic transition and globalization 

(Reddy and Yusuf, 1998; 29 WHO, 2003). Other risk factors of tobacco, physical 

activity, unhealthy diet and emerging risk factors such as folate deficiency, infections, 

and low birth weight have been accounted for CVDs. These factors are common in the 

poor populations of low and middle-income countries. In these countries, clinical care is 

expensive and prolonged and direct costs of CVDs divert the resources of scarce family 

to medical care (Reddy and Yusuf, 1998; WHO, 2003). “Cardiovascular diseases are the 
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diseases of heart and blood vessels and include coronary heart disease (CHD), 

cerebrovascular disease (stroke), peripheral artery disease (PAD), raised blood pressure 

(hypertension), rheumatic heart disease, congenital heart disease and heart failure” 

(WHO, 2003). 

2.2.1  STROKE 

A Stroke is damage to the brain due to a reduction in blood supply to the brain. 

When a blood vessel that delivers oxygen and nutrients to the brain is obstructed, the 

condition is called an ischemic stroke or cerebral Ischemia” (Joshipura KJ, 2002). 

Population-based data on stroke in Pakistan is not available. Few studies (Naseem et al. 

2003; Basharat et al. 2002; Vohra et al. 2000) help to highlight the status of stroke in 

Pakistan. These studies have shown that a 46% of the stroke patients had cardiac disease 

and 30% had hyperlipidemia whereas carotid artery stenosis was noted in 8%. 23-64% of 

the stroke patients had raised blood pressure; 31-42% patients had diabetes; 33-53% of 

stroke patients were current smokers and 11-17% was overweight. 

2.2.2  PERIPHERAL ARTERIAL DISEASE 

Peripheral arterial disease (PAD) is an important health care problem, an indicator 

of atherosclerosis and associated with considerable morbidity and mortality (Bennet et al. 

2009) “Peripheral Arterial Disease (PAD) of the legs is a state of insufficient tissue 

perfusion to meet metabolic demand. The most common symptom, intermittent 

claudication, which is defined as pain felt during walking or other exercise, is caused by 

insufficient blood supply caused by increased metabolic demand. When tissue perfusion 

is not enough to meet the demand at rest, revascularization is necessary to avoid tissue 

loss. PAD shares a common underlying pathological change, atherosclerosis, with 

coronary heart diseases and stroke” (Hung et al. 2003).  The disease is reported to be 

underdiagnosed, undertreated, and poorly understood by the medical community and rate 

of death from MI, stroke is increased in patients with symptomatic and asymptomatic 

PAD (Olin and Sealove, 2010). Recent study (Siddiqi et al. 2010) reports incidence of 

PAD in 17.7% ACS patients of Karachi, Pakistan.  
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The review of literature on CVDs show that CHD is the most common among 

CVDs that is globally prevalent and it is anticipated to be the leading cause of death in 

next fifteen years in both developed and developing countries. Tziomalos et al. (2008) 

has stated that South Asians (Indian sub-continent) originating from India, Pakistan, 

Bangladesh, Sri Lanka and Nepal that represent 1/5
th

  of the world's population and South 

Asians have an increased risk of developing coronary heart disease (CHD) when 

compared with European populations.  

2.3  CORONARY HEART DISEASES (CHD)  

Coronary heart disease (CHD /CAD), a multi-factorial disease, is one of the most 

common causes of death. “CHD is the most common clinical manifestation of 

atherosclerosis. Sudden cardiac death in the community is often the first manifestation of 

CHD and is the terminal event in more than half of CHD patients” (AHA, 2004). 

“Unstable angina and acute myocardial infarction are commonly grouped as acute 

coronary syndromes (ACSs) and are very common clinical scenarios. Acute myocardial 

infarction and unstable angina account for approximately one third of all cases, whereas 

exertional angina is the most common clinical manifestation of this disease, accounting 

for more than one half of all cases presenting in the community” (Smith et al. 2004). The 

rate of recurrence of event remains relatively high for ACS despite the advances in 

diagnostic and therapeutic procedures. (Wallentin et al. 2000) Provision of optimal 

treatment to ACS patients is challenging however it is necessary to makes short- and 

long-term prediction of risk (Abbate et al. 2003). 

2.3.1  EPIDEMIOLOGY OF CHD  

Global burden of top ten diseases ranks CHD as 3
rd

 one; as counts of ischemic 

heart disease, COPD, cerebrovascular disease, and other diseases shall increase from 5.4 

million in 2004 to 8.3 million in 2030 (WHO, 2008). CHD is one of the leading causes of 

disease burden in low- and middle-income countries due to socioeconomic changes, 

increase in life span, and acquisition of life-style related factors (Gaziano et al. 2010). 

The burden of CHD has increased to epidemic proportions in developing countries 

(Reddy et al. 1998) and it is anticipated that CHD will be the leading cause of death 
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within the next fifteen years (Lenfant C, 2001). The incidence of CHD has increased in 

Pakistan over the past three decades (Aziz et al. 2005). In Pakistan the prevalence of 

classical risk factors for CHD is on rise; 33% persons aged >45 years suffer from 

hypertension and 25% from diabetes (Jafar et al. 2003, 2005); while the smoking is 

prevalent in 28% men, and going to 41% in aged 40 to 49 years (Ahmad et al. 2005). 

Memon et al. (1999) observed occurrence of CHD in Pakistani population of early age 

and a narrower gender gap was noted as compared to women of more developed 

countries.  

2.3.2  ETIOLOGY OF CHD  

The etiology of the CHD is unknown; however a modification in many risk 

factors showing strong relationship with the development of CHD may lead to a 

reduction in the CHD risk (Aziz et al. 2005).  The pathological basis of CHD is the 

creation of an atherosclerotic plaque (Lopez et al. 2002). There is uncertainty with regard 

to associations of infections, inflammation and atherothrombotic disease, and 

investigators may move forward critically in their investigations to find an answer to the 

etiology of atherosclerosis (Ridker PM, 2002). The formation and progression of 

atherosclerotic plaque involves many stimuli such as hypertension and smoking (Neaton 

et al. 1992), diabetes, homocysteine, infectious agents, lipids (Beck et al. 2000), and 

others that cause endothelial dysfunction (Niccoli et al. 2001). A local inflammatory 

response plays a pivotal role in determining the transition from endothelial dysfunction to 

plaque formation (Luscher et al. 1995). “A strong correlation of the incidence of CHD 

with prevalence of risk factors indicate that majority of the incidence of CHD in a 

population could be explained by the prevalence of the risk factors.” (Jousilahti et al. 

1999)  Coronary heart diseases are promoted by risk factors of unhealthy diet, physical 

inactivity, tobacco use, and alcohol (Boutayeb and Boutayeb, 2005); thereby it is possible 

to estimate “the future burden of CHD in a population by using data on the prevalence of 

risk factors in a community” (Aziz et al. 2005). 
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2.3.3  RISK FACTORS ASSOCIATED WITH CHD 

A number of risk factors have been identified as direct cause of CVD that are 

classified as the „major risk factors and include  high blood pressure, tobacco smoking, 

elevated glucose, and high serum LDL cholesterol (Hafner SM, 2000; Bener et al. 2004; 

Hu et al. 2004). Various genetic and racial factors identified as underlying risk factors 

and the emerging risk factors of overweight / obesity, physical inactivity, atherogenic 

diet, socioeconomic and psychosocial stress, family history of premature CVD (Sodjinou 

et al. 2008); all of these risk factors may add to the total risk (Smith et al. 2004). 

Prospective and case-control studies have shown a correlation of emerging risk factors to 

CVD risk, but the “strength of their correlation and/or their prevalence in the population 

is less than that for the major risk factors. For this reason, the emerging risk factors 

generally are not included in risk-prediction equations” (Wilson et al. 1998). 

2.3.3.1 Socio-demographic and Behavioral factors 

Chronic diseases are influenced by age, sex, SES, lifestyle, obesity, and diet.  

Major risk factors playing role in CVDs are smoking, hypertension, and diabetes. These 

factors has been reviewed here for their association with CVD generally and CHD 

particularly. 

a.  Age 

“Chronological age is considered a risk factor for many chronic 

diseases, and it also independently predicts CVD. Age per se does not 

cause CVD but may reflect the accumulation of atherosclerosis.” (Smith et 

al. 2004) An increase in life-span provides longer periods of exposure to 

CVD risk factors and thus there is a higher probability of CVD. Advances 

in Public health has lead to this increase in life expectancy and also 

reduced prenatal infections and improved nutritional deficiencies in 

infancy, childhood, and adolescence, and in some countries an 

improvement in economic conditions is noted (Smith et al. 2004). 

Ageing is associated with the phenomenon of chronic disease. 

“Globally there are indicators that chronic disease will make a much 
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higher share of overall burden of disease and most of this burden will be in 

the developing countries” (Swart and Dick, 2002). Elderly population may 

increase up to four hundred percent in some Asian countries by the year 

2025 (Khan and Gosh, 2003).  Difference of “CHD risk between sexes 

was found largest among the youngest subjects of 25 to 49 years and 

smallest among the oldest subjects of 60 to 64 years. The absolute 

difference in CHD risk was largest in the oldest age group”(Jousilahti et 

al. 1999). Sarwar et al. (2004) reported prevalent CAD in patients aged 

>40 years. 

 

b.  Sex 

Epidemiological studies provide evidence on increasing incidence 

of coronary events among women (Scalvo M, 2001). CHD is strikingly 

more common in men than in women. The death rate is less for women 

than for men in CHD patients (AHA, 2001).  In both sexes, CHD risk 

increases with age but the increase in women is sharper (Thomas and 

Braus, 1998).  A considerable part of the sex differences in CHD risk was 

the difference in major CVD risk factors. “An increase in risk factor level 

is associated with an age-related increase in incidence of CHD and 

mortality in both sexes but this is noted in women to a larger extent” 

(Jousilahti et al. 1999). “The gender gap in mortality due to coronary heart 

disease (CHD) decreases with age and this relationship has not been well 

observed in diverse populations” (Ho et al. 2005). 

Sarwar et al. (2004) reported 65% of survey population was male 

gender with prevalent CAD. “Gender differences in CHD include a later 

age of onset for women, a greater prevalence of co-morbid diseases, and 

differences in the initial manifestations of the disease” (Bello and Mosca, 

2004). “Hypertension, diabetes and smoking showed equal or higher 

prevalence in women in pre-menopausal ages as compared to men” 

(Castanho et al. 2001). Obesity and physical inactivity showed equal 
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prevalence in both males and females and at all ages; and also in the 

postmenopausal age group of females (Castanho et al. 2001). “A higher or 

equal prevalence of several risk factors in women may explain the high 

rates of mortality from CHD in females than males” (Castanho et al. 

2001). CHD outcomes are considered less favorable for women than for 

men and hospital mortality rates of acute myocardial infarction (AMI) 

were noted16% in women and 11% in men (Wenger NK, 1999; Kim et al. 

2001). “Women tend to be older, present later after symptom onset, have 

different symptoms, and have higher prevalence of diabetes, systemic 

hypertension, CHF, and family history of CHD” (Stone et al. 1995). There 

is rapid progression of CHD in women, which may be explained by the 

presence of fewer collateral vessels, as confirmed by angiographic study 

(Johansson et al. 1984).  

c. Socioeconomic status (Education, Occupation, Income) 

Socio-economic position in a society has been measured through 

occupation, length of education, home ownership, car ownership etc. to 

demonstrate health inequalities in Britain and other European countries 

(Yarnell et al. 2005). “These and other demographic characteristics such 

as marital status have been linked to health-related behaviors” (Yarnell et 

al. 2005). 

Individuals with lower socioeconomic status (SES) have greater 

exposure and susceptibility to infections, (Cohen S, 1999) show a greater 

risk of developing chronic diseases (Crimmins et al. 1994) and more likely 

to have lack of access to health care and treatment. (Adler et al.  1993) 

“Socioeconomic status (SES) represents one of the most important risk 

factors for chronic disease, disability, and mortality” (Alley et al. 2006). 

Individuals with “low-SES are at greater risk of infectious illness, have 

high prevalence of sub-clinical markers of disease risk”, (Seeman et al. 

2004) and “show more chronic health conditions” (Hayward et al. 2000).  

A Finland study by Lynch et al. (1997) on “occupational groups found that 
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only certain workplace conditions contributed to excess risk of 

cardiovascular disease and this excess risk was largely mediated by known 

risk factors”. Yarnell et al. (2005) reported men with ≥15 years in full time 

education and those who received a higher education had significantly 

reduced risk of a subsequent coronary event”. “Unemployed men, 

however, showed an increased risk of a coronary event which was also 

reduced to insignificant level after adjustment of other risk factors” 

(Yarnell et al. 2005). 

d.  Life-Style 

An increase in the degree of exposure to CVD risk factors is 

associated with adverse lifestyle changes and accompanied urbanization, 

industrialization, and increased discretionary income (Sojinou et al. 2008; 

Smith et al. 2004). Modifiable environmental factors of diet and lifestyle 

are largely responsible for higher risk of CHD at population levels (Hu 

FB, 2009). An association of moderately vigorous type of sports activity, 

cessation of
 
cigarette smoking, maintenance of normal blood pressure, and 

avoidance of
 
obesity with “lower rates of death

 
from all causes and from 

CHD among middle-aged
 

and older men has been recognized 

(Paffenbarger et al. 1993). “Diet and lifestyle strongly influence the 

development of hypertension” (Scalvo M, 2001). 

e.  Obesity 

Obesity has reached global epidemic proportions in both adults and 

children and has shown association with numerous comorbidities (Lavie et 

al. 2009). Prevalence of overweight and obesity has sky rocketed during 

the past few decades. This new pandemic of obesity and its accompanying 

non-communicable diseases (NCDs) has created a 'double burden' of 

disease that threatens the health services of many resource-poor countries 

(Prentice AM, 2006). 

Obesity is well known as an independent risk factor for CHD mortality
 

among men and women.
 
CHD mortality-risk associated with BMI is 
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mediated through
 
other known CVD risk factors. An extensive part of 

CHD mortality may be reduced by prevention of overweight (Jousilahti et 

al. 1996). Obesity over activates the immune system by creating a state of 

chronic low-grade inflammation (Trayhurn et al. 2004). Excess body 

weight has well established relations with medical conditions such as 

hypertension, type-2 diabetes, and osteoarthritis (National Task Force, 

2000). “Body Mass Index (BMI) measured in weight/height
2
 is being used 

to quantify leanness v obesity. Ranges defined for ideal/normal BMI are 

from 18.5 to <25 kg/ M
2
, for overweight 25 to 30 kg/ M

2
, and for obese 

>30 kg/ M
2
).” (WHO, 1997) “A more liberal upper limit for normal BMI 

(>27 kg/M
2
) has been suggested for middle-aged or elderly subjects. 

Weight/height
2
 in men has shown a fairly consistent U-shaped relationship 

for cardiovascular disease mortality (p=0.001) and coronary heart disease 

deaths (p=0.011)” (Williamson DF, 1993).  

f. Diet 

A positive association between diet and coronary heart diseases is 

reported in studies (Liu et al. 2000; Hu et al. 1999).  The study by Hu et al. 

(2000) reported that trends in coronary disease may be explained by diet 

and lifestyle changes. A reduction in “smoking, improvement in diet, and 

an increase in postmenopausal hormone” use accounted for a much 

decline in the incidence of coronary disease in women. “Dietary habits in 

Pakistan are heavily weighted towards the consumption of saturated fats as 

well as ghee (hydrogenated vegetable oil)” (Ismail et al. 2004). Dietary 

pattern including fruits, whole grains, and nuts can reduce CHD risk (Hu 

FB, 2009). Obesity also contributes to hypertension (Kotchen TA, 2010). 

2.3.3.2 Smoking 

Cigarette smoking has long been reported to have significant association with 

coronary heart diseases (Mulcahy et al. 1967), and cigarette smoking is one of the well-

established causes of CHD (Hu FB, 2009). Active cigarette smoking is one of the most 

important modifiable risk factors for CHD; however many epidemiologic studies and 
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reviews have pointed out “the effect of passive smoking on the risk of coronary heart 

disease. Even nonsmokers exposed to environmental smoke too had a relative risk of 1.25 

(95% CI, 1.17 to 1.32) to CHD” (Jiang et al. 1999). 

“Smoking is associated with increased levels of inflammatory markers which are 

more accurate indicators of atherosclerotic disease and are associated with accelerated 

atherosclerosis, smoking cessation bring down inflammatory markers but the effect is 

pronounced after 5 years of smoking cessation” (Bakhru and Erlinger, 2005). Smoking 

results in an “immunologic response to vascular injury, an oxidative stress leading to 

lipid peroxidation, endothelial cell dysfunction, and foam cell proliferation in the tunica 

media” (Libby et al. 2002; Szmitko et al. 2003). “Smoking also increases platelet 

aggregation, impairs lipoprotein metabolism, depresses high-density lipoprotein (HDL) 

cholesterol, and reduces distensibility of vessel walls” (Bottcher and Falk 1999; Howard 

et al. 1994). It is established through studies (Rigotti and Pasternak, 1996; Aberg et al. 

1983) that after smokers quit smoking, their risk of mortality and future cardiac events 

declines, but there is little information to quantify the rate of risk reduction (Tverdal A, 

1999; Danesh et al. 2000).  

2.3.3.3  Blood Pressure 

 Earlier it was noted that evidence of a causative relationship of hypertension with 

CVD was less clear-cut, however role of cigarette smoking and hypertension was 

experienced by Mulcahy et al. (1967).  Later on high blood pressure, lipid abnormalities, 

and smoking were reported as major risk factors for CHD (Neaton and Wentworth, 

1992).  In current literature, “level of blood pressure has been recognized as a 

determinant
 
of the risks for several common cardiovascular diseases, including

 
coronary 

heart disease, cerebrovascular disease, and heart failure” (MacMahon S, 2000). The 

association of hypertension to CHD and early mortality is stronger in women than in 

men; and “there is no threshold below which the risk disappears” (Scalvo M, 2001). 

According to the National Health Survey of Pakistan (PMRC, 1998) “there were 

5.5 million men and 5.3 million women with hypertension in the year 1990-94. The 

prevalence of hypertension over the age of 15 years was reported at 17.9%, with a higher 
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prevalence observed in burden areas. Survey reports show that over the age of 45 years, 

prevalence was reported at 33%, implying that one in every three Pakistanis over the age 

of 45 years suffers from high blood pressure”. A prevalence of 15% in >18 years and 

36% in >60 years has been reported by a survey of Northern Areas of Pakistan (Khan et 

al. 2006b). 

2.3.3.4 Diabetes 

Diabetes increases the risk of coronary heart disease
 
by two-fold independently 

from other traditional risk factors. (Sarwar et al. 2010) There is relative increase in the 

rate
 
of CHD among diabetic females than in diabetic males (Wilson and Kannel, 1992). 

CHD is reported to be the major cause of morbidity and mortality in diabetic patients 

(Berry et al. 2007). In the Framingham
 
Heart Study 

 “
absolute incidence

 
of coronary heart 

disease was similar among both men and women
 
with diabetes; and there is an increase in 

incidence of coronary events for more severe clinical outcomes, such as myocardial
 

infarction and sudden death, than for less serious outcomes,
 
such as angina pectoris” 

(Haffner SM, 2004). 

2.3.3.5 Inflammation and CHD 

Association of inflammation with cardiovascular diseases is well established. 

(Katz et al. 2001; Danesh et al. 1998; Epstein et al. 1999; DeStefano et al. 1993) 

Atherosclerosis is the main cause of coronary heart and cerebrovascular diseases and is 

known as a chronic low-grade inflammatory condition that develops and progresses as a 

result of a combination of biochemical, physical and possibly infectious processes (Rifai 

et al. 1999). Inflammatory mechanisms play a pivotal role in the genesis of 

atherosclerosis and its complications (Ross R, 1999). Inflammatory processes are 

involved in plaque formation, progression and finally plaque instability leads to clinical 

manifestation of CHD (Trepels et al. 2004). An accepted hypothesis is that 

arteriosclerosis develops in response to injury and that it is primarily a chronic 

inflammatory condition. “Two patterns of association have emerged: i) a link between 

chronic low-grade inflammation or infection and the slow process of arteriosclerosis and 
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ii) an association between an acute systemic inflammatory response and a transiently 

increased risk of an acute cardiovascular event” (Stöllberger and Finsterer, 2002). 

 Pepys and Hirschfield (2003) has postulated that “Atherosclerosis, and the 

evolution of plaque instability underlying atherothrombotic events, is inflammatory in 

nature. It has thus been widely assumed, without direct supporting evidence that the 

relevant acute-phase stimuli arise from inflammation within atheromatous lesions 

themselves. Chronic systemic, nonvascular inflammation is known to be proatherogenic 

in general and acute systemic inflammatory episodes are strongly associated with 

atherothrombotic events”. “Infections increase plasminogen-activator inhibitor-1 activity 

and may increase the risk of coronary artery thrombosis” (Ebersole and Cappelli, 2000). 

More generally, “these associations raise the possibility that aspects of the inflammatory-

marker profile associated with increased atherothrombotic risk in the population at large 

may not be triggered by inflammation or tissue damage in the classical sense” (Neiri 

Serneri et al. 1997). This may reflect a particular metabolic state that happens to be 

proatherogenic and/or predispose to atherothrombotic events. Acute coronary syndromes 

are reported to be associated with inflammatory mechanisms (De Servi et al. 1995). 

There is abundant clinical evidence demonstrating that “many biomarkers of 

inflammation are elevated years in advance of first ever myocardial infarction (MI) or 

thrombotic stroke and that these same biomarkers are highly predictive of recurrent MI, 

recurrent stroke, diabetes, and cardiovascular death” (Ridker PM, 2008). 

2.3.4  EMERGING RISK FACTORS ASSOCIATED WITH CHD 

Helfand et al. (2009) reported the non-explanatory nature. to its fullest extension, 

of traditional risk factors for incident CHD and evaluated novel or “emerging risk factors 

of CRP, coronary artery calcium score, lipoprotein level, homocysteine level, leukocyte 

count, fasting blood glucose, periodontal disease, ankle-brachial index, and carotid 

intima-media thickness having a potential to improve global risk assessment for CHD”.  

Helfand et al. (2009) concluded that current evidence does not support use of any of these 

factors for further risk stratification of intermediate-risk persons.  Smith et al. (2004) also 

reported that although risk assessment for CHD is principally focused on aspects of 

lifestyle, blood pressure, lipids, smoking and diabetes, however other risk factors for 
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CHD and atherovascular diseases (AVD) are i) genetics, ii) psychosocial factors, iii) 

thrombogenic factors, iv) oral / periodontal diseases and v) inflammation.  

Findings of a study by Marenberg et al. (1994) suggest that genetic factors 

influence CHD in both men and women at younger ages and genetic effect decreases at 

older ages. Evidence from genetic epidemiologic studies indicates a significant role of 

genetics in determining the degree, time course and severity of the atherosclerotic process 

and occurrence of CHD. (Neufeld and Goldbourt, 1983) Psychosocial factors of low-

SES, social isolation, chronic work and family stress contribute significantly to the 

development of adverse outcomes of CHD. (Albus et al. 2005) Disturbances in 

haemostatic system may favor the development of vascular damage and final occlusion 

events in the progress of CHD. (Juhan-Vague et al. 1996) Oral/periodontal diseases and 

inflammatory biomarkers (inflammation) have been reviewed here in detail as of our 

interest in the present trial. 

2.4   ORAL DISEASES 

 Oral diseases are prevalent globally. Prevalence and severity of oral diseases is 

affected by age, sex, race, geographic area, socioeconomic factors, local and systemic 

factors, and oral hygiene practices (WHO, 2003; Hessari H, 2009). “Oral diseases qualify 

as major public health problems owing to their high prevalence and incidence in all 

regions of the world, and the greatest burden of oral diseases is on disadvantaged and 

socially marginalized populations” (Peterson PE, 2003). A disproportionately higher 

burden of periodontal diseases, dental caries, and tooth loss has been reported in 

subgroups of the population, particularly certain minority and economically 

disadvantaged groups (Taylor et al. 2004). 

Many review papers analyzed relationships of oral health and chronic oral 

infections (including dental caries, tooth loss and periodontitis) to certain systemic 

conditions. (Scannapieco et al. 2003; Paquette DW, 2004; Meurmann et al. 2004; Matilla 

et al. 2005; Janket et al. 2008; Persson and Imfeld, 2008a and Madore F, 2009) The 

positive association of oral infections (Mattila et al. 1989; DeStefano et al. 1993; Loesche 

et al. 1998) and tooth loss to cardiovascular diseases (Joshipura et al. 1998; Desvarieux et 



Chapter-2 Review of literature 

 

31 

 

al. 2003; Hung et al. 2005; Okoro et al. 2005; Bokhari et al. 2008) has been reported in 

literature. Few studies (Ylostalo et al. 2006; Tuominen et al. 2003; Beck et al. 2005; 

Joshipura et al. 1996) report a less convincing or no association of oral health indicators 

(gingivitis, dental caries and tooth loss) to CVD or CHD; however many other studies 

(Briggs et al. 2006; Andriankaja et al. 2006;  Buhlin et al. 2005; Geerts et al. 2004; 

DeStefano et al. 1993; Elter et al. 2004; Lo´pez et al. 2002; Emingil et al. 2000; Mattila et 

al. 1989) have provided strong evidence on relationship of oral / periodontal diseases to 

CVDs and CHD. The relationship of PD to ischemic stroke has been observed in a 

number of case-control and longitudinal studies and the “outcome is different across the 

reported studies, ranging from total stroke to fatal stroke, nonfatal stroke and ischemic 

stroke” (Joshipura et al. 2003; Wu et al. 2000; Morrison et al. 1999). Very few studies 

have been reported on the relationship of periodontal disease to PAD. Men with 

periodontal diseases or any tooth loss showed a significantly higher risk of PAD than 

men without periodontitis or without any tooth loss during follow-up period of study 

(Hung et al. 2003). Mendez et al. (1998) reported subjects with clinically significant 

periodontal disease and higher risk of having PAD at baseline.  

2.5 PERIODONTAL DISEASES 

Periodontal diseases have historically been considered the most important global 

oral health burden, which vary in distribution and severity in different parts of the world 

(Petersen et al, 2005). “Periodontal disease is one of the most widespread diseases of 

mankind. No nation and no area of the world are free from it” (Burt and Eklund, 1999) 

and being a social disease is termed as „dirt‟ disease determined by psychosocial factors 

(Sheiham and Netuveli, 2002). Periodontal Disease (PD) has a high prevalence, affecting 

in some degree approximately half the child population and almost the entire adult 

population (Burt and Eklund, 1999). “Research and clinical evidence indicate that the 

damage caused to the supporting structures of the teeth by periodontal disease in early 

adult life is irreparable, whilst in the middle adult life it destroys a large part of the 

natural dentition and deprives many people of all their teeth long before old age” (Tataki 

et al. 2005). 
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The effects of periodontal disease on the general health of the population are un-

assessable (Burt and Eklund, 1999). “Inflammatory periodontal diseases constitute 

probably the most common oral infections in the world. Gingivitis is present in the great 

majority of adults throughout the world but is most pronounced in developing countries. 

Moderate periodontitis affects approximately 30% and advanced periodontitis 

approximately 10 percent of the adult populations of USA. Deep pockets are reported to 

be present in adults of western countries and at higher prevalence in developing countries 

(Slots J, 2003). Nunn et al. (2003) defined periodontal diseases (gingivitis and 

periodontitis) as chronic infections related to periodontium. i.e. gingivae, alveolar bone, 

periodontal ligament and cementum and are currently thought to progress in periodic, 

relatively short episodes of rapid tissue destruction. Nunn et al. (2003) also categorized 

people having “frequent episodes of active disease at many sites in their mouth, while 

others experiencing far less active disease with signs of gingivitis and may be some 

pockets but no loss of attachment over long periods”. Nunn et al. (2003) further described 

“that initiation and progression of PD is influenced by a wide variety of determinants and 

factors, including subject characteristics, social and behavioral factors, systemic factors, 

genetic factors, tooth–level factors, microbial composition of dental plaque and other 

emerging factors.” 

The widely accepted etiological and risk factors for periodontal diseases are 

pathogenic oral microflora (Haffjee et al. 2004), genetic predisposition (Michalowicz et 

al. 2000), diet and life-style (Nishida et al. 2000), smoking and obesity (Nishida et al. 

2005), socioeconomic factors (Klinge and Norlund, 2005), host-response (Ammons et al. 

1972), and emotional and psychosocial stress (Castro et al. 2006) and smoking (Thomson 

et al. 2007). The host response to infection plays an important factor in determining the 

extent and severity of periodontal disease (Thoden Van velzen et al. 1984). 

2.5.1  EPIDEMIOLOGY OF PERIODONTAL DISEASES 

Global Oral Health Data Bank (WHO, 2004) indicates that periodontal disease is 

generally more prevalent in developing countries; however symptoms of periodontal 

disease are highly prevalent among adults in all regions (van Palenstein et al. 1996). 

Periodontal disease is prevalent in all age groups; current view is that some 5-20% of any 
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population suffers from severe generalized periodontitis even though moderate disease 

affects the majority of adults (WHO, 2005). The distribution and severity of oral diseases 

vary in different parts of the world and within the same country or region. In Eastern 

Mediterranean Region (EMRO), “periodontal diseases affect 95% of populations and 5-

15% people are presented with bleeding gums, 40% with calculus, 20-25% with shallow 

pockets and 15% with deep pockets when measured through community periodontal 

index” (WHO, 2005). The significant role of socio-behavioral and environmental factors 

in oral disease and health is demonstrated in a large number of epidemiological surveys 

(WHO report 2003). The higher prevalence of these diseases in older adults is attributable 

to the accumulation of disease over time (Miyazaki et al. 1992). 

World wide variations in prevalence, severity, and rate of disease progression 

(AAP 1996; Beiruti N, 2005) are observed with higher prevalence in developing 

countries (Taylor et al. 2004). Prevalence estimates differ on the basis of how the disease 

is defined (Pihlstrom et al. 2005). If the minimum level of disease is defined as “one site 

with clinical attachment loss (CAL) of ≥ 2mm”, approximately 80% of all adults and 

over 90% of those aged 55-64 years are affected (AAP 1996). Tonetti et al. (2005) noted 

the variations in epidemiology of periodontal disease (PD) because of the lack of 

uniformity in case definition of PD used in studies of different populations. Use of low 

thresh-hold or cut-off levels result in an increase in proportion of subjects with disease. 

Saito et al. (2001) and Nishida et al. (2005) considered >3.5mm as shallow pockets, and 

Linden et al. (2007) noted ≥6mm as deep pockets. Low thresh-hold periodontitis was 

observed in 26% and high thresh-hold in 7% of 60-70 year old men (Linden et al. 2007) 

and similar findings were reported in a previous study (Mullally and Linden, 1992).  

2.5.2 ETIOLOGY OF PERIODONTAL DISEASES 

Periodontal disease is usually considered an inflammatory disorder caused by 

pathogenic microflora in the dental plaque (Pihlstrom et al. 2005).  “The etiology of 

periodontal diseases is multi-factorial and its progression may be influenced by local, 

systemic and environmental factors, which may be of genetic, developmental, 

inflammatory, traumatic, neoplastic, or metabolic origin” (Pihlstrom et al. 2005).  Studies 

have suggested several factors such as virulent oral microorganisms, host susceptibility, 
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environmental conditions (Armitage GC, 1999), dietary habits (Sakki et al. 1995), tooth 

brushing habits (Sakki et al. 1994; Honkala and Freeman, 1988), smoking, tobacco use 

(Tomar and Asma, 2000; Ling et al. 2001), alcohol use (Shizukuishi et al. 1998), 

psychosocial (Nicolau et al. 2007), and life style (Teng et al. 2003) which are related to 

the initiation and progression of periodontal diseases.  

Nunn et al. ( 2003)  noted that periodontitis is manifested and progressed through 

influence of a wide variety of determinants and factors, including subject characteristics 

of social, behavioral, systemic, genetic, and tooth-level factors such as microbial 

composition of dental plaque, and other emerging risk factors. With the large array of 

factors that influence the development and progression of Periodontitis; an understanding 

of the relationship of these various factors and determinants with the initiation and 

progression of periodontal disease can be daunting (Nunn et al. 2003). Page RC (2005) 

described periodontitis as a chronic mixed infection caused by gram-negative bacteria, 

such as porphyromonas gingivalis, prevotella intermedia, bacteroide forsythus, 

actinobacillus actinomycetemcomitans, and gram positive organisms, such as 

peptostreptococcus micros and streptococcus intermedius. Page RC (2005) further 

explained that “biofilms of these pathogenic bacteria form on the tooth surfaces and 

extend apically between the surface of the tooth root and gingiva to cause a destructive 

inflammation that destroys the attachment of gingival tissue to the tooth. Consequently, 

periodontal pockets form and collagenous fibers of the periodontal ligament and the bony 

housing of the tooth roots are destroyed.” 

“Bacteria and their components provoke a dense infiltrate of inflammatory cells 

such as macrophages, neutrophilic granulocytes, and lymphoid cells. Bacterial substances 

activate macrophages and neutrophilic granulocytes to produce and release large 

quantities of pro-inflammatory cytokines and prostanoids particularly IL- 1β, TNF-α, 

PGE, and matrix metalloproteinases. These molecules mediate destruction of 

extracellular matrix of the gingival and periodontal ligament and cause resorption of 

alveolar bone (Page RC, 1998). 
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2.5.3 RISK FACTORS ASSOCIATED WITH PERIODONTAL DISEASE 

It has been comprehensively demonstrated that social, economic and 

environmental factors have a fundamental impact on oral health and a complex causal 

pathway between social structure and health works through interlink of material, 

psychosocial and behavioral pathways (Newton and Bower, 2005). Health morbidity is 

related to socio-economic status of an individual/population (Palmqvist et al. 2000). Age 

and education are the best predictors of periodontal status, but these demographic 

variables accounted for only 12% of the variance in disease status (Garvey et al. 1986). 

2.5.3.1 Socio-demographic and Behavioral factors 

a. Age 

Aging is commonly associated with periodontal disease, although 

this relationship is thought to be more related to the cumulative 

periodontal breakdown over time than to an age-related, intrinsic 

deficiency that contributes to susceptibility to periodontal disease. (Genco 

RJ, 1996) Epidemiological studies (Grossi et al. 1994, 1995; Streckfus et 

al. 1999) have shown more periodontal disease, both in terms of 

attachment loss as well as bone loss, among older age groups compared to 

younger age groups. Research (Johnson et al. 1989; Van der Velden. 

1984) shows that certain physiological changes in periodontium occur 

with age, but these changes alone are not responsible for periodontal 

breakdown. In fact, the “effect of aging on periodontal destruction appears 

to be negligible compared to the role of plaque as represented by oral 

hygiene practices”. (Abdellatif and Burt, 1987) In a 5-year follow-up of 

elderly patients in Finland, very little change in the periodontal status was 

noted, indicating that periodontal disease in the elderly who are relatively 

healthy is not caused by the aging process alone (Ajwani and Ainamo, 

2001). However prevalence and severity of CAL is directly related to 

older age in cross-sectional surveys (AAP 1996) 
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b. Sex 

Associations between gender and periodontal disease were mixed. 

Males were found to have significantly more clinical attachment loss and 

bone loss after adjustment for age, socioeconomic status, and oral hygiene 

(Grossi et al. 1995, 1994). Norderyd et al. (1993) observed that females 

were 58% in the group with sever periodontitis and female gender was 

related with severe bone loss. 

Women with osteoporosis were reported to be at increased risk of 

periodontitis. (Ronderos et al. 2000) Postmenopausal women on estrogen 

therapy have shown differences in periodontal disease status and exhibited 

significantly less gingival bleeding compared to women not on estrogen 

therapy. (Norderyd et al. 1993) Another study has suggested that “estrogen 

supplementation may be associated with reduced gingival inflammation 

and a reduced frequency of clinical attachment loss in osteopenic / 

osteoporotic women in early menopause” (Reinhardt et al. 1999).  

c. Socio-economic status (SES): Education, Income, Occupation 

Periodontal diseases are more frequent and more severe among 

individuals of low socioeconomic status (SES) assessed through indicators 

of income, education, than among their peers of higher SES (Nikias et al. 

1977; Borell et al. 2002; Elter et al.1999); however these SES indicators 

are used as covariates of analysis of factors associated with PD (Borell et 

al. 2006). An area based association between SES indicators and health 

outcome have been documented (Picket et al. 2001; Krieger et al. 2002) 

but mechanisms are not well understood (Borell et al. 2006). Studies have 

documented differences in periodontal health according to socioeconomic 

indicators (i.e., income and education) (Beck et al. 1990; Cherry et al. 

1995) “Individual income and education are important factors in 

periodontal health independent of neighborhood SES circumstances, and 

poverty and residence in a disadvantaged neighborhood were associated 

with higher odds of severe periodontitis” (Borell et al. 2005). Lower SES 
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individuals have greater exposure and show more susceptibility to 

infections and have a greater risk of developing chronic diseases 

(Crimmins et al. 1994) but they also more likely lack access to health care 

and treatment (Adler et al. 1993). 

d. Life-style 

Literature reported an association of life style with periodontal 

disease (Sakki et al. 1995; Shizukuishi et al. 1998; Teng et al. 2003) and 

showed an inverse relationship between physical activity and periodontitis 

independent of risk factors (Merchant et al. 2003). Lalla et al. (1998) 

postulated pathway of elevated levels of blood glucose, formation of 

advanced glycation end products (AGE) and their deposition in the 

periodontium for association of physical activity with periodontal disease 

that result in ensuing an inflammatory response that leads to attachment 

loss and bone resorption (Lalla et al. 2000).  An increased physical activity 

is associated with improved insulin sensitivity and glucose metabolism, 

independent of diabetes and obesity (Goodyear et al. 1998; Borghout and 

Keizer, 2000). 

 e.  Obesity 

Association of periodontitis to obesity was identified in Japan 

(Saito et al. 1998) and later on supported by other studies; (Saito et al. 

2001; Alzahrani et al. 2003; Wood et al. 2003; Genco et al. 2005; Nishida 

et al. 2005; Saito et al. 2005; Dalla Vecchia et al. 2005); however Linden 

et al. (2007) reported no association with obesity in 7% of men observed 

with severe periodontitis. Ylastalo et al. (2008)  noted that body weight of 

a non-diabetic, non-smoking population aged 30–49 years, was associated 

with the number of teeth with deepened periodontal pockets in an 

exposure dependent manner, but this association was necessarily not 

causal (Ylastalo et al. 2008). Linden et al. (2007) and Borrell & 

Papapanou (2005) have observed that men who were obese, had a 

different risk factor profile from those who were overweight or had 
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normal BMI; there was an increased prevalence and heaviness of smoking, 

more diabetes, lower SES, and fewer years in education (Linden et al. 

2007) and these factors also have association with an increased risk of 

periodontitis (Borrell & Papapanou, 2005). Genco et al. (2005) has 

suggested that insulin resistance mediate the association between obesity 

and periodontal disease however Ylastalo et al. (2008) does not suggest 

any specific biological mechanism of how obesity may have an adverse 

effect on the periodontium.  

8.  Diet  

Nutritional deficiencies influence oral infectious diseases and 

malnutrition may exacerbate periodontal diseases (Moynihan and 

Petersen, 2004). On a global level, nutritional deficiencies may contribute 

to more advanced periodontal diseases in developing countries. (WHO, 

2005) However, a study comparing the periodontal condition of young 

men in India with clinical symptoms of malnutrition to the periodontal 

condition of well-nourished men showed no difference in the periodontal 

condition of the malnourished group compared to the well-nourished 

group (Ramfjord et al. 1968). Other similar studies failed to demonstrate 

an association between periodontal disease and nutrition (Waerhaug J, 

1967). A randomized trial of supplemental calcium and Vitamin D in 

subjects of ≥65 years; it was shown that supplemental calcium and 

Vitamin D, originally aimed to reduce osteoporosis, was also shown to 

significantly reduce tooth loss (Krall et al. 2001). “The relationship of 

Vitamin C intake and periodontal disease was explored in the Third 

National Health and Nutrition Examination Survey (NHANES III). A 

weak, but statistically significant association was found between Vitamin 

C intake and periodontal disease, with that association being a dose-

response relationship. Low Vitamin C intake among former and current 

smokers showed an even higher increased risk of periodontal disease” 

(Nishida et al. 2000). 
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2.5.3.2 Smoking 

Cigarette smoking has long been recognized as a risk factor for periodontal 

disease (Thomson et al. 2007; Tomar and Asma, 2000) and smokers have more chances 

of developing periodontitis than nonsmokers (Bergstrom J, 2004). Smoking is now well-

established as the primary behavioral risk factor for periodontitis (Gelskey SC, 1999; 

Johnson & Hill, 2004) and evidence of positive effects of smoking cessation is available 

from cross-sectional or clinical studies (Bergstrom J, 2003; Johnson & Hill, 2004). Vered 

et al. (2008) revealed a dose-response relationship of present smoking habits to 

periodontal disease. 

Preber et al. (1980) reported one of the earliest studies on relationship of smoking 

and periodontal health conducted on army conscripts in Sweden and showed smokers to 

be at an “increased risk of gingivitis, although no differences were noted in bone loss or 

periodontal pocketing”. “Significant associations between cigarette smoking and both 

clinical attachment loss and alveolar bone loss were shown in a study of clinical risk 

indicators by Grossi et al”. (1995). Cigarette smoking significantly increases the risk of 

tooth loss from periodontal disease (McGuire and Nunn, 1996) and this relationship of 

cigarette smoking to tooth loss from periodontal disease also appears to be dose-related. 

Heavy cigarette smokers exhibit a significantly greater risk of tooth loss from periodontal 

disease than non-smokers or less-than-heavy smokers (McGuire and Nunn, 1999). Cigar 

and pipe smoking have also been significantly related to both tooth loss and alveolar bone 

loss (Krall et al. 2001). Prospective cohort study by Thomson et al. (2007) reported a 

long-term smoking as a risk factor for periodontitis in adulthood as compared to never-

smokers. Similar findings were observed in other studies (Gelskey et al. 1999; Johnson et 

al. 2004; Dolcini et al. 2003; Fendrich et al. 2005)  

2.5.3.3 Microbial risk factors 

Microbial dental plaque as the initiator of periodontal disease has long been 

recognized (Loesche et al. 1985; Zambron JJ, 1996); however not all bacteria of dental 

plaque have shown a consistent association with the progression of periodontal disease. 

(Zambron JJ, 1996) Actinobacillus actinomycetemcomitans, Bacteroides forsythus, and 
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Porphyromonas gingivalis have been repeatedly identified as etiologic agents in the 

periodontal destruction; (Tataki et al, 2005; Zambron JJ, 1996) however other studies 

(Listgarten et al. 1991; MacFarlane et al. 1988; Wennstrom et al. 1987) indicated that 

none of these pathogens were useful in predicting periodontal disease progression. In 

another study (Machtei et al. 1999) B. forsythus was predictive of tooth loss among 

subjects with little or no periodontitis at baseline.  In a recent prospective longitudinal 

study (Tran et al. 2001) B. forsythus was identified as a risk marker for attachment loss in 

a population with low prevalence and severity of chronic periodontitis. “B. forsythus and 

P. gingivalis have shown association with disease progression in established periodontal 

patients” (Machtei et al. 1999) and also showed association with alveolar bone loss. 

(Grossi et al. 1995) 

2.5.3.4 Systemic Conditions 

The association between oral infections and systemic diseases is not a new one 

and two hundred possible connection of oral and systemic conditions has been reported in 

literature (Bricker et al. 1994). Many systemic conditions have been implicated in the 

initiation and progression of oral / periodontal conditions and currently evidence is 

growing on role of periodontal diseases in many systemic conditions. “Nutritional 

influences, endocrine disorder, hematologic disorders, psychosomatic disorders, 

cardiovascular disorders and immunodeficiency disorders are the common systemic 

conditions to influence the oral diseases” (Klokkevold et al. 2002). 

“There is abundant evidence that periodontal disease significantly enhance risk of 

certain systemic conditions. A strong link of periodontitis and arthritis, diabetes, COPD, 

pregnancy outcomes and CVDs such as stroke, PAD and CHD has been explored and 

explained by many studies. The association between PD and CHD has been postulated to 

be mediated through inflammatory and infectious mediators and commonality of risk 

factors”(Bokhari and Khan, 2009c). 
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2.6 ASSOCIATION OF PERIODONTAL DISEASES AND 

 CORONARY HEART DISEASES 

 Periodontitis is prevalent human disease with defined risk parameters that 

contribute to population morbidity in terms of edentulism and decreased oral function. 

(Oliver and Brown, 1993) “Oral diseases qualify as major public health problems owing 

to their high prevalence and incidence in all regions of the world, and as for all diseases, 

the greatest burden of oral diseases is on disadvantaged and socially marginalized 

populations” (Petersen et al. 2003). 

Since the association between periodontal disease and cardiovascular disorders 

has been reported in literature, the evidence is mounting day by day without having a 

clear understanding of the plausible pathway for this association. Many early 

epidemiological studies have reported this link. (Beck et al. 1998; Genco RJ, 1998, 

Loesche et al. 1998) A meta-analysis (Janket et al. 2003) of nine cohort studies concluded 

that “periodontal disease was associated with a 19% increase in risk of future 

cardiovascular disease in all age groups and a 44% increase in risk in people aged ≤65 

years”. Janket et al. (2003) reported a relative risk of 1.19 for developing CVD in patients 

with periodontitis. This risk was elevated in individuals of <65 years and the relative risk 

of stroke alone were 2.85. A majority of clinical and epidemiological studies and 

systematic reviews (Mattila et al. 1993; Mattila et al. 1995; Emingil et al. 2000; Morrison 

et al. 1999; Dav‟s and van Dyke 2008; Scannapieco et al. 2003) confirm the presence of a 

weak to moderate association of PD and CVD/ CHD. 

 Association of PD and CHD in the presence of a strong confounding factor 

(smoking) has been observed in a study by Andriankaja et al. (2007). This study provided 

greater evidence of association between CAL and MI in non-smokers and showed that 

periodontal disease could affect CHD independently of the effect of smoking. The study 

by Beck and colleagues (1996) revealed stronger association between periodontal disease 

and fatal CHD compared to non-fatal CHD. Deliargyris et al. (2004) demonstrated 

through a case-control study that the incidence of periodontal disease was three times 

higher in a group of individuals who had suffered a myocardial infarction relative to a 

well matched healthy control group. The study included statistical accounting for 
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confounding factors including smoking, diabetes mellitus, and infarct size. Association 

between periodontal disease and CHD is reported to be consistent across genders 

(Andriankaja et al. 2007). Cross sectional study carried out by Pussinen et al. (2005) have 

shown serological IgG to Actinobacillus actinomycetemcomitans and Pg were correlated 

with increased risk of coronary heart disease in a Finnish population. Specifically they 

noted a two fold increase in risk for CHD after controlling for confounding factors. The 

epidemiologic evidence to date shows a significant but modest relationship between 

periodontitis and CVD (Dav and van Dyke 2008).  

Relationship between periodontal disease and CVDs is complicated by a variety 

of factors as both diseases share several risk factors including smoking, age, diabetes 

mellitus, and socioeconomic status (Scanpieco et al. 2003). However, emerging evidence 

indicates that obesity and psychosocial stress, risk factors for CVDs, may also be risk 

factors for periodontal disease. “Patients with severe CAD defined by multiple vessel 

disease had significantly more periodontal destruction than those with mild CAD, as 

shown by mean clinical attachment level, a measure of chronic periodontal disease” 

(Gotsman et al. 2007). Tuominen et al. (2003) reported that “oral health indicators were 

not independent risk factors for CHD deaths. No association was observed between 

periodontal pocket depths and CHD death and it was concluded that “the associations 

could be explained by confounding factors, particularly those relating to health behavior, 

although results do not allow excluding the possibility of an etiologic role of oral 

infections in CHD”.  

 On the basis of moderate relationship or no relationship at all as reported by 

different studies; “it has been difficult to compare these studies due to a lack of 

consistency of study designs, outcome measures of cardiovascular disease and 

periodontal disease (Hujoel PP, 2005). This consistency is especially evident in 

measurement of periodontal disease and could be a major source of inconsistent findings. 

“If there is a relationship between cardiovascular disease and periodontal disease, there 

must be an adequate exposure of periodontal disease to create cardiovascular disease”. 

(Hujoel PP, 2005)   
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2.6.1 POSSIBLE PATHWAYS IN ASSOCIATION OF PD AND CHD 

 Many chronic diseases have causes in common and the most important causes are 

psychosocial pathways (Marmot M, 2004).  “A core group of modifiable risk factors is 

common to many chronic diseases and injuries. The four most prominent NCDs - 

cardiovascular diseases, diabetes, cancer and chronic obstructive pulmonary diseases - 

share common risk factors with oral diseases, preventable risk factors that are related to 

lifestyle” (WHO report 2003). Age, Sex, SES, life style, obesity, diet, and smoking 

(Dietrich et al. 2008; Andriankaja et al. 2007; Buhlin et al. 2003; Beck et al. 1998) are 

identified risk factors, which play role in the development and association of PD and 

CHD. However it is not clear whether the risk factors common to both PD and CHD 

modify the effect of periodontal disease on CHD development or play a role of 

confounder. Age, Sex and SES are determinants whereas lifestyle, obesity, diet and 

smoking are modifiable and may play a role to change the course of both diseases? “A 

significant dose-dependent association, independent of age, BMI, diabetes mellitus, 

fasting glucose, total cholesterol, high-density lipoprotein cholesterol, triglycerides, 

hypertension, systolic and diastolic blood pressure, education, marital status, income, 

smoking, alcohol intake, and occupation, was noted between periodontitis and CHD 

incidence in men <60 years of age however no association was found among men >60 

years of age” (Dietrich et al. 2008). Both causal and non-causal pathways have been 

suggested by Dietrich et al. (2008) that could explain an association between 

periodontitis and CHD (Fig 2.1).  

Different approaches have been used to elucidate the association between 

periodontal disease and CHD. A number of recent studies (Barilli et al. 2006; Geismar et 

al. 2006, Briggs et al. 2006; Starkhammar et al. 2008) have demonstrated that the two 

diseases are associated; however a cause and effect relation has yet to be shown. Studies 

have shown higher bacterial profile in ACS cases (Renvert et al. 2006; Rubenfire et al. 

2007), role of pathogen bacteria with coronary event (Spahr et al. 2006), a vascular 

response to periodontal pathogens (Nakamura et al. 2008) and increased serum antibody 

levels to periodontopathic bacteria in periodontitis patients with CHD (Yamazaki et al. 

2007). Zaremba et al. (2007) and Pucar et al. (2007) demonstrated presence of 
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periodontal bacteria in the atherosclerotic plaques in obstructive coronary lesions and 

relationship of periodontal putative bacteria with atherosclerosis in coronary arteries. 

Several studies have demonstrated that inflammatory markers are increased in patients 

with periodontal disease (Noack et al. 2001; Ebersole et al. 1997; Loos et al. 2000; 

Yamazaki et al. 2007). In a cross-sectional study, Loos et al. (2000) confirmed the 

elevation of CRP and IL-6 in patients suffering from periodontal disease vs a matched 

healthy control group. Serum levels of CRP (indicator of systemic inflammation) were 

higher in individuals who had suffered both an MI and periodontal disease vs those 

individuals who had suffered only one or the other.  

Periodontal diseases is an inflammatory condition that may induce a local and 

systemic inflammation (Young et al. 1991) and is associated with raised concentrations 

of C-reactive protein (CRP), fibrinogen and cytokines, haptoglobin etc (D‟Aiuto et al. 

2005c; Ebersole e al 1997); all of which have been causally linked to atherosclerosis-

induced disease (Scannapieco et al. 2003). Inflammation is implicated in the cause and 

pathogenesis of atherosclerosis that is the basic cause of CHD (Paoletti et al. 2004). 

Standard non-surgical periodontal treatment reduced periodontal inflammation and has 

been shown to reduce systemic inflammatory markers and CRP (D‟Aiuto et al. 2005a; 

D‟Aiuto et al. 2005b; Bokhari et al. 2009) Intervention studies also showed improvement 

in vascular and endothelial function after periodontal treatment (Tonetti et al. 2007; 

Seinost et al. 2005). 

To date no study has been reported to provide an answer to the question of 

causality of periodontal diseases and CVD (Dav‟s and van Dyke, 2008). Beck and 

Offenbacher (2005) reviewed the subject (PD-CHD causal relationship) and 

recommended that RCTs were necessary to definitively answer the question of causality. 

Scannapieco et al. (2003) in a systematic review concluded that there was as yet 

insufficient evidence available to recommend periodontal intervention to reduce the risk 

of CVDs. A recent consensus document (Bouchard et al. 2010) on periodontal disease 

and cardiovascular diseases concluded that periodontitis continues to have a high 

prevalence within the population and CVD remains as the major cause of human death, in 
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the light of currently available evidence, it can legitimately be stated that oral health has 

an influence on systemic health in general and in CVD in particular. 

Figure 2.1 Possible pathways explaining Periodontitis-CHD association (Dietrich, 2008) 
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2.6.2  ASSOCIATION OF CARDIAC DISEASES AND INFLAMMATORY 

BIOMARKERS (CRP, FIBRINOGEN AND WBCS) 

Inflammatory mechanisms play a pivotal role in the genesis of atherosclerosis and 

its complications (Ross R, 1999). “Inflammatory markers of CRP, serum amyloid A 

(SAA), fibrinogen, and pro-inflammatory cytokines are frequently reported to be 

associated with prognosis in cardiovascular diseases; but because of biological, 

economic, and analytical limitations are not supported by a consistent data” (Pearson et 

al. 2003). However C-reactive protein (CRP) as an inflammatory marker has most 

extensively been studied in cardiovascular diseases (Biasucci et al. 1999). Ridker PM. 

(2003b) found CRP prominent among the possible candidates for a clinically useful 

biomarker of CVD risk. Clearfield  et al. (2005) has indicated “a number of large, 

prospective epidemiologic studies to report hs-CRP as a strong independent predictor of 

future cardiovascular events, including myocardial infarction, ischemic stroke, peripheral 

vascular disease”, and there is also sudden cardiac death among individuals without 

known CVD (Ridker PM, 2003, 2001).  
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CRP was initially believed to be only a marker of vascular inflammation; recent 

research indicates that it also plays an active role in atherogenesis (Blake and Ridker, 

2003; Ridker et al. 2003b) and is considered to be involved throughout the atherogenic 

process, facilitating processes of initial recruitment of leukocytes to the arterial wall and 

eventual rupture of the plaque (Ridker et al. 2003b). Calabro et al. (2003) noted that CRP 

produced locally in human coronary arteries may participate in the atherogenic process. 

“The production of CRP is non-specific and is elevated by smoking, bacterial and viral 

infections and tissue damage” (Palosuo et al. 1986). CRP is found in atherosclerotic 

plaques (Renolds and Vance, 1987) and may “mediate tissue damage through activation 

of the complement system by binding to modified LDL with exposed phosphorylcholine” 

(Bhakdi et al, 1999), endothelial cell adhesion molecule expression (ICAM-1, VCAM-1 

and E- selectin) showed a 10 fold enhancement of CRP in serum (Pasceri et al. 2000). 

“CRP also stimulates peripheral monocytes to produce tissue factor, a potent stimulus for 

thrombosis” (Cermak et al. 1993).  

Prasad K (2006) has reported “various mechanisms for role of CRP to initiate and 

develop atherosclerosis which include a) Release of reactive oxygen species (ROS) by 

complement activation, platelets aggregation, induction and expression of cytokines in 

monocytes. Activated complement, platelet-activating factor and cytokines stimulate 

leukocytes to release ROS. CRP also increases the generation of ROS by monocytes and 

neutrophils directly. ROS have been implicated in the initiation and maintenance of 

atherosclerosis; b) Increase of the expression of adhesion molecules by increasing the 

expression of vascular cell adhesion molecule-1 (VCAM-1), intercellular adhesion 

molecule-1 (ICAM-1), and E-selectin in endothelial cells from umbilical vein or coronary 

artery. CRP increases the secretion of monocyte chemoattractant protein-1 (MCP-1) by 

endothelial cells of the umbilical vein; c) Foam cell formation as serum CRP mediates the 

uptake of LDL into macrophages to form foam cells; d) Destabilization of plaques and e) 

Increased formation of plasminogen activator inhibitor-1 (PAI-1).” 

Pepys and Hirschfield (2003) has demonstrated “a number of factors thought to 

drive the increased CRP production during atherothrombotic events are i) inflammation 

in atherosclerotic plaques, ii) total atherosclerotic burden, iii)  inflammation elsewhere in 

the body, iv) metabolic status rather than inflammation, v) individual higher CRP 
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responsiveness to prevalent endogenous or environmental acute-phase stimuli”. 

Cardiovascular effects of clotting, generation of oxygen radicals, and increase in the 

expression of adhesion molecules and plasminogen activator inhibitor-1, plaque 

destabilization are possessed by CRP (Prasad K, 2006). The use of hs-CRP has been 

recommended as an independent marker of prognosis for recurrent events including AMI, 

and re-stenosis after percutaneous cardiac interventions (PCIs) and death, in clinical 

practice by American Heart Association and European Society of Cardiology (Pearson et 

al. 2003). The data is quite consistent in providing information to identify a “cutoff level 

of 10 mg/L as a marker of higher risk for death and possibly MI in ACSs, and a cutoff of 

3 mg/L identifies a group of patients with intermediate risk and a high rate of recurrent 

events; however these potential cutoff levels in ACS are different from cutoff values in 

primary prevention” (Pepys and Hirschfield, 2003). Current guidelines recommend an 

optional use of hs-CRP to predict absolute risk in selected patients (Zebrack et al. 2002) 

and hs-CRP assays allow adequate precision down to and below 0.3 mg/L. Up to these 

lower but previously “normal” ranges of CRP, have predictive abilities for CHD events 

(Pearson et al. 2004). 

“Possible specific associations of CRP with cardiovascular disease may be 

mediated through i) selective binding of CRP to LDL especially “damaged” LDL; ii) 

CRP deposition in atherosclerotic plaques; iii) aggregated and/or ligand-complexed CRP 

activates complement and can play an pro-inflammatory role; iv) co-deposition of CRP 

with activated complement in all acute myocardial infarction lesions; v) “human CRP and 

complement increase myocardial infarction size in experimental models” (Pepys and 

Hirschfield, 2003). Circulating inflammatory marker C-reactive protein (CRP) is 

associated with risk of coronary heart disease (Danesh et al. 2004). Early studies have 

reported a “prognostic association between increased CRP production and outcome after 

acute myocardial infarction and in acute coronary syndromes” (de Beer et al. 1982; Berk 

et al. 1990).  Elevated hs-CRP levels and future CHD events has generally been 

consistent among the studies (Ridker PM, 2001). Prospective studies (Cermak et al. 1993; 

Lagrand et al. 1997; Rus and Niculescu, 1997; Akira et al. 1993) of CRP and CHD 

showed a risk for CHD. C-reactive protein has been extensively investigated than 

fibrinogen, however too little is yet known about CRP to determine whether the 
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association with CHD chiefly reflects causality (Biasucci et al. 1996).  Zebrack et al. 

(2002) correlated C-reactive protein with extent of CAD, but the degree of correlation 

was low. He reported that severity and extent of CAD and CRP are independent and 

additive predictors of risk. A strong relation between hs-CRP and risk of myocardial 

infarction was noted in men without other risk factors (Sakkinen et al. 2002). Women 

with the highest baseline hs-CRP levels had 5 times higher risk of suffering a vascular 

event and 7 times the risk of myocardial infarction or stroke than did controls (Ridker et 

al. 1998). 

Nurses‟ health study (NHS) and the health professionals follow-up study (HPFS) 

have supported the results of the Women‟s health study (WHS) (Pai et al. 2004) which 

have found that “hs-CRP is a predictor of CHD that is independent of other 

cardiovascular risk factors. After adjustments for smoking status and other established 

CHD risk factors, patients whose baseline hs-CRP levels were in the top tertile (cutoff 

value=2.0 mg/L) had an odds ratio of 1.45 (95% CI, 1.25–1.68) for CHD compared with 

those in the bottom tertile (cutoff value=0.78 mg/L)”. CRP was raised in patients with 

AMI and unstable angina shortly after the onset of symptoms compared to patients with 

stable CAD (Berk et al. 1990; Liuzo et al. 1994). Increased plasma levels of C-reactive 

protein have been reported in some patients with unstable angina (De Beer et al. 1982), 

with coronary artery disease and other types of angina (Juhan-Vague et al. 1989), and in 

20 percent of patients who have an acute myocardial infarction within six hours after the 

onset of symptoms, before any elevation serum levels of myocardial enzymes (Andreotti 

et al. 1990). A long-term predictive value of raised CRP levels was found in patients with 

documented coronary artery disease and angina (Thompson et al. 1995) and in 

individuals with multiple risk factors (Haverkate et al. 1997). In the Physicians' Health 

Study (Ridker et al. 1997), among low-risk individuals, high-sensitivity (hs)-CRP levels 

within the normal range were linearly related to the incidence of myocardial infarction 

over a follow-up period of 8 years. Other reports (Berk et al. 1990; Liuzzo et al. 1994) 

also found significantly higher baseline levels of hs-CRP in patients with unstable angina 

or acute myocardial infarction compared with levels in patients with stable CAD reported 

by Juhan-Vague et al. (1989). 
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 Ability of CRP levels in serum to predict clinical recurrence after percutaneous 

coronary interventions (PCIs) was shown by Buffon et al. (1999) in a study on single-

vessel coronary disease using balloon angioplasty (without stent implantation). “CRP 

levels and to a lesser extent serum amyloid A (SAA) levels significantly predicted 

adverse events, as hs-CRP above 3 mg/L  was associated with an approximately 5 fold 

increased risk of recurrent events” (Liuzzo et al. 1994). Morrow et al. (1998) showed a 

18-fold increased risk of death among patients with unstable angina and NSTEAMI using 

an hs-CRP determination and a cut-off level of 15.5 mg/L. Mueller et al. (2002) showed 

the “prognostic role of CRP with non-ST elevation acute coronary syndromes 

(NSTEACSs) and observed significantly higher in-hospital mortality in patients having 

CRP levels greater than 10 mg/L than in those with CRP less than 3 mg/L (3.7 vs. 

1.2%)”. In a multivariate analysis including fibrinogen levels, age, diabetes, and 

hypertension, only CRP levels above 3 mg/L were an independent predictor of new 

ischemic events including death, AMI, and hospitalization for UA (Biasucci et al. 1999).  

Risk of death was significantly greater for patients with CRP levels higher than 10 

mg/L (Toss et al. 1997). CRP levels above 10 mg/L were associated with a significantly 

higher chance of death (9.2 vs 3.9%, p = 0.001) (Lenderink et al. 2003). Walter et al. 

(2001) observed a significant and independent increase of risk after stent implantation in 

patients with elevated CRP levels (>5 mg/L). With elevated CRP, the 10-year cumulative 

CHD incidence was 33% in men and 17% in women, regardless of the presence or 

absence of cardiac risk factors. Pearson et al. (2003) reported the possible role of CRP 

measurement in primary prevention, suggesting that “concentrations of 1 to 3 mg/L 

indicate intermediate risk, levels >3 mg/L indicate increased risk and levels of >10 mg/L 

might indicate other inflammatory diseases. Primary analysis of CHD events categorized 

CRP as low (<1 mg/L), intermediate (1 to 3 mg/L), or elevated (>3 mg/L) to address the 

utility of recent guidelines for risk assessment”. Most of the studies mentioned above 

provide evidence for i) an association between CRP and CHD events and future risk of 

recurrence and death; ii) the role of CRP in pathophysiology of CHD, and iii) the 

predictive and/or prognostic value of CRP; therefore it may be assumed that lowering of 

CRP levels would prevent development of CHD and its complications. Li and Fang 

(2004) further added that whatever the clinical outcome, CRP levels are related to the 
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acceleration and progression of cardiovascular disease. A recent large study (Danesh et 

al. 2004) reported a modest association of CRP with future coronary heart disease 

(CHD).  

Li and Fang (2004) hypothesized that CRP is not only an inflammatory marker 

but also a direct cause of CVD, and treatments that reduce CRP should benefit for 

primary and secondary prevention of CVD. Different studies (Anzai et al. 2003; 

Ballantyne et al. 2003; Cha et al. 2002) have suggested that angiotensin-converting 

enzyme inhibitors beta-blockers, aspirin and statins are effective in decreasing the 

incidence of future coronary events in patients with increased CRP concentrations. 

“Aspirin has been known to decrease risk of future cardiovascular events due to anti-

platelet activity. Among apparently healthy men in the health professional study (PHS) 

with CRP levels of >2.1 mg/L, aspirin use (325 mg of aspirin every other day) decreased 

the risk of future myocardial infarction by almost 60% (Ridker et al. 2000). Atorvastatin 

(80 mg) has significantly reduced CRP by 83%, versus 74% (p<0.001) with placebo at 16 

weeks (Kinly et al. 2003). Other clinical trials reported by Prasad K, (2006) have shown 

that statins reduce patient levels of CRP by 15% to 28% as early as six weeks after 

treatment begins independent of the magnitude of reduction in LDL-C levels. Several 

drugs such as angiotensin II converting enzyme inhibitor (ACEI), angiotensin II receptor 

blocker (ARB), β-blocker as well as antiplelet drugs for example ezetimibe and 

clopidogrel have also shown the decreased effects on serum CRP level. Although no 

specific therapies have been developed to decrease CRP and there is no direct evidence 

that risk of future cardiovascular events is diminished by reducing CRP. The beneficial 

effects of pharmacological therapy to reduce CRP levels reported in various studies have 

been described in table 2.1 
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Table 2.1: Effect of Drugs on plasma CRP levels 

CHD Drugs Dose Effect on CRP levels 

Antiflammatory / 

Cyclooxygenase inhibitors  

 

325 mg every other day 

300 mg daily 

75 mg daily 

81 mg daily 

25mg daily 

200 mg daily 

44% reduction 

29% reduction 

Significant reduction 

No detectable effect 

55% reduction  

Significant reduction 

 

Continued…  

Angiotensin  

receptor blockers  

(ARBs)  

 

80 mg daily 

300 mg daily 

8 mg daily 

40 mg daily 

10 mg daily 

39% 

significant 

contradictory reports 

38% 

Significant 

Angiotensin converting 

enzyme (ACE) inhibitors 

 

 

 

32% in atherosclerosis, Less 

effective 

Effective in heart failure 

Ineffective in CHD patients 

Ineffective in MI patients 

β-adrenoreceptor antagonists  

and antioxidants  

 

20 mg daily 

60 mg daily 

700-800 IU/ 300mg -1G daily 

73% 

12% 

Significant 

Calcium channel antagonists 

 

Doses not mentioned 26%, 8.7%, 9% 

No Effect 

Lipid lowering agents  

 

10/20/40 mg daily  

 

200 /250 mg daily 

13-50% depending upon dose 

25-62% reduction in 

combination with atorvastatin 

29-84% 

Platelet aggregation inhibitors  

 

75mg daily 

Dose not mentioned 

Significant for short term 

32% 

Diuretics Dose not mentioned No effect in Hypertensive 

patients 

Source: Prasad K. (2006) C-reactive Protein (CRP)-Lowering Agents. Cardiovascular Drug 

Reviews 24(1):33–50 

 

Circulating haemostatic marker of fibrinogen is also associated with risk of 

cardiovascular disease (Fibrinogen Studies Collaboration, 2005). Fibrinogen is a strong 

primary risk factor for cardiovascular disease in healthy individuals (Maresca et al. 

1999).  Epidemiological studies and meta-analyses have shown association between 

plasma fibrinogen levels and prevalent and incident coronary heart diseases, including 

myocardial infarction (MI) (Ernst and Resch, 1993; Danesh et al. 1998). A case-control 
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study (Lowe et al. 2003) has provided evidence for increased hyperfunctional plasma 

fibrinogen in MI survivors, which is not associated with markers of inflammatory 

reactions  

Fibrinogen is associated with higher risk of CAD in healthy as much as in high 

risk individuals (Thompson et al 1995; Folsom et al. 1997), and predict future CAD 

events (Kannel et al. 1992; Becker et al. 1996). Fibrinogen also reflects the extent of 

subclinical disease in subjects free from symptomatic CAD (Tracy et al. 1995). Danesh et 

al. (1998) identified and analyzed eighteen studies of fibrinogen (including 6 studies in 

patients with either angina or myocardial infarction at baseline), involving “a total of 

4018 CHD cases with a weighted mean age of 56 years at baseline and a weighted mean 

follow-up of 8 years. Overall, comparison of individuals with fibrinogen levels in the top 

third with those in the bottom third at baseline yielded a combined risk ratio of 1.8 (95% 

CI, 1.6-2.0) for CHD, and the estimated mean usual fibrinogen levels were 10.3 and 7.4 

μmol/L (0.35 and 0.25 g/dL) that indicate a substantially stronger relationship”. 

The possibility that fibrinogen is associated with CHD, chiefly as one of cause 

and effect, is supported by the strength and consistency of the associations reported in 

prospective and other studies, and by the apparent plausibility of the mechanisms of 

blood viscosity and platelet aggregation (Sinzinger and Pirich, 1992) through which such 

an effect might be produced (Thompson et al. 1992). In a study on patients with stable 

angina pectoris, the level of fibrinogen in serum was an independent predictor of 

cardiovascular death, nonfatal myocardial infarction, and the risk of revascularization 

(Held C 2000). Increased levels of fibrinogen are a strong predictor of a poor outcome in 

unstable CAD, and are also reported in patients with asymptomatic atherosclerosis (Tracy 

et al. 1995; Toss et al. 1998; Levenson J1995) Stable coronary heart disease are 

associated with morbidity and mortality; (Benderly et al. 1996) however patients with 

unstable coronary heart disease baseline levels of fibrinogen are associated with a worse 

outcome (Becker et al. 1996; Haverkate et al. 1997; Toss et al. 1997). Elevated fibrinogen 

levels are related to spontaneous in-hospital ischemic episodes in unstable angina (Becker 

et al. 1996) and there is reported incidence of death and/or myocardial infarction during a 

5-month follow-up period (Toss et al. 1997).  In cases of acute myocardial infarction, no 
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significant differences in fibrinogen or CRP levels were found on admission in patients 

with single, double, and triple vessel disease as determined by the coronary angiography 

(Sutter et al. 2001). Plasma fibrinogen levels were positively associated with 

cardiovascular risk factors (CVRF) of age, gender, diabetes, hypertension, smoking habit, 

and history of coronary event or stroke (Boudjeltia et al. 2006). 

Early studies by Lowe et al. (1985) and Burr ML (1994) have shown that patients 

with elevated white blood cell (WBC) counts were at higher risk of mortality and 

recurrent AMI. Recent studies have confirmed an association between an elevated WBC 

counts and clinical outcomes in AMI patients and furthermore suggested that WBC could 

serve as a simple and inexpensive tool for risk stratification in acute coronary syndromes 

(Cannon et al. 2001; Barron et al. 2000); however a “causal relationship between 

leukocyte count and CHD is particularly difficult to establish because leukocytes have 

such a wide range of biological effects, some potentially protective against vascular 

disease and some potentially damaging” (Danesh et al. 1998). Nineteen prospective 

studies of leukocyte count and CHD were identified by Danesh J et al. (1998) involving a 

total of 7229 cases with a weighted mean age at baseline of 55 years and a weighted 

mean follow-up of 8 years. Overall, comparison of individuals with a single baseline 

leukocyte count in the top third with those in the bottom third yielded a combined risk 

ratio of 1.4 (95% CI, 1.3- 1.5), which is similar to the overall risk ratio of 1.5 (95% CI, 

1.4-1.6) in all 19 studies.   

Leukocyte counts were reported to be higher and positively associated with 

cardiovascular risk factors (CVRF) of age, gender, diabetes, hypertension, smoking habit, 

and history of coronary event or stroke (Boudjeltia et al. 2006). Elevated blood leukocyte 

count reflect an underlying or unreported infection or illness, was also associated with all 

levels of CRP above normal but was more strongly associated with very high CRP levels 

(Alley et al. 2006). Elevated counts of white blood cells (WBC) were observed in patients 

with acute coronary syndromes and may serve as a simple and inexpensive tool for risk 

stratification in acute coronary syndromes (Byrne et al. 2004).  Hoffman et al. (2004) 

suggested that prognosis of CHD events may be made and several possible mechanisms 

demonstrated by reviewing the clinical data of high WBC counts. It is possible that white 
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blood cell count and population groups may be used for a better way of risk stratification 

of patients admitted with acute vascular events (Hoffman M, 2004).  Brown et al. (2001) 

suggested that higher WBC levels predict CHD mortality independently of smoking and 

other CVD risk factors. 

2.6.3 ASSOCIATION OF PERIODONTAL DISEASES AND INFLAMMATORY 

BIOMARKERS (CRP, FIBRINOGEN AND WBCS 

Periodontal disease is an infectious disease that induces a local as well as 

systemic cascade of inflammation contributing to the systemic inflammation (Glurich et 

al. 2002; Persson et al. 2005). “In response to a variety of injuries of bacterial, viral, 

mechanical/thermal trauma, ischemic necrosis or malignant growth, a highly complex 

reaction of the organism is represented through acute phase reaction” (Koj A, 1996). 

Ebersole and Cappelli, (2000) noted “manifestation of systemic acute phase response 

through fever, neutrophilia, changes in lipid metabolism, increased gluconeogenesis, 

activation of complement and coagulation pathways, and induction of acute phase 

proteins”.  

DeBows LJ (1998) expressed that “periodontal infections result in continued 

stimulation of immune and nonimmune responses from the body. The production of local 

cytokines stimulates release of inflammatory mediators, which may reach significant 

levels and affect cardiovascular system”. Acute phase response shows an increase in 

leukocyte and platelet count in blood, a change in vasculature; creates a primary defense 

reaction and provide protection against bacterial products such as endotoxins (Palosuo et 

al. 1986). “The acute-phase response elicited as result of infections, trauma, surgical 

wounds, and myocardial infarction also responds by hepatic synthesis of plasma proteins 

with a wide diversity of actions” (Morley and Kushner, 1982). The acute phase proteins 

play an essential role in the inhibition of extracellular proteases, blood clotting and 

fibrinolysis, modulation of immune cell function and neutralization and clearance of 

harmful components from circulation (Deodar S, 1989).  “The synthesis of acute phase 

proteins is regulated by cytokines such as TNF- α, IL-1, IL-6”(Palosuo et al. 1986). 

Deliargyris et al (2004) demonstrated through a case-control study that the serum levels 

of CRP were higher in individuals who had suffered from MI and periodontal disease that 
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those who had only one or the other. Loos et al. (2000) confirmed elevation of CRP in 

patients with periodontitis as compared to control group. Another cross-sectional study 

(Amar et al. 2003) also reported higher levels of CRP in patients with severe periodontal 

disease. C-reactive protein may also reflect systemic but nonvascular chronic 

inflammatory and infectious processes that impact risk of acute coronary events by 

influencing levels of circulating proinflammatory and prothrombotic factors (Zebrack et 

al. 2002). Wu et al. (2000) concluded from their analysis that CRP and fibrinogen are 

possible intermediate factors that may link periodontal disease to elevated CVD risk. 

Increased plasma fibrinogen levels have shown associations with periodontal 

diseases.(Montbugnoli et al. 2004; Meurman et al. 2003: Kweider et al. 1993; Bizzarro et 

al. 2007) “In 2,738 subjects aged 20 to 59 years, analysis showed an increased plasma 

fibrinogen level (> or =3.25 g/L); Odds Ratio (OR) for higher number of periodontal 

pockets (> or =15 periodontal pockets) and increased plasma fibrinogen levels was 1.88 

(95% CI: 1.25-2.83). Bivariate analyses showed that periodontal patients had 

significantly higher fibrinogen (g/l) than controls (p=0.001 for both)” (Schwahn et al. 

2004). In another study by Kweider et al. (1993), multivariate analyses showed an 

association between the gingival index and fibrinogen. ”This association was independent 

of age, smoking status, social class, and group status (patient vs control). The Plaque 

Index and Community Periodontal Index of Treatment Needs were reported to show 

similar trends, but were not significant. In this study, it appeared that individuals with 

poorer Gingival Index scores had higher fibrinogen scores”.  

Increase in number of WBCs is normal reaction of bone marrow to infection or 

inflammation (Abramson and Meelton, 2000). White Blood Cell counts have shown an 

association with periodontal disease in different studies (Kweider et al. 1993; Hasegawa 

et al.2002; Bizzarro et al. 2007). Periodontal patients had significantly higher white cell 

counts than controls (p<0.001). An association between gingival index and white cell 

counts was also noted. Each of these associations was independent of age, smoking 

status, social class, and group status (patient vs control). The elevated levels of White 

Blood cells were observed in patients of periodontitis, and there was a significant 

difference between smokers and nonsmokers (Fredriksson et al. 1999). Kinane DF. 
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(1998) also reported association of higher WBC counts in blood and CVD. Periodontal 

disease has been recognized as a chronic inflammatory and infectious disease that 

triggers local and systemic inflammatory response. This chronic inflammatory state 

stimulates initiation and progression of atherogenic lesions that are associated with 

atherothrombotic events. There is evidence that biomarkers of inflammation are elevated 

years advance of first MI event and are predictive of recurrent MI, stroke, and death due 

to CVDs. 

2.7 BIOMARKERS OF INFLAMMATION 

 Several Biomarkers of inflammation have been identified and are in use for 

quantification and stratification of systemic inflammation. Different acute phase reactants 

such as C-reactive protein, fibrinogen and white blood cell count have been used to 

describe status of systemic inflammation. (D‟Aiuto et al. 2004a). A detailed description 

of the characteristics of CRP, fibrinogen and white blood cells has been provided by 

Danesh et al. (1998) to understand the physiology and biochemistry of these biomarkers. 

(table: 2.2) 

Table 2.2 Biochemistry of CRP, Fibrinogen and WBCs 

Characteristic Fibrinogen C-reactive Protein Leukocyte Count 

Description Large glycoprotein Pentameric protein White blood cells 

Effects in plasma Hemostasis; 

leukocyte adhesion 

increases viscosity 

Opsonizes infections; 

activates complement; 

binds free DNA 

Various (eg, antibody 

and cytokine synthesis; 

clearance of foreign and 

host debris) 

Main site of synthesis Liver Liver Bone marrow 

Main modulators Various cytokines Interleukins 1 and 6; 

tumor necrosis factor ά 

Various cytokines 

Main correlates Age; smoking 

low-density lipoprotein 

cholesterol; physical  

inactivity; 

social class;  alcohol 

abstinence 

Age; smoking; possibly 

fibrinogen 

Age; smoking; obesity; 

blood pressure; possibly 

fibrinogen 

Baseline mean (SD) 8.8 (2.4) μmol/L 

[0.30 (0.08) g/dL] 

0.38 vs 0.02  log10 mg/L 8.4 vs 5.6  x 10
9
/L 

Inflammatory response ≈4-Fold rise ≈1000-Fold rise ≈3-Fold rise 

Drawn and modified from Danesh et al. (1998) 
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2.7.1  ACUTE-PHASE REACTION 

The systemic changes associated with inflammation, especially in patients who 

have infections, are collectively called the acute phase response, or the systemic 

inflammatory response syndrome (SIRS) (Kumar et al. 2004). This acute phase is 

characterized by several clinical and pathologic changes, such as fever, production of 

acute phase proteins, and leukocytosis (Kushner et al. 1999). “The C-reactive protein and 

fibrinogen are acute-phase reactants produced as a result of acute-phase reaction which 

refers to physiological and metabolic alterations ensuing immediately at onset of 

infection or tissue injury” (Ebersole et al. 2000). An induction of acute-phase proteins is 

noted among the characteristic features of systemic acute-phase response (Ebersole et al. 

1997). “These acute phase proteins inhibit extracellular proteases, play role in blood 

clotting and fibrinolysis, modulate immune cell function, neutralize and clear harmful 

components from the circulation” (Ebersole et al. 2000). 

The use of acute-phase reactants as a measure of infectious and inflammatory 

processes in gingival tissues are supported early literature (Baumann and Gauldie, 1994; 

Sibraa et al. 1991). There is an increased activity of plasminogen activator inhibitor-1 

caused by infection (Ebersole et al. 2000) and raised production of CRP reflects 

inflammation elsewhere in the body (Pepys and Hirschfield, 2003). “The mechanism 

responsible for the low-grade go up in CRP levels that predicts coronary events in general 

populations is not known”(Danesh et al. 2000; Koenig et al. 1999). The positive 

association of CRP values with other CVD risk factors, such as periodontal disease and 

smoking (Andriankaja et al. 2007), seems more clearly related to local non-arterial 

inflammation. Fibrinogen represented as a major risk factor for CVD may have direct 

link with inflammatory activity in atherosclerosis (Earnst E, 1993). 

 “The synthesis of acute-phase proteins is regulated by cytokines (Interleukin-1, 

TNF-α, Interleukin-6) and to a lesser extent by glucocorticoid hormones. Acute-phase 

proteins are of two types: type I include Serum Amyloid A, C-reactive protein, 

complement C3 and α1-acid glycoprotein which are induced by IL-1 and TNF-α; type II 

include fibrinogen, haptoglobin, α1-antichymotrypsin, α1-antitrypsin, α2-macroglobulin 

and are induced by IL-6 like cytokine” (Ebersole and Cappelli, 2000). Serum levels of C-

reactive protein (CRP) closely follow course of acute-phase response to inflammation or 
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tissue necrosis. Its measurement provides a valuable and timely barometer for many 

disease processes of infectious or non-infectious conditions (Ebersole and Cappelli, 

2000). Serum elevations of CRP indicate serious disease and predict a poor outcome in 

elderly patients with infections (Hogarth et al. 1997). 

2.7.2  C-REACTIVE PROTEIN 

 CRP is generally considered as the most sensitive marker of the acute phase 

response to infectious burden and/or inflammation. And as a consequence of its best 

kinetics it best describes the systemic individual “inflammatory status” (D‟Aiuto et al. 

2004a, 2004b).  C-reactive protein (CRP) was first identified in 1930 by Tillet and 

Frances, in the sera of patients acutely infected with pneumococcal pneumonia (Tillet and 

Francis, 1930). CRP, normally present in trace amounts in serum, increases rapidly and 

dramatically in response to a variety of infectious or inflammatory conditions (Kolb-

Bachofen V, 1991; Ballou and Kushner, 1992), rate of CRP synthesis and secretion may 

increase to 100-1000 times (Van Leeuwen and van Rijswijk, 1994).  Since its discovery, 

CRP has been studied as a screening device for occult inflammation, as a marker of 

disease activity, and as a diagnostic tool (Pepys MB, 1992). Recently, more rapid and 

precise methods of quantifying CRP have led to a renewed interest in its value in clinical 

medicine (Palosuo et al. 1986; Harmoinen et al. 1980). 

2.7.2.1 Biochemistry/Physiology 

 “C-reactive protein synthesized by hepatocytes, is a pentameric protein consisting 

of five non-covalently bonded identical subunits with an overall molecular weight of 

approximately 11800 daltons. CRP production is stimulated in response to infection and / 

or tissue inflammation, by cytokines, particularly IL-6, IL-1, and tumor necrosis factor” 

(Kolb-Bachofen V, 1991; Jupe D, 1996). CRP has the ability to activate complement 

through the classic complement pathway, and modulate the function of phagocytic cells 

(Jupe D, 1996). 
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2.7.2.2 Circulating CRP concentrations 

 Levels in healthy individuals are normally less than 10 mg/L; however, this level 

increases in disease states and may raise to peak levels approaching 350–400 mg/L. (A5) 

Anemia, polycythemia, protein levels, red blood cell shape, patient age, or gender have 

no affect on CRP levels (Pepys MB, 1981; Young et al. 1991). The median concentration 

of CRP is 0.8 mg/l, the 90
th

 centile is 3.0 mg/l, and the 99th centile is 10 mg/l in healthy 

young adults, but following an acute-phase stimulus, values may increase from less than 

50 g/l to more than 500 mg/l, that is, 10,000-fold (Shine et al. 1981). “Mainly CRP is 

produced only by hepatocytes, predominantly under transcriptional control by the 

cytokine IL-6, although other sites of local CRP synthesis and possibly secretion have 

been reported” (Pepys MB, 1981). “De novo hepatic synthesis starts very quickly after a 

single stimulus and serum concentrations rise above 5 mg/l in about 6 hours and reach 

peak levels around 48 hours. The plasma half-life of CRP is about 19 hours and is 

constant under all conditions of health and disease” (Vigushin et al. 1993). “The sole 

determinant of circulating CRP concentration is the synthesis rate that directly reflects the 

intensity of the pathological process stimulating CRP production; when the stimulus for 

increased production completely ceases, the circulating CRP concentration falls rapidly” 

(Vigushin et al. 1993). A statistically significant heterogeneity for fibrinogen and CRP by 

time of blood sample collection is observed (Rudnicka et al. 2007). Table 2.3 shows the 

population distribution of high sensitivity C-reactive protein using the FDA approved 

Dade Behring assay, among a group of over 5000 American men and women without 

known cardiovascular disease (Blake and Ridker, 2001). “Very high levels of CRP are 

generally considered temporary elevations indicative of acute inflammation (in contrast 

to levels between 1 and 10mg/L, which are generally considered indicative of chronic 

inflammation); levels of CRP above 10mg/L have shown an association with increased 

cardiovascular risk” (Ridker and Cook, 2004). 
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Table: 2.3: Population distribution of serum CRP levels 

Quintile Range (mg/dl) Risk estimate 

1 0 ·01–0·069 Low 

2 0 ·07–0·11 Mild 

3 0 ·12–0·19 Moderate 

4 0 ·20–0·38 High 

5 0 ·38–1·50 Highest 

 

2.7.2.3  CRP Measurement 

 CRP was measured qualitatively or semi-quantitatively using latex agglutination, 

which proscribed its use for differential diagnosis because any degree of inflammation 

produced positive results (Jay and Waits, 1997). Now more accurate and rapid 

quantitative procedures of laser nephelometry, rate immunonephelometry or turbidimetry, 

and enzyme immunoassay for CRP measures are available. Nephelometric assays, which 

measure the formation of antigen-antibody complexes when anti-CRP antiserum reacts 

with patient serum, are the most widely used technique for measuring CRP today (Deodar 

S, 1989). Accurate results can be obtained in 30 min with an analytical sensitivity of 0.04 

mg/L (Jay and Waits, 1997). Normal human serum will contain CRP concentrations less 

than 10 mg/L with the mean level increasing slightly with age. 

 There is no difference in mean concentrations between men and women although 

higher levels are found late in pregnancy (Young et al. 1991). It is generally accepted that 

“mild inflammation and viral infections cause elevation of CRP in the 10–40 mg/L range 

while active inflammation and bacterial infections produce levels of 40–200 mg/L”. 

Levels over 200 mg/L are found in severe bacterial infections and burns (Jupe D, 1996). 

A value above 100 mg/L is more likely to be associated with a bacterial infection 

although viral infections have caused CRP levels this high (Palosuo et al. 1986; Morley 

and Kushner, 1982). 
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2.7.2.4 CRP and Demographic, Environmental and Life Style Factors 

 CRP levels are affected by demographic (age, gender, education, income, SES), 

environmental (seasonal, diurnal) and lifestyle factors (obesity, smoking).  Increasing age 

was associated with increased odds of all CRP levels above normal (Alley et al. 2006). 

Gender–age interaction may have important implications for CRP-based secondary risk 

assessment and requires further investigation (Khor et al. 2004).  Among patients aged 

>55 years, CRP levels were similarly predictive in men and women (HR=2.2 vs. 2.7), 

whereas in patients of <55 years of age, it remained predictive for men (HR=1.8; 95% CI 

1.5–2.3) but not women. Rudnicka et al. (2007) reported no difference in levels of CRP 

between men and women, however Khor et al. (2004) noted an higher geometric mean 

CRP levels in women than did men (1.47 vs. 1.30 mg/dL; p=0.001), even after 

adjustment for age, hyperlipidemia, diabetes, prior MI, body mass index, and heart failure 

(p=0.002).  

High CRP levels were associated with increased mortality or MI among men but 

not among women. CRP levels have been found to be lower among those with more 

years of education (Panagiotakos et al. 2004) and with higher family incomes  

(Jousilahti et al. 2003; Pankow et al. 2001). “Very high CRP levels were associated with 

82% elevated odds for living in poverty relative to those above poverty after controlling 

for age, sex, and race/ethnicity” (Alley et al. 2006). Socioeconomic status is related to 

higher CRP, but this effect is greatest at very high CRP levels (>10mg/L). Findings 

suggest that very high CRP may not only be related to acute infection, but also to chronic 

conditions (asthma and bronchitis) and health behaviors (obesity and exercise) (Blake 

and Ridker, 2001).  

Obesity (Visser et al. 1999), smoking (Frohlic et al. 2003), and heavy drinking 

(Albert et al. 2003) are all related to higher CRP levels. Obesity was the single largest 

risk factor for CRP above normal levels. Obese individuals were more than three times as 

likely to have moderately elevated CRP, more than six times as likely to have high CRP, 

and more than nine times as likely to have very high CRP (Yang et al. 2006). Obesity 

increases CRP levels and may increase coronary risk partly through CRP. There is 1.3-

fold greater chance of having increased hs-CRP (OR, 1.3; CI, 1.19 to 1.43; p =.001) and 
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for every 1-point increase in BMI z-score there was 1.5-fold greater chance of having the 

same alteration (OR, 1.5; CI, 1.38 to 1.86; P = .001) (Yang et al. 2006; Oliveira et al. 

2008). 

BMI and CRP was correlated in young adults in a study by Visser et al (1999) in 

middle aged men by Mendall et al. (1996) and in elderly men and women by Tracy et al. 

(1997) A strong correlation was observed between CRP and total fat mass and visceral fat 

mass (Lemieux et al. 2001); the same relationship between CRP and visceral fat was 

observed in South Asian population (Forouhi et al. 2001). CRP was on average higher in 

the winter months compared with summer months; however a marginal effect was 

observed on CRP levels (Crawford and Stout, 2000; Crawford et al. 2000; Frolich et al. 

2002). CRP concentrations are actually relatively constant in an individual, both with 

regards to time of day, and over days to months, even over months to years (Ferranti and 

Rifai, 2002). “CRP levels in healthy subjects over 24 hours measured hourly showed no 

significant individual diurnal variations, which make it possible to measure CRP at any 

time of the day” (Meier-Ewert et al. 2001). 

2.7.2.5 CRP and Inflammation 

 CRP is part of a pool of proteins whose plasma levels increase greatly during the 

inflammatory response (acute phase proteins) (Gabay and Kushner, 1999) and is reported 

as a perfect marker of inflammation because of in part to its analytical factors and in part 

to its biological profile (Biasucci et al. 2001). CRP represents a more practical clinical 

marker of inflammation than IL-6, the major determinant of their production (Morrone et 

al. 1988) because of its much shorter half-life (4 hours) ( Mestries et al. 1994). 

 

2.7.3  FIBRINOGEN 

 Fibrinogen, a glycoprotein dimer, is key coagulation factor and acute phase 

reactant exclusively synthesized by the liver (Gabay and Kushner, 1999). “Fibrinogen, 

being a substrate of enzyme thrombin and the precursor to fibrin, affects hemostasis, 

serum viscosity and platelet aggregation. An overall mean value of 236.4 +/- 47.6 mg/dl 
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of plasma fibrinogen concentration was observed in 1044 employees aged 30-59 years” 

(Takahashi et al. 2000). Fibrinogen is an essential component of the coagulation cascade 

and has been found to be associated with short- and long-term prognosis (Verheggen et 

al. 1999). Fibrinogen and fibrinogen degradation products may intercede the adhesion of 

macrophages to the endothelial surface and further migration into the intima (Miyao et al. 

1993) and also stimulate smooth muscle cell proliferation and migration (Thompson and 

Smith, 1989). Fibrinogen is involved in earliest stages of plaque formation as it is directly 

integrated into the artery wall (Thompson and Smith, 1989). Fibrinogen promotes 

vascular inflammation and thrombosis. (Byrne et al. 2004) It is an important determinant 

of blood viscosity (Sinzinger et al. 1992) and it can act as a cofactor for platelet 

aggregation (Thompson WD 1992). “Fibrinogen has a very long half-life, show a 

relatively small increase during acute phases, and is consumed during the coagulation 

process; for all of these reasons, it does not represent the ideal prognostic marker in 

ACS” (Abbate et al. 2003). 

 Predictive value of elevated levels of fibrinogen was first demonstrated by 

Northwick Park study (Mead et al. 1986). Fibrinogen was consistently found to be 

associated with long-term risk (Benderly et al. 1996) but the power of this association is 

very different among studies, probably because of non reproducible analytical methods or 

because of its consumption during the acute phases. “Initially relationship between 

haemostatic parameters and cardiovascular risk was not priority area of investigation, 

however later on epidemiological and cohort studies showed a positive relationship 

between increased plasma levels of fibrinogen, blood clotting factor VII and an inhibitor 

of fibrinolysis, plasminogen activator inhibitor (PAI-1)” (Juhan-vague et al. 1996). 

2.7.3.1 Fibrinogen and Demographic, environmental and life style factors 

 Environmental factors influence serum plasma levels of fibrinogen (Ernst et al. 

1992). Fibrinogen is associated with age, smoking, physical activity and blood pressure 

(Ernst et al. 1986). Takahashi et al. (2000) showed its association with age, body weight, 

and body mass index; however it was not related to physical exercise, alcohol 

consumption or dietary factors. Fibrinogen levels were associated with age (Thompson et 

al. 1995; Folsom et al. 1985; Ernst et al. 1992), higher levels in subjects with poor dental 
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hygiene (Woodhouse et al. 1994), and in obese subjects. (Folsom et al. 1985; Woodhouse 

et al. 1994) Increased fibrinogen levels were observed in subjects from lower socio-

economic classes. Studies have identified a marked seasonal variation in fibrinogen with 

highest levels in winter. (Crawford et al. 2000; Stout et al. 1991; Woodhouse et al. 1994) 

and a peak in early summer (Juhan-Vague, 1996) however Stout et al. (1996) did not find 

a seasonal effect on fibrinogen levels.  

2.7.3.3 Fibrinogen and Systemic Inflammation 

 Plasma fibrinogen levels are shown to be associated with systemic inflammation 

and effects are observed even 5 years after MI (Reganon et al, 2002). Plasma fibrinogen 

concentration was associated with white blood cell count and inversely associated with 

serum HDL cholesterol in male nonsmokers (Takahashi S, 2000). 

 

2.7.4  WHITE BLOOD CELLS 

 Leucocytes are the mobile units of the protective system of the body (Guyton, 

2000). A change in peripheral leukocyte number is assumed to be diagnostically 

informative and may be a prognostic marker, reflecting organ damage (Kayashama1995). 

“The association between leukocytosis and increased morbidity and mortality of ischemic 

vascular disease has been observed for more than half a century, and recent studies in 

>350,000 patients confirm the robustness of the association and the dramatically higher 

relative and absolute acute and chronic mortality rates in patients with high versus low 

leukocyte counts” (Coller BS 2005). A 17 year follow-up study showed that mean WBC 

count (x10
9
/L) was greater among persons who died from CHD (7.6 vs 7.2, p <.001) 

compared to persons with a WBC count <6.1. Persons with a WBC count >7.6 were at 

increased risk of death from CHD (relative risk = 1.4, 95% confidence interval = 1.1-1.8) 

after adjustment for smoking status and other CVD risk factors (Brown et al. 2001). 

 “WBC count was associated with an elevated 6-year risk of myocardial infarction, 

cardiac death, and total mortality. On multivariate adjustment, the positive association 

with risk of myocardial infarction and cardiac death was eliminated, but WBC count 
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remained predictive of total mortality: relative risk, 1.47; 95% confidence interval, 1.13 

to 1.92, in the upper tertile of WBC count (as compared with the lowest). For every 1000/ 

microL increase in WBC count, risk of total death increased by 6% (relative risk, 1.06; 

95% confidence interval, 1.03-1.10)” (Haim M 2004). 

2.7.4.1 White Blood Cells and Demographic, Environmental and Life Style Factors 

Factors of age, body mass index, serum triglycerides, high-density lipoprotein 

cholesterol, and periodontal levels were found to have a significant association with the 

WBC count by multivariate regression analysis in the smoking group with periodontal 

disease. Non-smoking subjects who were free of periodontal disease had a mean WBC 

count of 4.69±1.0x10
9
cells/L. This value can be used as a reference for WBC counts in 

healthy subjects (Hasegawa et al. 2002). Smoking was significantly and positively 

associated with white blood cells in a study on 15,489 persons with non-smoking, former 

smoking and current smoking status (Bakhru and Erlinger, 2005); and similar association 

was observed by other studies (Pradhan et al. 2002; Kuller LH, 1996; de Maat MP, 1996) 

Smokers tend to have higher leukocyte counts than nonsmokers, (Petitti and Kipp, 1986) 

and an adjustment for self-reported smoking substantially reduces the strength of the 

association between leukocyte count and CHD, however an association is reported even 

among non-smokers (Phillips et al. 1992). 

 

2.8 PERIODONTAL DISEASE AS AN EMERGING RISK FACTOR 

 Evidence for a relationship of newly identified risk factors for systemic diseases 

has emerged over the last many years as classical risk factors partially define CHD cases 

(Helfand et al. 2009). Periodontal disease has started to emerge as risk factors for 

cardiovascular disease. (Paquette et al. 2008) C-reactive protein, which has been 

implicated in cardiovascular disease, has also been found in elevated levels in subjects 

with adult periodontitis compared to healthy adults (Montebugnoli et al. 2004). Elevated 

levels of C-reactive protein, other acute phase reactants and chemokines, including alpha 

1-antitrypsin, haptoglobin, fibrinogen, and IL-8, have been significantly increased during 
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gingivitis and/or periodontitis in non-human primates (Vigushin et al. 1993). Serum lipid 

levels (cholesterol, triglycerides, HDL, LDL) and lipoproteins (apoA-I) have also shown 

elevation during periodontitis (Rudnicka et al. 2007). Clinical studies have suggested a 

relationship between hyperlipidemia and periodontitis (Katz et al. 2001; Cutler et al. 

1999; Duan et al. 2009). Infections produce changes in lipid metabolism that may favor 

atherosclerosis. (Kinane DF, 1998) Inflammatory biomarkers have been found at raised 

levels both in periodontitis and CHD. (Bokhari et al. 2009; Amar et al. 2003; Bizzarro et 

al. 2007) Editors of Journal of Periodontology and American Journal of Cardiology 

(Friedewald et al. 2009) have recommended in their consensus statement that “although 

inflammation hypothesis provides a plausible and attractive explanation for the 

periodontitis-atherosclerosis relation, further research is needed to define the mechanism 

linking the 2 diseases and how patients with periodontitis should be managed to reduce 

their risk for CVD.” A consensus paper on relationship of periodontal disease and CVD 

by European Society of Cardiology concludes that “if further studies consistently identify 

PD as a risk factor for CHD and treatment studies show benefit, the implications are 

significant from a public health perspective (Sanz et al. 2008). 



 

 

 

Chapter 3 

METHODOLOGY  
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3.1  STUDY TYPE AND SETTING 

 This study was designed as a single-blind parallel-arm randomized, controlled 

intervention trial. After screening and consent, eligible subjects received a baseline 

examination of periodontal clinical parameters and collection of blood samples for 

analysis of inflammatory mediators. Subjects were then randomized to arms A (Group A: 

Intervention group) and B (Group B: delayed treatment /non-intervention group), at a 2:1 

ratio. Treatment was rendered to Group A within 10 days of baseline examination. Group 

A received a 2
nd

 examination at 4 weeks (±3 days) following completion of treatment, 

while Group B received the same at 4 weeks (±3 days) following baseline examination 

(account for treatment time of Group A). Groups A and B received a 3
rd

 examination at 4 

weeks (±3 days) after 2
nd

 examination, while Group B also subsequently received 

periodontal therapy (same as Group A received after baseline examination). The study 

was conducted at Sheikh Zayed Federal Postgraduate Medical Institute and Punjab 

Institute of Cardiology, Lahore Pakistan.  

3.2  STUDY POPULATION 

Cardiac patients with coronary heart disease (CHD) having > 50% stenosis of at 

least one coronary artery as defined by the American Heart Association and World Heart 

Federation (Leupker et al. 2003) documented by coronary angiography or prior 

myocardial infarction (MI) or coronary artery bypass surgery (CABG), or percutaneous 

coronary intervention (PCI); and who fulfilled the inclusion criteria were recruited from 

the Department of Cardiology, Punjab Institute of Cardiology, Lahore, Pakistan. 

3.3  SAMPLE SIZE 

The sample size of this study was based on the results of the pilot trial (Bokhari et 

al. 2009). Sample size was calculated using a statistical power calculator 

(http://www.stat.uiowa.edu/~rlenth/Power/index.html).  

Sample size was calculated for a two-tailed, two-sample t-test, based on the pilot 

study results for the primary endpoint (post-treatment serum CRP values). Based on a= 

http://www.stat.uiowa.edu/~rlenth/Power/index.html
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0.05 and assuming a mean difference between groups of 0.2, with a group A 

(intervention group) sigma=0.3 and group B (control group) sigma=0.5, then a study 

with 158 subjects in group A and 79 subjects in group B would have 90% power 

(power=0.9) to detect a significant difference between the two groups.  

Assuming a 25% drop-out rate in both groups, then 212 CHD subjects with 

periodontitis would need to be randomized to the treatment arm (intervention group) 

and 105 CHD subjects with periodontitis would need to be randomized to the control 

arm. Therefore, to complete the randomized controlled trial of periodontal therapy in 

CHD subjects with periodontitis under the power analysis assumptions listed above, a 

total of 317 CHD subjects with periodontitis would need to be recruited and 

randomized. 

3.4  SCREENING OF STUDY POPULATION 

All consecutive CHD patients attending the outpatient department of Punjab 

Institute of Cardiology, Lahore Pakistan having angiography were screened on the basis 

of inclusion/exclusion criteria. A nurse of the hospital was trained to screen and enroll the 

CHD patients in accordance with the general and medical exclusion/inclusion criteria for 

oral and periodontal evaluation. Oral and periodontal evaluation was performed at 

„Dental Health Center‟ of Punjab Institute of Cardiology Lahore by a dentist for final 

selection of the subjects based on oral and periodontal exclusion/inclusion criteria.  

3.5  INCLUSION / EXCLUSION CRITERIA 

General and medical inclusion criteria were patients of any race/ethnic group, 

aged > 30 years, male or female, CHD case (CHD case according to the definition 

described above), having coronary angiography, or myocardial infarction, or coronary 

artery bypass surgery, or angioplasty > 3 months prior to entry into study, clinically 

stable in the absence of any potentially confounding inflammatory condition. Patients 

were having no acute or chronic systemic conditions (see exclusion criteria below), no 

medications/medication history that can interfere with the study (see exclusion criteria 

below), non-smoker (=Never smoker) or former smoker (=Did not smoke at inclusion 
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time and has not smoked at all for a minimum of the last 12 consecutive months), were 

able and showed willingness to comply with study procedures, were able and available 

for the duration of the study, were able and provided a signed informed consent.  

Oral /periodontal criteria of inclusion was that patients had at least 14 natural 

teeth, excluding third molars, that can be evaluated periodontally, at baseline whole 

mouth BOP > 20% of sites, having ≥ 4 teeth with ≥ 1 site with PPD ≥ 4 mm & CAL ≥ 3 

mm at same site, no mechanical/surgical periodontal therapy in the last 6 months, and no 

acute oral diseases (mucosal lesions), oral infections, need for immediate 

dental/periodontal care (e.g., NUG, extraction/s, endodontic etc).   

 General and medical exclusion criteria was defined as subjects aged ≤ 30 years, 

not fulfilling criteria of defined CHD case, fulfilling criteria of defined CHD case but 

diagnosed /treated ≤ 3 months prior to start of study, current smoker, former smoker who 

does not smoke but who has smoked ≥ 1 cigarette (or equivalent, in form of water pipe, 

pipe, cigar) in the last 12 months, pregnant or lactating females, systemic chronic 

conditions known to be associated with periodontitis or with changes in systemic 

inflammation such as diabetes mellitus, rheumatoid arthritis, rheumatic fever, systemic 

lupus erythmatosis (SLE), malignancy, respiratory diseases, renal diseases and others 

(e.g., autoimmune diseases, fungal infections, immunological deficiencies, etc.). Subjects 

with systemic acute conditions known to affect systemic markers of inflammation such as 

acute bacterial infection, acute viral infection (common cold, influenza, and sinusitis), 

orthopedic trauma, surgery were excluded from study. Subjects taking medications 

known to affect systemic inflammatory biomarkers during last 3 months such as systemic 

steroids, non-steroidal anti-inflammatory drugs, immunosuppressant, hormone 

replacement therapy, contraceptives, and systemic antibiotic therapy were also not 

included in study. CHD patients unable or unwilling to comply with study procedures, 

unable or unwilling to be available for the duration of the study, unable or unwilling to 

provide signed informed consent were also excluded.  

 Patients with oral/periodontal status of < 14 teeth that can be periodontally 

evaluated (excluding 3
rd

 molars), BOP ≤ 20% of sites, not fulfilling criteria of defined 

periodontitis case, having received any periodontal therapy within last 6 months, 
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topical/local antibiotic or anti-inflammatory therapy in last 6 months, Acute oral 

infections, oral wounds, including recent  (< 2 months) extractions were not included in 

study. 

3.6  ENROLMENT AND RANDOMIZATION TO INTERVENTION-

GROUP AND NON-INTERVENTION-GROUP  

 CHD patients who fulfilled the inclusion criteria after general/medical/oral 

criteria were recruited for the study. All recruited subjects were randomized and blindly 

allocated into intervention group (Group A) and non-intervention group (Group B). 

Allocation to Groups A and B was at a 2:1 ratio (A:B). Randomization was made on a 

computer. Sealed opaque envelopes were provided to the subjects for their allocation to 

groups A or B by the research associate. Record of allocation was maintained by the 

research associate for recall visits for periodontal examinations or periodontal therapy 

masking the allocation from periodontal examiner.  

3.7  INFORMED CONSENT 

 All eligible subjects of study were the explained the purpose and procedure of 

study. An informed written consent was obtained from all subjects at time of inclusion in 

the study. (Annexure-I) 

3.8  ALLOCATION CONCEALMENT 

 In order to reduce the bias of clinical periodontal measures, this study was 

designed as a single-blind clinical trial. Periodontal examiner was kept blind of the 

allocation of subjects to the intervention (group A) and nonintervention (group B) arms. 

Periodontal examiner was not involved in the procedure of periodontal therapy. Subjects 

of study as well as staff involved in study were also unaware of the distribution of 

subjects to group A or group B at time of allocation.  
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Figure 3.1: Exclusion and Inclusion Criteria 

Exclusion Criteria Inclusion Criteria 

A. General/Medical 

1. Age ≤ 30 years 

2. Not fulfilling criteria of defined CHD case 

3. Fulfilling criteria of defined CHD case, but 

diagnosed ≤ 3 months prior to start of study 

4. Current smoker 

5. Former smoker who does not smoke but who 

has smoked ≥ 1 cigarette (or equivalent, in form 

of water pipe, pipe, cigar) in the last 12 months.  

6. Females pregnant or lactating 

7. Systemic chronic conditions known to be 

associated with periodontitis or with changes in 

systemic inflammation: Diabetes,Rheumatoid 

Arthritis, Rheumatic Fever, SLE, Malignancy, 

Respiratory diseases, Renal diseases, Other 

(e.g., autoimmune diseases, fungal infections, 

immunological deficiencies, etc.) 

8. Systemic acute conditions known to affect 

systemic markers of inflammation: Acute 

bacterial infection, Acute viral infection 

(common cold, influenza, sinusitis), Orthopedic 

trauma, Surgery 

9. Medications known to affect systemic 

inflammatory biomarkers: Statins, Systemic 

steroids, Non-steroidal anti-inflammatory drugs, 

Immunosuppressants,  

10. Medications potentially affecting systemic 

inflammatory markers, if therapy started less 

than 3 months prior to study such as 

Hormone replacement therapy, Contraceptives 

11. Systemic antibiotic therapy in the last 3 months  

12. Unable or unwilling to comply with study 

procedures 

13. Unable or unwilling to be available for the 

duration of the study 

14. Unable or unwilling to provide signed informed 

consent 

B. Oral/Periodontal 

1. <14 teeth that can be periodontally evaluated 

(excluding 3rd molars) 

2. BOP ≤ 20% of sites 

3. Not fulfilling criteria of defined periodontitis 

case 

4. Having received any periodontal therapy within 

last 6 months 

5. Topical/local antibiotic or anti-inflammatory 

therapy in last 6 months 

6. Acute oral infections 

7. Oral wounds, including recent (< 2 months) 

extractions 

A. General/Medical 

1. Any race/ethnic group  

2. Aged > 30 years 

3. Male or female  

4. CHD case (CHD angiographically confirmed) 

5. CHD diagnosed > 3 months prior to entry into 

study. 

6. No acute or chronic systemic conditions (see 

exclusion criteria below) 

7. No medications/medication history that can 

interfere with the study (see exclusion criteria 

below) 

8. Non-smoker (=Never smoker) or former 

smoker (=Does not smoke now and has not 

smoked at all for a minimum of the last 12 

consecutive months)  

9. Able and willing to comply with study 

procedures 

10. Able and willing to be available for the 

duration of the study 

11. Able and willing to provide signed informed 

consent 

B. Oral/Periodontal 

1. Dentate with at least 14 natural teeth, excluding 

third molars, that can be evaluated 

periodontally.  

2. Baseline whole mouth BOP > 20% of sites.  

3. Periodontitis case; periodontitis case defined as 

subject having  ≥ 4 teeth with ≥ 1 site with PPD 

≥ 4 mm & CAL ≥ 3 mm at same site  

4. No mechanical periodontal therapy in the last 6 

months.  

5. No acute oral diseases (mucosal lesions), oral 

infections, need for immediate 

dental/periodontal care (e.g., NUG). 
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3.9  EXIT CRITERIA 

Subjects declaring voluntary withdrawal, showing no compliance, or developing 

any event/condition related to exclusion criteria, or any change, happening after 

enrollment and prior to completion of study, change in prescribed cardiac medication(s) 

or other medications mentioned in exclusion criteria were exited from study. 

3.10  STUDY MONITORING AND DURATION OF STUDY 

The PI (dental epidemiologist) and Co-PI (cardiologist) monitored the subjects 

undergoing periodontal therapy for any unusual/non-anticipated adverse events in the 

CHD subjects following conventional mechanical periodontal therapy. Adverse events 

were recorded and evaluated as to their possible interference with the study treatment. 

Study was initiated in July 2008 and completed in May 2009.  

3.11  PARAMETERS OF STUDY 

Parameters of study were defined to be recorded at three stages of examinations. 

The stages of examinations were i) 1
st
 / baseline examination (E1/), ii) 2

nd
 examination 

one month after 1
st
 examination or after treatment (E2), and iii) 3

rd
 examination one 

month after 2
nd

 examination (E3). (Figure 3.2) 

3.11.1 DEMOGRAPHIC PARAMETERS 

Demographic characteristics of age, sex, education (No education, secondary, 

University), occupation (unskilled, skilled, professional), income (Rs. <10,000; 

Rs.=10,001-20,000; Rs. > 20,000), smoking (never smokers / former smokers) and BMI 

(Body weight / height
2
) were noted at baseline (E1).  

3.11.2 MEDICAL PARAMETERS 

The medical parameters relevant to CHD recorded at baseline (E1) were i) length 

of time since CHD diagnosis; ii) Hypertension (Yes /NO) iii) Blood Pressure at time of 

inclusion in study); iv) Cardiac procedures (PCI/CABG). History of prescribed and non-
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prescribed (self medication) medications was taken and recorded at all examinations (E1, 

E2, E3). 

3.11.3 ORAL PARAMETERS 

Oral and dental history was taken for any tooth loss / restorative / trauma and 

periodontal or other treatment at all examinations (E1, E2, E3). Previous history of 

periodontal diagnosis and therapy was noted at baseline (E1). Oral soft tissues conditions, 

number of teeth present, and number of untreated caries lesions were noted at baseline 

examination (E1). 

3.11.4 PERIODONTAL CLINICAL PARAMETERS 

All periodontal clinical recordings were made by a single calibrated examiner 

who was masked (blinded) as to the subject‟s study arm assignment (intervention or 

control). All periodontal recordings were performed using a UNC-15 probe with 1 mm 

markings, All teeth, except 3
rd

 molars, were examined for all 3 parameters. BOP was 

recorded at all three study visits (E1, E2, E3), PD, CAL was recorded at baseline and 2 

month examination (E1, E3). BOP was recorded as percent of the sites examined that 

were positive for bleeding on probing. BOP, PD, and CAL was recorded at six sites per 

tooth.  

3.12  PERIODONTAL EXAMINER’S CALIBRATION 

Periodontal examiner was trained and calibrated for inter-examiner and intra-

examiner repeatability for measurements of PPD and CAL. Training and calibration in 

clinical periodontal measures was done at Division of Periodontology, College of 

Dentistry, Ohio State University, USA (Annexure V). Intra-examiner agreement level for 

probing depths within 1 mm was of 90.5% and inter-examiner level was 83.3%. The 

intra-examiner agreement level for probing depths within 2 mm was of 97.1%; inter-

examiner level was 93.7%. Intra and inter-examiner level of agreement for gingival 

recession within 1 mm was 85.5% and 86.3% respectively; whereas the agreement within 

2 mm was 91.3% and 95.8%.  
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Figure 3.2: Parameters of Study and Stages of Examination 

Parameters of Study 1st examination at Baseline 2nd Examination 3rd Examination 

Demographic Parameters    

Age Yes No No 

Gender Yes No No 

Marital Status  Yes No No 

Education Yes No No 

Income Yes No No 

Work-type Yes No No 

BMI Yes No No 

Smoking Yes Yes Yes 

Medical Parameters    

CHD (1,2, ≥3 vessels) Yes No No 

Hypertension Yes No No 

Blood Pressure Yes No No 

Cardiac Procedures 

(PCI/CABG) 

Yes No No 

Cardiac Medicines Yes Yes Yes 

Periodontal Parameters    

Bleeding of Probing (BOP) Yes Yes Yes 

Periodontal Probing Depth 

(PPD) 

Yes No Yes 

Clinical Attachment Loss 

(CAL) 

Yes No Yes 

Inflammatory Parameters    

hsC-Reactive Protein (CRP) Yes Yes Yes 

Fibrinogen Yes Yes Yes 

White Blood Cells (WBCs) Yes Yes Yes 

Any other condition /Event of 

Interest (A confounding 

factor) 

Yes Yes Yes 

 

3.13  PERIODONTAL TREATMENT  

Conventional, mechanical, non-surgical periodontal treatment was provided to the 

intervention group (Group A), and completed within 10 days of baseline examination. 

The same treatment was also provided, for ethical reasons, to the nonintervention group 

(Group B) after completion of the 2 month follow-up, i.e., after the 3
rd

 examination was 

completed. Periodontal treatment was provided in 1-4 visits by a dentist. Non-surgical 

periodontal therapy included procedures of i). supra & sub-gingival ultrasonic scaling ( 

Suvan et al. 2005) using the ultra-sonic scaler (Belmont Japan); ii). polishing (by a dental 
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hygienist). Oral hygiene instructions were explained verbally by the dental hygienist and 

in writing provided to subjects (written in Urdu), that included: a. tooth brushing 

technique, b. brushing advised after breakfast and before bed and c. rinsing with water 

after all meals, d. use of the provided tooth paste (“Permethol” toothpaste manufactured 

by Wood Wards (Pvt) Ltd Pakistan, was  provided free of cost to all subjects of 

treatment-group for two months of follow-up period), and e. use of provided toothbrush. 

Free package of toothpaste and toothbrush was also provided to group B after completion 

of study along with periodontal therapy. Periodontal treatment was provided by two 

dental surgeons and two dental hygienists. Record for periodontal examination and 

treatment was maintained by the research associate. Research associate was also 

responsible for recall of the patients for follow-up visits. 

Fig 3.3: Periodontal Treatment Plan 

Intervention Group 

Initial 

Perio. 

Exam 

Perio. Therapy 

Scaling /  

Root planing & 

Oral hygiene 

Instructions 

 

 

 

30±3 days 

 

Revaluation + 

Follow-up exam 

Further mechanical 

treatment if 

needed+ 

Oral hygiene and 

Re-enforcement 

 

 

30±3 days 

 

Final  

Periodontal 

examination 

Non-intervention Group 

Initial 

Perio. 

Exam 

  

30±3 days 

Follow-up  

Examination of 

periodontal  

parameters 

 

30±3 days 

Final exam + 

Scaling / Root 

planning + 

Oral hygiene 

instruction 

 

3.14  FOLLOW-UP FOR COMPLIANCE IN PERIODONTAL 

MAINTENANCE  

All subjects were strictly followed for compliance of the instructions provided for 

periodontal maintenance. Telephone numbers of all subjects were obtained and weekly 

calls were made to reinforce maintenance of oral hygiene. Subjects were asked to attend 
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the dental clinic immediately if they experienced any oral or systemic ailment or they 

sought advice from a dental /medical practitioner in case of emergency.  

3.15  STUDY TIME LINE 

Subjects were followed for two months from baseline/1st examination (E1) to 

final examination (E3). All subjects were tried to be examined at 30 days of each follow-

up however a 3-days relaxation was provided in case of any emergency at the end of 

patient or periodontal examiner or holiday. Study time-line is shown in figure 3.3. 

 

Figure 3.4: Study Time Line 

    Group A (Intervention group) 
 

   -10__________treatment period______0_____30±3 days_____________________30±3 days 

 

 

 

   Baseline examination    2nd examination  3rd examination  

   BOP, PPD, CAL     BOP &   BOP, PPD, CAL 

   Blood collection     Blood collection  Blood collection 

 

 

   Group B (Non-intervention group) 

 

     0_______________________________30±3 days______________________________30±3 days 

  

  

 

   Baseline examination   2nd examination   3rd examination 

   BOP, PPD, CAL    BOP &    BOP, PPD, CAL 

   Blood collection    Blood collection   Blood collection 

 

3.16  SERUM ANALYSIS FOR hsCRP, FIBRINOGEN, AND WBCs  

Systemic inflammatory markers of risk for CHD, high-sensitivity C-reactive 

protein (hsCRP), Fibrinogen, and White Blood Cells were analyzed for all study subjects 

at all the three examinations (E1, E2, E3).  

3.16.1 BLOOD COLLECTION 

 Non-fasting venous blood was collected from the antecubital fossa by a 

phlebotomist of the hospital in vacuette tubes each marked for hsCRP, Fibrinogen and 
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WBCs.  Blood specimens were collected between 11-16 hours for all three examinations. 

Results of analysis received from laboratory were attached to the files prepared for 

keeping the study data of each patient. 

3.16.2 CRP TEST 

Specimen preparation and analysis:  

Blood was drawn by phlebotomist in vacuette tubes containing EDTA. Fresh 

serum was prepared by centrifugation of blood at 2000 rpm for 15 minutes, and stored at 

2-8
0
c for analysis within 8 days as instructed by the RCRP kit manufacturer. Analysis 

was performed by using C-reactive protein (Dimension®) high-sensitive assay in 

accordance with the instructions as described by the manufacturer of “RCRP Flex® 

reagent kit (Dade Behring Ltd Regus house, Atterbury Milton Keynes MK 10 9RG UK). 

For each set of analysis, controls were run for standardization. Duplicate test were run if 

any doubt arose.  The RCRP method is based on a particle enhanced turbidimetric 

immunoassay (PETIA) technique. Latex particles coated with antibody to C-reactive 

protein (AbPR) aggregate in the presence of C-reactive protein in the sample. The 

increase in turbidity which accompanies aggregation is proportional to the C-reactive 

protein concentration. Analytical sensitivity was <.5mg/L for lower limits. 

3.16.3 FIBRINOGEN TEST 

Specimen preparation and analysis:   

Plasma anti-coagulated with 3.2% sodium citrate with a ratio of nine parts blood 

to one part anticoagulant was used. Plasma was obtained by centrifugation at 2000rpm 

for 15 minutes and stored at <5
0
c for analysis within 2 days. Analysis was done as per 

directions of the manufacturer of fibrinogen kit “Trinity Biotech Plc IDA Business Park 

Bray Co. Wicklow Ireland. The kit was used with analyzer (model Kc4-Delta) made by 

Trinity Biotech GmbH, Germany. Controls were run for standardization of each set of 

analysis. Duplicate test were run if any doubt arose. 
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3.16.4 WBC COUNT 

Specimen preparation and analysis:  

Non-fasting venous blood samples were taken in specimen tubes containing 

EDTA. WBCs were counted using an automated cell counter (Sysmax analyzer KX21 

made by Sysmax Corporation Japan); and expressed in units of --x10
9
 /L. WBCs analysis 

were performed within 4-6 hours after blood collection. 

3.17  DATA COLLECTION 

Data for all parameters of study for each subject was noted on “pre-coded data 

collection forms” designed as i) screening form; ii) consent form; iii) study parameter 

form for demographic history, medical history, and oral /periodontal history; iv) 

periodontal treatment chart; v) serum analysis record form for inflammatory biomarkers; 

and vi) appointment card (in urdu) for follow-up visits (Annexure: VI).  

3.18 DATA MANAGEMENT 

Demographic and medical data was entered into a statistical software database 

(SPSS version 14) by the research assistant in duplicate files for risk of any error and loss 

as the subjects was recruited in trial. A personal file was prepared and all record was 

maintained for each subject. Periodontal treatment schedule was planned and maintained 

by the dentist.  Periodontal clinical parameters (BOP, PPD, CAL) were recorded on 

forms separate for each examination (1
st
, 2

nd
, and 3

rd
). The periodontal record was kept 

secret till 3
rd

 examination in order to control bias by the periodontal examiner. Analysis 

of periodontal parameters was done at the completion of study. Data of periodontal 

parameters was calculated for each tooth and then at subject level. Periodontal data was 

entered into the computer for further analysis. 

3.19 STATISTICAL ANALYSIS 

Based on the previous pilot investigation (Bokhari et al. 2009) , 159 patients in 

the intervention arm and 79 patients in nonintervention arm provided a 90% power to 

detect a difference of 2 mg/L in CRP levels, with value of alpha set at 0.05. Serum CRP 
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and fibrinogen were measured in mg/L and WBCs in counts x10
9
/L. BOP, PPD and CAL 

site measurements were calculated for whole mouth. Subjects were stratified for 

periodontal disease severity and also grouped according to CHD risk category based on 

CRP cut-off levels, which are < 1.00 mg/L (low risk), 1.00 -3.00 mg/L (average risk) and 

> 3.00 mg/L (high risk). (Pearson et al 2003)
 

Data was analyzed using SPSS software (version 14.0, SPSS, Chicago, IL) and 

presented as Mean±SD for continuous variables and proportion (%) for categorical 

variables. The Shapiro-Wilks test was used to determine the normality of the data 

distribution. All variables showed a normal distribution within the groups. Comparison of 

periodontal and inflammatory parameters in intervention and nonintervention groups at 

1
st
, 2

nd
 and 3

rd
 stages of examinations was performed using the independent t-test and 

paired t- test and repeated measure design for continuous data as test of significance. Linear 

regression analysis was applied to observe correlation between changes in periodontal 

and inflammatory parameters from baseline to 3
rd

 examination. The difference in number 

/ proportions of subjects with periodontal outcome measures (changes in BOP, probing 

depths and attachment loss) and inflammatory primary outcome (CRP) and the secondary 

outcome (fibrinogen and WBCs) variables between intervention and nonintervention 

groups were analyzed using a χ
2
 test at all examination stages. For every analysis level of 

significance was considered as 95% (p≤0.050). A per-protocol analysis was done, 

however an intent-to-treat (ITT) analysis was also carried out to observe the difference in 

number of subjects with high-risk CRP levels as the primary outcome measure.  

3.20 DIFFICULTIES 

The most difficult part of the study was the recall and follow-up of the subjects. In 

order to ensure the collection of information for any co-influencing factor/s and 

compliance of periodontal maintenance, all subjects were contacted by phone calls at 

least once a week during the follow-up period.  
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3.21 ETHICAL CONSIDERATIONS 

Ethical approval of the trial was obtained from the “committee on ethics” of the 

Punjab Institute of Cardiology, Lahore Pakistan in June 2008. (Annexure III)  The 

subjects of nonintervention group were also provided the same level of periodontal 

therapy as to the subjects of intervention group after the completion of the study.  

3.22 CARDIAC MEDICINES 

Cardiac medicines being used by the study subjects were the potential 

confounders for inflammatory mediators; therefore medicines were noted at baseline and 

controlled for during follow up period. Subjects of study were monitored for any change 

in cardiac medicines. At inclusion subjects did not show a statistical significant 

difference in prescription pattern of their drugs.  All cardiac patients of Punjab institute of 

cardiology have regular monthly visits for follow-up and to receive prescribed cardiac 

medicines free of cost from the hospital. Follow-up comments and medicines to be 

prescribed are recorded in personal medical books of patients. Any study subject found 

with a change (addition or stoppage) of medicine mentioned in exclusion criteria was 

excluded from further participation in the study. 



 

 

 

Chapter 4 

RESULTS  
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 The results of this trial are presented in sections 4.1, 4.2, 4.3, 4.4 and 4.5. Each 

section provides analysis of study parameters at 1st, 2nd and 3rd examination stages. 

Section 4.1 describes the process of screening, enrolment, follow-up, drop-out and 

completion for “Study Sample” at three examination stages. An analysis of 

demographic and medical parameters; periodontal and inflammatory parameters noted 

for the study subjects at baseline are presented in section 4.2. Section 4.3 provides data 

on comparison of study parameters at all stages of examination. Changes in 

periodontal and inflammatory parameters at 1st- to- 3rd examination stage along with 

mean difference of parameters between groups A and B is described in section 4.4. 

Section 4.5 provides calculations for assessment of relative risk / risk ratio (RR), 

absolute risk reduction (ARR), relative risk reduction (RRR), numbers needed to treat 

(NNT) and intention to treat (ITT) analysis.  

4.1 STUDY SAMPLE FLOW: BASELINE TO 3rd EXAMINATION 

Nineteen hundred and sixty three (1963) patients were screened at PIC during 

the study period from July 2008 to May 2009. Four hundred and thirty (430) patients 

fulfilling the general and medical inclusion criteria were invited for oral and 

periodontal evaluation. Sixty nine (69) patients did not fulfill the oral/periodontal 

inclusion criteria and 37 patients declined to participate when asked to sign the written 

consent.  Seven subjects were excused from recruitment as these outnumbered from 

the desired sample size. Three hundred and seventeen (317) angiographically defined 

CHD patients with periodontitis enrolled in this trial were randomly allocated into 

intervention (n=212) and nonintervention (n=105) groups. Two hundred and fifty two 

(79.8%) subjects completed the study with 166 (78.3%) subjects in the intervention 

group (A) and 87 (82.8%) in the nonintervention group (B). All subjects were 

reminded more than once at follow-up visits, however 64 (20.1%) failed to respond 

during follow-up and dropped out from study.  

First (1st) periodontal examination of all enrolled subjects (317) was done and 

blood samples were collected for serum analysis. Two hundred and twelve (212) 

patients of group A were provided periodontal treatment over a 10-day period.  
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Second (2nd) periodontal examination was done on 180 patients of group A at 

one month (±3days) after periodontal therapy and 94 patients of group B after 1st 

examination. Blood samples of both groups were collected for serum analysis. 

Third (3rd) periodontal examination and blood sampling of the study subjects 

was carried out at the second follow-up visit of one month (±3days) after the 2nd 

examination. One hundred and sixty six patients (n=166) of group A and eighty seven 

(n=87) patients of group B were examined at 3rd examination and blood samples were 

collected for serum analysis.  

Forty six (n=46) subjects from group A and eighteen (n=18) subjects from 

group B were lost to follow during the study time line. Eleven patients of group A did 

not complete periodontal treatment and refused to continue for logistic reasons. 

Twenty one patients in group A and eleven in group B were lost to study during the 

first month of follow-up. Among them twelve patients of group A and seven patients 

of group B failed to report because of personal reasons; six patients (group A) and two 

patients (group B) were excluded from further participation because they changed 

cardiac medicines; three patients from group A received anti-inflammatory drugs; and 

two patients from group B received percutaneous cardiac intervention (PCI). Fourteen 

patients from group A and seven patients from group B were lost to study during 

second follow-up because of i) cardiac interventions (PCI/CABG) (group A: n=6, 

group B: n=2); ii) systemic illness (group A: n=3, group B: n=1); iii) intake of 

antibiotics (group A: n=2, group B: n=2) and iv) family reasons (group A: n=3, group 

B: n=2).  Five patients from group A and 2 patients from group B were dropped from 

final analysis as a result of the unavailability of serum reports (serum was reported to 

have been corrupted during handling). The demographic and medical characteristics of 

non respondents were also analyzed and were found similar to those of respondents. 

Data of 161 subjects from group A and 85 subjects from group B was found complete 

for entry into computer for analysis. Study initiated in July 2008, was completed in 

May 2009. (Figure 4.1 Flow Diagram) 
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Figure 4.1: Study Flow Diagram 
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SUMMARY: 

Analysis of Study Parameters at Baseline 

 The demographic, medical, periodontal and inflammatory parameters of study 

were analyzed in intervention (A) and nonintervention (B) group at baseline. Analysis 

was also done in sub-groups. Sub-grouping was done on the basis of cut-off levels of 

study variables.  

 There was no statistical difference in distribution of study parameters in both 

groups (A & B) with respect to age, gender, education, income, work type, BMI and 

status of smoking.  Variables did not show any difference between both groups at 

subgroup levels. 

 Medical parameters of CHD event (1, 2, ≥3 vessels), that qualified the subjects 

for inclusion in the trial, hypertension, blood pressure, cardiac intervention (PCI, 

CABG), and the cardiac medicines were well matched in both groups. 

 Subjects of both groups showed no statistical difference in the extent and 

severity of periodontal parameters of BOP, PPD, and CAL.  Mean levels of 

inflammatory parameters of hsCRP, fibrinogen and WBCs in both groups were similar 

at baseline. Percentage of subjects with high hsCRP, fibrinogen and WBC levels were 

not different at baseline. 

 An equal distribution of baseline characteristics between two groups 

suggests that randomization was effective in this intervention trial. 

4.2   STUDY PARAMETERS AT BASELINE 

4.2.1  DEMOGRAPHIC PARAMETERS 

Demographic characteristics of age, sex, marital status, education, income, 

work type, smoking status were noted from hospital file and by self-report. Body mass 

index (BMI) was noted and calculated by measuring weight and height of patients at 

time of recording demographic information. Study subjects of both groups A and B 

were classified into subgroups for a close comparison of their characteristics. Data of 
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demographic variables is presented in tables 4.1-4.6 and figures 4.2-4.8. At baseline all 

demographic parameters were compared between Intervention group (Group A) and 

Nonintervention group (Group B). An intra-group (within A or B) comparison of 

parameters was also done to observe the statistical difference. 

4.2.1.1  Age 

Age range of the study subjects (n=246) was 32-79 years. Mean age of the 

study sample was 49.3±9.1years. Mean age of subjects in intervention group (A) was 

48.7±9.0 years and of those in nonintervention group (B) was 50.7±9.3 years. (Table: 

4.1) 

Subjects were sub-grouped into four age-groups of ≤39 years, 40-49 years, 50-

59 years, and ≥60 years to observe an age-wise distribution of CHD subjects in groups 

A and B. 12.40% subjects of group A and 14.1% of group B were in age-category of 

≤39 years; 43.5% of group A and 30.6% group B were in age-category of 40-49 years; 

29.2% of group A and 34.1% of group B were 50-59 years old; and 14.9% of group A 

and 21.2% of group B were ≥60 years old.  (Fig: 4.2)  Mean age of subjects of group A 

in age-groups of ≤39 years, 40-49 years, 50-59 years, ≥60 years were 35.5±2.4 years, 

44.2±2.9 years, 52.3±2.5 years, and 64.3±5.0 years respectively. Mean age of subjects 

of group B in age-groups respectively were 36.4±1.8 years, 45.4±3.1 years, 53.2±3.2 

years, and 63.9±4.5 years. (Table: 4.2) 

t-test was used to observe the difference in mean age between groups (A & B) 

that was found insignificant. [(t=1.891 and p=0.060) (table: 4.1)]. Chi-sq test was 

applied to observe statistical difference in number of subjects between groups A and B 

for the categories of age-groups and it was also insignificant [(χ2= 4.209, p=0.240)] 

(Fig: 4.2). Difference of mean age of groups A & B in age-categories was also 

insignificant (table: 4.2). 
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Table 4.1: Age (Mean±SD) and Gender [n (%)] Distribution of Study Subjects in Intervention 
and Non-intervention Groups 

 Intervention 
Group 

Non-intervention  
group 

Total p-values 

n (%) of Study 
Subjects 161 (65.4) 85(34.6) 246 (100) 

 

Age 
Mean ± SD  48.7±9.0 50.7±9.3 49.3±9.1 

*t=1.891 
p= 0.060 

Gender [n (%)] 
  Males 
  Females 

 
137(85.1) 
24(14.9) 

 
73(85.9) 
12(14.1) 

 
210 (85.4) 
36 (14.6) 

** 
χ2 =0.028 
p=0.868 

 *t-test for inter-group (A &B) comparisons of age (Mean±SD) of study subjects 
 **Chi-sq test for inter-group (A &B) comparisons of genders in groups A & B  

 
Fig 4.2: Distribution of Study Subjects (%) in Age-groups in Intervention and  

    Non-intervention groups 

 
             χ2 =4.209, p=0.240 for inter-group (A &B) comparisons 

 
Table 4.2: Mean Age (Mean ± SD) of the study subjects in four age-groups in the Intervention and  

Non-intervention groups 
Age- groups Intervention 

Group 
Non-intervention  

group 
p-values* 

≤39 years 
n=32 

35.5±2.4 
n=20 

36.4±1.8 
n=12 

t=1.460 
p=0.155 

40-49 years 
n=96 

44.2±2.9 
n=70 

45.4±3.1 
n=26 

t=1.850 
p=0.077 

50-59 years 
n=76 

52.3±2.5 
n=47 

53.2±3.2 
n=29 

t=1.518 
p=0.133 

≥60 years 
n=42 

64.3±5.0 
n=24 

63.9±4.5 
n=18 

t=0.269 
p=0.789 

         *t-test for inter-group (A &B) comparisons of age (Mean±SD) in each age-group 
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4.2.1.2 Gender 

It can be seen in table 4.1 that 85.4% (n= 210) were male patients and 14.6% 

(n= 36) were female patients among the study sample. Group A consisted of 85.1% 

males and 14.9% females and group B consisted of 85.9% males and 14.1% females 

(Figure 4.3). Table 4.3 provides a comparison of mean age of genders. Mean age of 

males in group A and group B was 48.8±9.2 years and 51.0±9.8 years respectively. 

Mean age of females in group A and group B respectively was 46.3±7.5 years and 

49.3±5.8 years. Table 4.4 gives a comparison of mean age of genders in different age-

groups. 

Chi-sq test was applied to observe statistical difference in gender distribution 

between groups A and B and this difference was statistically insignificant (χ2=0.028, 

p=0.868). Difference in mean age among genders was also noted insignificant [males: 

t=1.587, p=0.114; females: t=1.236, p=0.225] among genders. Difference in mean age 

between males and females within group A (t=1.288, p=0.200) and within group B 

(t=0.571, p=0.569) was also insignificant (Table: 4.3). Difference in mean age 

between genders in age-groups was also observed statistically insignificant (p≥0.068) 

Fig 4.3: Gender Distribution (%) in Intervention and Non-intervention groups 

 
χ2 = 0.028,  p=0.868 for inter-group (A and B) comparisons 
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Table 4.3: Age (Mean ±SD) of Genders in Intervention and Non-intervention groups 
Gender Intervention 

Group 
Non-intervention 

Group 
p-values* 

Male 
n=210 

48.8±9.2 
n=137 

51.0±9.8 
n=73 

t=1.587* 
p=0.114 

Female 
n=36 

46.3±7.5 
n=24 

49.3±5.8 
n=12 

t=1.236* 
p=0.225 

 t=1.288* 
p=0.200 

t=0.571* 
p=0.569 

 

*t-test for inter- and intra-group (A and B) comparison of age (Mean±SD) of males 
 and females 

Table 4.4: Age (Mean±SD) of Genders in Age-groups 
Age- groups Gender (n) Age (Mean ±SD) p-values* 

≤39 years 

n=32 

M (29) 

F (3) 

35.8±2.2 

37.0±2.0 
t=0.864 
p=0.394 

40-49 years 

n=96 

M (79) 

F (17) 

44.8±2.9 

43.3±2.7 
t=1.917 
p=0.068 

50-59 years 

n=76 

M (63) 

F (13) 

52.9±2.8 

51.4±2.3 
t=1.806 
p=0.075 

≥60 years 

n=42 

M (39) 

F (3) 

64.2±4.9 

62.7±2.5 
t=0.545 
p=0.589 

*t-test for comparisons of age (Mean±SD) of males and females in each age-group 

4.2.1.3 Martial status 

Six (2.4%) subjects were unmarried. Three (1.8%) subjects were in the group 

A and 3 (3.5%) in group B.  Statistical difference of married and unmarried subjects 

between the two groups was insignificant (χ2=0.618, p=0.432).  

4.2.1.4 Education 

It can be observed in figure 4.4 that 21.1% subjects in group A and 14.1% 

subjects in group B had no formal education. 67.7% and 69.4% subjects had 

secondary, whereas 11.2% and 16.5% subjects had university education respectively in 

groups A and B. There was no statistical difference between groups A and B for the 

educational levels (χ2=2.679, p=0.262). 
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Fig 4.4: Educational Status of Study Subjects (%) in Intervention and 
Non-intervention groups 

 
       χ2=2.679, p=0.262 for inter-group (A and B) comparisons 

 

4.2.1.5 Income 

Fig: 4.5 show distribution of income status among the groups. 86.3% subjects 

in group A and 87.0% in group B belonged to lower income group (Rs. <10,000.00); 

10.5% and 9.4% subjects of groups A and B respectively belonged to middle income 

group (Rs. 10-20,000.00); and 3.1% and 3.5% subjects respectively belonged to higher 

income group (Rs. >20,000.00).Statistical difference between groups A and B for 

income status was insignificant (χ2=0.107, p=0.948). 
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Fig 4.5: Income Status of Study Subjects (%) in Intervention and Nonintervention groups 

 
χ2=0.107, p=0.948 for inter-group (A and B) comparisons 

4.2.1.6  Work Type (Job) 

The study population was observed for the type of work the subjects were 

involved in. Figure 4.6 indicates that 51.5% subjects of group A and 54.1% subjects of 

group B were non-skilled. 26.7% of group A and 25.9% of group B belonged to 

skilled class; 21.7% of group A and 20% of group B were professionals respectively. 

Study subjects of groups A and B showed no difference (χ2= 6.879, p=0.142) for the 

status of work type.   

Fig 4.6: Work status of Study Subjects (%) in Intervention and Nonintervention groups 

 
χ2= 6.879 p=0.142 for inter-group (A and B) comparisons 
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4.2.1.7 Smoking Status  

Smoking status of study subjects can be seen in figure 4.7. 63% (n=155) of 

study subjects were non-smokers and 37% (n=91) were former smokers. 64.6% 

subjects of group A and 60% of group B were non-smokers. 35.4% of group A and 

40% of group B were former smokers. Among the former smokers, 29.8% subjects of 

group A and 47.1% subjects of group B had smoked ≤10 cigarettes/day; 47.4% 

subjects of group A and 23.5% subjects of group B had smoked 11-20 cigarettes/day 

and  28.8% subjects of group A and 29.4% subjects of group B had smoked >20 

cigarettes/day. 

Statistical difference between subjects of groups A and B for smoking status 

was insignificant (χ2= 0.504, p=0.478).  Statistical difference between group A and 

group B subjects for number of cigarettes /day was also insignificant (χ2= 6.794, 

p=0.089).  

Fig 4.7: Smoking Status of Subjects (%) in Intervention and Non-intervention groups 

 
    χ2= 0.504    p=0.478 Inter-group (A and B) comparisons of former smoker and 

nonsmoker 
    χ2= 6.794 p=0.089  (cigarettes/day in former smokers) 
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4.2.1.8 Body Mass Index (BMI) 

Study subjects were observed for the status of their body mass index (BMI). 

Mean BMI and distribution of subjects in different categories of BMI are given in 

tables 4.5-4.6 and figure 4.8.    

Twenty three percent subjects of group A and 22.3% of group B; 39.7% of 

group A and 41.2% of group B and 37.3% group A and 36.5% group B were 

respectively found in ≤desirable (<25 Kg/M2), overweight (25-30 Kg/M2) and obese 

(>30 Kg/M2) categories of BMI. (Fig: 4.8) Mean±SD of BMI in subjects with 

≤desirable BMI category was 22.7±1.5 in group A and 22.5±1.5 in group B; in BMI 

overweight category respective values were 27.3±1.6 and 27.6±1.8; and in obese BMI 

category, values were 33.6±4.0 and 32.8±3.7 in groups A and B. (table: 4.5) Male 

patients in group A and group B were found with BMI of 27.2±4.3 and 27.1±4.0 

respectively.  Females of groups A and B had mean BMI of 33.6±4.4 and 32.0±4.9 

respectively. (table:4.6) 

Statistical difference between groups A and B for the status of BMI was 

insignificant (χ2=0.493, p=0.781).  Difference of means of BMI in different categories 

of BMI between group A and group B subjects was also insignificant (table 4.5). 

However mean BMI was significantly different between males and females in both 

groups A and B. (A: t=5.457. p=0.001, B: t=3.808, p=0.001) and there was no 

difference in mean BMI among males and females of intervention (A) and 

nonintervention (B) groups. 
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Fig 4.8: Status of BMI in Study Subjects (%) in Intervention and Nonintervention groups 

 
χ2=0.493 p=0.781 for inter-group (A and B) comparisons 

 
 Table 4.5: Mean±SD of BMI in BMI categories in Intervention and Nonintervention Groups 

BMI Categories Intervention  
Group 
n=161 

Non-intervention   
Group 
n=85 

 
 

≤Desirable 
<25 kg/M2 

n= 87 

22.7±1.5 
n=58 

22.5±1.5 
n=29 

t=0.396* 
p=0.753 

Overweight 
25-30 kg/M2 

n= 82 

27.3±1.6 
n=47 

27.6±1.8 
n=35 

t=0.532* 
p=0.595 

Obese 
>30 kg/M2 

n= 77 

33.6±4.0 
n=46 

32.8±3.7 
n=31 

t=0.519* 
p=0.606 

      *t-test for inter-group (A & B) comparisons 

Table 4.6: Gender Wise Status of BMI (Mean±SD) in Intervention and Nonintervention groups 
 

BMI 
(kg/M2) 

Intervention 
Group 

Non-intervention 
Group 

 
 

Males 
n=210 

27.2±4.3 
n=137 

27.0±4.0 
n=73 

t=0.251* 
p=0.802 

Females 
n=36 

33.6±4.4 
n=24 

32.0±4.9 
n=12 

t=0.576* 
p=0.569 

 t=5.457* 
p=0.001 

t=3.808* 
p=0.001 

 

  *t-test for inter-group (A & B) and intra-group comparisons 
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4.2.2  MEDICAL PARAMETERS  

Medical parameters such as hypertension, blood pressure, CHD condition 

(number of the coronary vessels with angiographically documented stenosis of >50%), 

cardiac procedures (Percutaneous Coronary Intervention, and Coronary Artery Bypass 

Grafting), cardiac medicines in use of the subjects and date of angiography were 

recorded from the subjects’ hospital records. 

4.2.2.1Distribution of Subjects (%) with Extent of CHD (Number of 
 CoronaryVessels with stenosis) in Intervention and Nonintervention 
 groups 

Fig: 4.9 provides proportion of subjects in both groups with status of coronary 

vessels showing stenosis of >50%. Among groups A & B, 25.5% and 30.6% patients 

had stenosis in 1 vessel, 44.1% and 44.7% patients in 2 vessels, and 30.4% and 24.7% 

in ≥3 vessels. Statistically there was no difference between patients of groups A and B 

for extent of CHD. (χ2=1.18, p=0.554)  

Figure 4.9: Distribution of Study Subjects (%) with Extent of CHD 
 

 
χ2=1.182,  p=0.554 for inter-group comparisons 

4.2.2.2 Distribution of Subjects (%) with Cardiac procedures (PCI, CABG) in 
Intervention and Nonintervention groups 

Study subjects were observed for status of cardiac procedures such as 

percutaneous coronary intervention (PCI) (n=119) or coronary artery bypass grafting 



Chapter-4    Results 
 

98 
 

(CABG) (n=51) or medicines (n=76). It was found that in group A, 53.4% subjects had 

PCI, 19.9% had CABG and 26.7% were on medicines only. 38.8% subjects of group B 

were shown having undergone PCI, 22.4% had CABG and 38.8% were on medicines. 

Chi-sq test was applied as test of significance. Statistically there was no difference 

(χ2=5.257, p=0.072) between patients of groups A and B for cardiac procedures. (Fig: 

4.10) 

4.2.2.3 Distribution of Hypertensive and Non-hypertensive Subjects in groups in 
  Intervention and Nonintervention groups  

Study subjects were observed for their status of hypertension. 57.1% patients 

of group A and 41.2% patients of group B were observed with hypertension. 42.9% 

subjects of group A and 58.8% patients of group B were non-hypertensive. Chi-sq test 

showed an insignificant difference (Chi-sq=1.313, p=0.252) of hypertensive and non-

hypertensive patients between groups A and B. (Fig: 4.11) 

Figure 4.10: Status of Study Subjects (%) with / without Cardiac Procedures 

 
 χ2=5.257, p=0.072 for inter-group comparisons 
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Figure 4.11: Status of Hypertensive and Non-hypertensive subjects (%) in 

 Intervention and Non-intervention groups 

 
χ2=1.313, p=0.252 for inter-group comparisons 

4.2.2.4 Status of Systolic and Diastolic Blood Pressure in Study Subjects 

Blood Pressure noted at pre-treatment stage was analyzed and is presented in 

table 4.7. Mean systolic blood pressure (SBP) in hypertensive patients in group A was 

126.1±10.0 mmHg and in hypertensive patients of group B was 129.9±10.3 mmHg. 

Mean systolic blood pressure in non-hypertensive patients in group A was 

119.5±9.1mmHg and in non-hypertensive patients in group B was 118.9±9.3 mmHg.  

Mean diastolic blood pressure (DBP) in hypertensive patients in group A was 85.8±6.8 

mmHg and patients of group B had 85.9±7.7 mmHg.  Mean diastolic blood pressure in 

non-hypertensive group A patients was 81.7±6.9 mmHg and in group B patients was 

82.4±6.8 mmHg. t-test was applied to observe difference of SBP and DBP between 

groups. Blood pressures were statistically insignificant between subjects of group A 

and group B. 
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  Table 4.7: Status of Systolic and Diastolic Blood Pressures in Study Subjects 

     *t-test for inter-groups comparison 

4.2.2.5 Distribution of Study Subjects with respects to use of Cardiac Medicines 
in Groups A & B 

 The cardiac medicines being used by the patients were recorded at baseline and 

data obtained is presented in table 4.8. 98.1% subjects among group A and 96.5% 

among group B were taking antiplatelets; 74.5% patients of group A and 80% patients 

of group B were on β-blockers; 28.1%  patients of group A and 25.9% patients of 

group B were using angiotensin receptor blockers (ARBs) or angiotensin converting 

enzyme inhibitors (ACEs); 46% patients of group A and 45.9% patients of group B 

were using calcium channel antagonists; 77.6% patients of group A and 74.1% 

patients of group B were using lipid lowering agents; 8.7% patients of group A and 

3.6% patients of group B were on diuretics; 34.8% patients of group A and 29.4% 

patients of group B were on nitrates. 

Subjects of study were monitored for change in cardiac medicines at baseline 

and during follow up period.  All cardiac patients of Punjab institute of cardiology have 

regular monthly visits for follow-up and to receive prescribed cardiac medicines free of 

charge from the hospital. Follow-up comments and medicines to be prescribed are 

recorded in personal medical books of patients.  

At inclusion subjects did not show a statistical significant difference in 

prescription pattern of their drugs. Any study subject found with any change from 

baseline in prescribed medicines was excluded from further participation in the study. 

Blood 
Pressures 
mmHg 

Hypertensive / 
Non-
hypertensive 
subjects 

Intervention 
Group 

Non-
intervention 
Group 

 

Systolic 
Blood 
pressure 
 

Hypertensive 
Mean ± SD 

126.1±10.0 
n=92 

129.9±10.3 
n=35 

t=0.118* 
p=0.086 

Non- Hypertensive 
Mean ± SD 

119.5±9.1 
n=69 

118.9±9.3 
n=50 

t=0.348* 
p=0.728 

Diastolic  
Blood 
pressure  

 
Hypertensive 
Mean ± SD 

85.8±6.8 
n=92 

85.9±7.7 
n=35 

t= 0.120* 
p=0.976 

Non-Hypertensive 
Mean ± SD 

81.7±6.9 
n=69 

82.4±6.8 
n=50 

t=0.578* 
p=0.566 
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Eighteen subjects were excluded from the study for this reason at 2nd and 3rd 

examinations. Chi-sq test was applied as test of significance. Statistical difference 

between group A and group B for all medicines was insignificant (p≥0.164). (Table: 

4.8) 
Table 4.8:  Study Subjects (%) using different Cardiac Medicines 

Medicines  Intervention 
Group 
n=161 
%(n) 

Nonintervention 
Group 
n=85 
%(n) 

Chi-sq 
test 
P-value 

Anti-Platelets 
(n=240) 

98.1 (158) 96.5(82) 0.419 

β -Blockers 
(n=190) 74.5 (120) 80.0 (70) 0.164 

Angiotensin Converting Enzyme 
inhibitors(ACE) 
Or 
Angiotensin Receptor Blockers 
 (ARBs) 
(n=67) 

28.1 (45) 25.9 (22) 0.729 

Calcium channel antagonists 
(n=113) 46 (74) 45.9 (39) 0.990 

Lipid lowering agents 
(n=188) 77.6 (125) 74.1  (63) 0.479 

Diuretics 
(n=23) 

8.7 (14) 3.6 (9) 0.628 

Nitrates 
(n=81) 

34.8 (56) 29.4 (25) 0.394 

4.2.2.6 Distribution of Subjects (%) with respect to Date of Angiography 

Twenty six and one percent subjects of group A and 29.4% of group B had 

angiography in year 2008; 38.5% subjects of group A and 34.1% subjects of group B 

in year 2007; 15.5% subjects of group A and 15.3% subjects of group B in year 2006; 

19.9% of group A and 21.2% of group B) in year 2005. (Table: 4.9) 

Table 4.9: Year-wise Distribution of Subjects (%) with Respect to Angiography 
Year of 
angiography 

Intervention 
Group  
n (%) 

Non-intervention 
Group 
n (%) 

Total 
(n=246)  
n(%) 

2008 26.1 (n=42)  29.4 (n=25)  27.2 (n=67) 
2007 38.5 (n=62) 34.1 (n=29) 36.9 (n=91) 
2006 15.5 (n=25) 15.3 (n=13) 15.4 (n=38) 
2005 19.9 (n=32) 21.2 (n=18) 20.3 (n=50) 
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4.2.3  ORAL /PERIODONTAL PARAMETERS 

In this trial, oral and periodontal clinical parameters of  i) number of teeth 

present; ii) bleeding on probing (BOP); iii) periodontal probing depth (PPD) and iv) 

clinical attachment loss (CAL) were noted for evaluation of oral health status of the 

study sample. Carious lesions were also noted at baseline and restorative treatment 

provided as required. 

4.2.3.1 Number of Teeth Present  

All teeth present in each study subject were recorded excluding the third 

molars. Minimum number of teeth was 14 and maximum 28.  Mean±SD number of 

teeth present in subjects of group A was 25.3±3.2 teeth and in subjects of group B, 

mean±SD was 24.7±3.3 teeth. t-test was applied to observe statistical difference in 

mean number of teeth present between groups that was insignificant (t=1.413, 

p=0.159). (Table: 4.10) 

Table 4.10: Number of Teeth Present in Study subjects 

 Intervention  
Group 

Non-Intervention 
Group 

 

Number of  
Present Teeth 

Mean ±SD 
25.3±3.2 24.7±3.3 

t=1.413* 
p=0.159 

    * t-test  

4.2.3.2  Carious Lesions 

Subjects found with carious lesion were provided treatment at baseline. 47 subjects of 

both groups A and B were provided with permanent restorations and 5 subjects were 

provided endodontic therapy. 

4.2.3.3 Clinical Periodontal Parameters 

Clinical periodontal parameters of i) bleeding on probing (BOP), ii) 

periodontal probing depth (PPD), and iii) clinical attachment loss (CAL) were 

recorded for all teeth present, excluding the 3rd molars.  Total numbers of teeth 

examined in both groups were 6,168; 4,071 teeth in subjects of intervention group and 
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2,097 teeth in subjects of nonintervention group. Each tooth was probed at six (6) sites 

i.e, mesial & distal proximals, midbuccal and midlingual/midpalatal. Periodontal 

parameters (BOP, PPD and CAL) were examined at 24,282 sites in patients of 

intervention group and 12,582 sites in patients of nonintervention group.   

4.2.3.3.1 Bleeding on Probing (BOP) 

Bleeding on probing (BOP) was recorded at all stages of examination. Number 

of sites observed with bleeding were multiplied by 100 and divided by the total 

number of sites for that subject. At baseline Mean±SD values of % sites of BOP were 

42.7±14.4% in subjects of intervention group and for patients of nonintervention 

group, values were 39.3±15.1. (Table: 4.11) As per inclusion criteria of this trial, 

subjects were defined with gingival inflammation at cut-off point of >20% sites with 

BOP. The number of subjects in groups A & B with >20% BOP sites were 100% at 

baseline. BOP severity was analyzed at levels of >50% and 21-50%. Mean±SD BOP 

in subjects with >50% BOP sites was 63.3±10.1% and in subjects with BOP 21-50%, 

mean BOP was 35.9±7.4% in group A; while respective values for group B subjects 

were 61.6±7.1% and 32.1±7.3%. (Table: 4.12) Percentage of study subjects with BOP 

sites >50% and 21-50% in the group A was 24.8% and 75.2% respectively. In group 

B, the subjects with BOP sites >50% and 21-50% were 14.1% and 85.9% respectively. 

(Table: 4.13) 

  t-test was applied to observe difference of mean in BOP status for inter-group 

comparisons and it was insignificant (t=1.755, p=0.080) at 1st examination. (Tables: 

4.11) Statistically there was no difference (p=0.592) between groups A and B for 

severity of BOP status (>50% or 21-50%). (Table: 4.12) Chi-sq test was used for inter-

group comparisons for % of subjects with BOP >50% and 21-50% at 1st examination. 

Difference in % of subjects was insignificant p=0.051 (χ2=3.840) at baseline. (Table: 

4.13) 

4.2.3.3.2 Periodontal Probing Depth (PPD) 

Periodontal probing depths (PPD) were recorded at 2 stages of examination; at 

baseline and at 3rd examination. Probing depths were analyzed at levels of 4 mm, 5 
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mm, and ≥6 mms. Probing depths were also categorized into pockets with ≥4 mm and 

<4 mm depths for analysis at baseline and 2-month follow-up. Subjects with PPD ≥4 

mm were categorized into having pockets >30% or ≤30% at both stages of 

examination.  

Mean±SD PPD in patients of group A was 3.6±1.2 mm and in group B 

patients, value was 3.4±1.0 mm. Mean±SD values of 4 mm probing sites (n) were 

28.3±9.7 mm; 5mm pocket probing sites (n) mean was 19.5±9.7 mm; and probing sites 

(n) with ≥6mm pockets, the mean was 17.7±15.7 mm in subjects of intervention arm. 

The mean±SD values for ‘n’ probing sites in subjects of nonintervention arm for 4mm 

pockets were 25.9±11.3 mm; for 5mm pockets values were 18.7±11.0 mm; and for 

≥6mm pockets, mean was 14.9±13.2 mm. (Table: 4.11) The mean±SD of ‘n’ sites of 

PPD ≥4mm was 65.6±25.2 mm and 59.4±27.6 mm in subjects of intervention and 

nonintervention groups respectively. Respective values for ‘n’ sites of PPD of ≥5mm, 

and PPD of ≥6mm in group A were 38.5±22.9 mm and 17.7±15.8 mm; the values in 

group B were 34.1±18.5 mm and 13.9±13.1 mm. (Table: 4.12) Subjects with >30% of 

≥4mm probing depths were 76.4% (n=123) in group A and 70.6% (n=60) subjects 

were found with >30% of ≥4mm probing depths in group B, (Table: 4.13) 

t-test was used to observe difference of mean in PPD status for inter-group 

comparisons at 1st examination. t-test showed a insignificant (t=1.479, p=0.141) 

difference in mean PPD between groups A and B (Table: 4.11). t-test gave an 

insignificant difference in mean values for ‘n’ sites of PPD 4 mm (t=1.709, p=0.089), 

5 mm (t=1.302; p=0.194) and ≥6 mm  (t=1.896, p=0.069) between A & B groups. 

(Table: 4.11) Inter-group differences in mean values for number of sites of probing 

depths of ≥4 mm (p=0.080), ≥5 mm (p=0.063), ≥6mm (p=0.059) were found 

insignificant. (Table: 4.12)  Chi-sq test showed an insignificant difference (χ2=0.985, 

p=0.321) in % of subjects with PPD≥4 mm at >30% sites at 1st examination. (Table: 

4.13) 
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4.2.3.3.3 Clinical Attachment Loss (CAL) 

Clinical attachment loss (CAL) was recorded at 2 stages of examination; at 

baseline and at 3rd examination. Mean of CAL of 3 mm, 4 mm, and 5 mm were 

calculated and analyzed at both stages of examination. CAL was categorized into CAL 

of ≥3 mm and CAL of <3 mm for analysis at baseline and 2-month  

follow-up. Mean CAL values for patients in intervention group (A) were 3.4±1.4 mm 

and for patients in nonintervention group (B) were 3.3±1.4 mm. Mean values of 

number of sites of 3 mm, 4 mm, and ≥5 mm CAL in subjects of group A were 

24.0±11.0, 20.0±8.9, and 43.8±30.8. CAL values (‘n’ sites) in subjects of group B 

were 23.4±9.5, 20.4±13.7, and 43.7±29.2. (table: 4.11) The mean±SD number of sites 

of CAL ≥3 mm was 87.9±30.3 and 87.6±32.4 in subjects of intervention and 

nonintervention groups respectively. Respective values for CAL of ≥4 mm, and CAL 

of ≥5 mm in group A were 63.9±32.4 mm and 43.8±30.8 mm; the values in group B 

were 64.2±33.1mm and 43.7±29.2 mm. (Table: 4.12) Subjects with CAL of ≥3 mm at 

>30% sites in group A were 90% and in group B subjects with the same CAL level 

were 89.4%. (Table: 4.13)  

t-test showed a insignificant (t=0.396, p=0.692) difference in mean CAL 

between groups A and B (table: 4.11). There was a insignificant difference in mean 

values of CAL of 3 mm (t=0.387, p=0.699), 4 mm (t=0.282; p=0.779) and ≥5 mm 

(t=0.026, p=0.980) between A & B groups. (table: 4.11) There was no difference 

between groups A and B with CAL number of sites calculated at levels of ≥3 mm 

(p=0.954), ≥4 mm (p=0.945), and ≥5 mm (p=0.980). (table: 4.12) The inter-group 

differences for >30% sites of CAL of ≥3mm were also insignificant (χ2=0.063; 

p=0.739). (table: 4.12)  Difference in % of subjects between groups A and B was not 

significant with >30% sites of CAL of ≥3 mm  (χ2=0.026, p=0.872) at 1st examination. 

(table: 4.13)  

 

 

 



Chapter-4    Results 
 

106 
 

Table 4.11: Baseline Periodontal Parameters (Mean±SD) in Study Subjects of   
Intervention and   Non-intervention groups 

Periodontal 
Parameters 
(Mean±SD) 

Intervention 
Group 
n=161 

Non-intervention 
Group 
n=85 

 

% sites of Bleeding 
on Probing (BOP) 

42.7±14.4 39.3±15.1 t=1.755* 
p=0.080 

Periodontal probing 
depth (PPD) mm 

3.6±1.2 3.4±1.0 t=1.479* 
p=0.141 

PPD 4mm 
Number of sites 

28.3±9.7 25.9±11.3 t=1.709* 
p=0.089 

PPD 5mm 
Number of sites 

19.5±9.7 18.7±11.0 t=1.302* 
p=0.194 

PPD ≥6mm 
Number of sites 

17.7±15.7 14.9±13.2 t=1.896* 
p=0.069 

Clinical Attachment 
Loss (CAL) mm 

3.4±1.4 3.3±1.4 t=0.396* 
p=0.692 

CAL 3mm 
Number of sites 

24.0±11.0 23.4±9.5 t=0.387* 
p=0.699 

CAL 4mm 
Number of sites 

20.0±8.9 20.4±13.7 t=0.282* 
p=0.779 

CAL ≥5mm 
Number of sites 

43.8±30.8 43.7±29.2 t=0.026* 
p=0.980 

     * t-test for inter-group comparison 

Table 4.12: Extent & Severity Levels of Periodontal Parameters in Intervention 
and  Non-intervention groups 

 
Extent & Severity Levels 
of  Periodontal 
Parameters 

Intervention 
Group 
n=161 

Non-intervention 
Group 
n=85 

 

BOP (Mean±SD) 
>50%  
>20 - ≤50% 

 
63.3±10.2 
35.9±7.4 

 
61.6±7.1 
32.1±7.3 

**P=0.592 

(Mean±SD)  
PPD sites ≥4mm (‘n’ sites) 
PPD sites ≥5mm(‘n’ sites) 
PPD sites ≥6mm(‘n’ sites) 

 
65.6±25.2 
38.5±22.9 
17.7±15.8 

 
59.4±27.6 
34.1±18.5 
13.9±13.1 

 
*p=0.080 
*p=0.063 
*p=0.059 

(Mean±SD 
CAL sites ≥3mm(‘n’ sites) 
CAL sites ≥4mm(‘n’ sites) 
CAL sites ≥5mm(‘n’ sites) 

 
87.9±30.3 
63.9±32.4 
43.8±30.8 

 
87.6±32.4 
64.2±33.1 
43.7±29.2 

 
*p=0.954 
*p=0.945 
*P=0.980 

*t-test for inter-group comparisons 
**Chi-sq test for inter-group comparisons 
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Table 4.13: Status of Study Subjects [% (n)] with different Extent & Severity Levels of 
periodontal parameters 

 
Subjects % (n) with 
Extent and Severity 
Levels of Periodontal 
Parameters 

Intervention 
Group 
n=161 

Non-intervention 
Group 
n=85 

 

Subjects with BOP Sites  
>50%  
>20 - ≤50%  

 
24.8 (40) 
75.1(121) 

 
14.1 (12) 
85.9 (73) 

 
*χ2 =3.840 

p=0.051 
Subjects (%) with  
PPD ≥4mm Sites>30% 76.4% (123) 70.6% (60) 

*χ2 =0.985 
p=0.321 

Subjects  (%) with  
CAL ≥3mm Sites>30% 90% (145) 89.4% (76) *χ2 =0.026 

p=0.872 
*Chi-sq test for inter-group comparison 

4.2.4  INFLAMMATORY MEDIATORS 

 Serum levels of biochemical markers of systemic inflammation; C-reactive 

protein (CRP), fibrinogen (FIB), and white blood cells (WBCs) were analyzed for all 

patients in intervention group (A) and non-intervention group (B) at all stages of 

examination. In this section of results, status of inflammatory parameters at baseline is 

presented in tables 4.14-4.15. CRP and Fibrinogen levels were recorded in mg/L and 

WBCs in counts (---X109/L). 

4.2.4.1. hsC-Reactive Protein 

The serum CRP levels at baseline are presented in tables 4.14 and 4.15. Mean 

values of CRP in patients of intervention group (A) were 4.7±3.7 mg/L. Mean values 

of CRP in patients of nonintervention group (B) were 4.0±3.2 mg/L. Study subjects 

were divided into CRP categories for CHD-risk (high-risk, moderate-risk, low-risk) as 

defined by American Heart Association and World Heart Federation (Pearson et al. 

2003). Subjects with high-risk category (>3mg/L) of CRP were 61.5% (n=99) in group 

A and 45.8% (n=39) in group B. Subjects (%) of group A found in moderate-risk 

category of CRP (1-3mg/L) were 36% (n=58) and in group B, subjects were 47% 

(n=40).  Subjects with low-risk CRP category (<1mg/L) in group A were 2.5% (n=4) 

and in group B were 7% (6). 
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t-test was used for inter-group (A & B) comparison of mean values of CRP at 

1st examination; test showed a insignificant (t=1.503, p=0.134) difference between 

groups for levels of CRP. Chi-sq test showed a insignificant (χ2=7.14, p=0.067) 

difference in % of subjects with CRP risk categories of  high, moderate, and low 

between groups A and B at 1st examination. 

4.2.4.2 Fibrinogen 

Serum levels of fibrinogen in groups A and B are presented in tables 4.14 and 

4.15. Mean serum levels of fibrinogen in patients of intervention group were 

388.0±152.7 mg/L and in nonintervention patients were 357.1±97.4 mg/L at baseline. 

Subjects were categorized into two groups with cut-off level of fibrinogen at >/≤300 

mg/L. (Danesh et al. 1998) Subjects (%) of group A in >300 mg/L category were 72% 

(n=116) and in ≤300 mg/L category were 28% (n=45). Respective percentage of 

subjects in group B were 69.4% (n=59) in >300mg/L category and 30.6% (n=26) in 

≤300 mg/L category.  

t-test was used for intergroup (A & B) comparison of mean values of 

fibrinogen. Difference of means between groups at 1st examination was insignificant 

(t=1.690, p=0.092) (table: 4.14). Chi-sq test showed an insignificant (χ2=0.189, 

p=0.664) difference in number (%) of subjects with fibrinogen levels of >/≤300mg/L 

between groups A and B.  

4.2.3.3 White Blood Cells 

Subjects in intervention and nonintervention groups were observed for serum 

counts of WBCs with Mean±SD values of 8.0±1.9 X109/L and 7.9±1.9 X109/L 

respectively. Median values were 7.8 X109/L in group A, and 7.7 X109/L in group B.  

Study subjects were divided into two groups with threshold WBC counts of 

>/≤7.0±1.8X109/L for CHD patient (Danish 1998). % (n) of subjects with higher WBC 

counts (>7.0±1.8X109/L) in group A were 70.8% (n=114) and 65.9% (n=56) subjects 

were in group B; 29.2% (n=47) of group A and 34.1% (n=29) of group B were in 

lower (≤7.0±1.8X109/L) category of WBC.  
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t-test was used for intergroup (A & B) comparison of mean values of WBCs. 

There was an insignificant difference (t=0.201, p=0.841) between groups in mean 

counts of WBC. Chi-sq test showed no difference (χ2=0.632, p=0.427) in number of 

subjects with WBC counts of >/ ≤7.0±1.8X109/L between groups A and B. 

Table 4.14: Serum levels (Mean±SD) of CRP, fibrinogen and WBCs in Intervention 
and Non-intervention Groups 

Inflammatory  
Mediators 
Mean±SD 

Intervention 
Group 
n=161 

Non-intervention 
Group 
n=85 

 

hsCRP (mg/L) 4.7±3.7 4.0±3.2 t=1.503* 
p=0.134 

Fibrinogen (mg/L) 388.0±152.7 357.1±97.4 
t=1.690* 
p=0.092 

 

WBCs (x109/L) 8.0±1.9 7.9±1.9 t=0.201* 
p=0.841 

          *t-test for inter-group comparisons 

 
Table 4.15: Status of Study Subjects [% (n)] with Different Categories of  

Inflammatory Parameters 
 

% (n) 
of  Subjects with  

Intervention 
Group 
n=161 

Non-intervention 
Group 
n=85 

 

CRP levels of  >3 mg/L 
(High-Risk Category) 61.5(99) 45.8 (39) 

χ2=7.14* 
p=0.067 

CRP levels of 1-3 mg/L 
(Moderate-Risk Category) 

36 (58) 47 (40) 

CRP levels of <1mg/L 
(Low-Risk Category) 

2.5 (4) 7 (6) 

Fibrinogen levels of 
  >300 mg/L 72 (116) 69.4 (59) 

χ2=0.189* 
p=0.664 

Fibrinogen levels of 
≤300 mg/L 28 (45) 30.6 (26) 

WBC counts of 
 >7.0±1.8  x109/L 

70.8 (114) 65.9 (56) χ2=0.632* 
p=0.427 

WBC counts of 
  ≤7.0±1.8  x109/L 

29.2 (47) 34.1(29) 

 *Chi-Sq test for inter-group comparisons 
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RESULTS 
 4.3: Comparison of Study Parameters  

1st, 2nd, and 3rd Examination Stages 
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SUMMARY 

Analysis of Study Parameters at 1st, 2nd, and 3rd Examination Stages 

Mean values of periodontal and inflammatory parameters of study were 

compared in intervention (A) and nonintervention (B) group at 1st, 2nd, and 3rd 

Examination Stages.  Proportion of subjects were compared in both study groups on 

the basis of cut-off levels of study variables  

 Periodontal parameters were compared for their extent and severity in groups A 

& B. Mean values of BOP and PPD showed a change at all stages of examination; 

however there was no change in mean of CAL. In intervention group, the change in 

BOP% mean was by 38% from 1st to 2nd examination; 23% from 2nd to 3rd 

examination. In nonintervention group; the change in BOP% mean was 9% from 1st to 

2nd examination; 2% from 2nd to 3rd examination. Change in mean PPD was 

0.6±0.5mm in intervention group; whereas change in mean PPD was 0.1±0.0mm in 

nonintervention group from 1st to 3rd examination. Change in mean CAL was 0.1±-

1.1mm in intervention group; whereas change in mean CAL was 0.0±0.0mm in 

nonintervention group from 1st to 3rd examination. Change in PPD≥4mm was 47% in 

intervention group; whereas the change was 4% in nonintervention group from 1st to 

3rd examination. Change in CAL≥3mm was 26% in intervention group; whereas the 

change was 3% in nonintervention group from 1st to 3rd examination.  

 Serum levels of hsCRP, fibrinogen and WBCs showed a change from 1st to 2nd 

and 2nd to 3rd examination stages. Mean CRP, fibrinogen, and WBC levels were 

changed by 23%, 19.5%, and 10% from 1st to 2nd examination stages in intervention 

group. Respective change in CRP, fibrinogen, and WBC mean levels was 2.5%, 6% 

and 3.7% in nonintervention group. Mean CRP, fibrinogen, and WBC levels were 

changed by 27%, 4.5%, and 11% from 2nd to 3rd examination stages in intervention 

group. Respective change in CRP, fibrinogen, and WBC mean levels was 5%, -5.6% 

and 0% in nonintervention group.  Percentages of subjects with high-risk levels of 

CRP (>3mg/L)(E1=61.5%; E2= 42.2%; E3=27.3%), fibrinogen (>300mg/L)(E1=72%; 

E2=44.1%; E3=48.4%) and WBC (>7.00x107/L)(E1=70.8%; E2= 52.8%; E3=34.8) 
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changed from 1st to 2nd and 2nd to 3rd stages of examination in intervention group; 

however there was no significant change in nonintervention group.  

4.3  COMPARISON OF STUDY PARAMETERS AT 1st, 2nd AND 
3rd EXAMINATIONS 

In this section of results, a comparison of periodontal parameters of BOP, PPD 

and CAL at 1st, 2nd and 3rd examinations are presented in figures 4.11 to 4.20. Aa 

comparison of the results regarding status of inflammatory mediators of CRP, 

fibrinogen and WBCs at 1st, 2nd and 3rd examinations is shown in figures 4.21-4.27. 

4.3.1  BLEEDING ON PROBING (BOP) 

Comparison of BOP% sites at three stages of examination are presented in the 

trend line graph. (Fig: 4.12) Mean±SD values of BOP were 42.7±14.4% at baseline, 

26.2±11.4% at 2nd examination, and 20.1±9.8% at 3rd examination in patients of group 

A. Values for group B patients were 39.2±15.1% at baseline, 35.6±13.9% at 2nd 

examination, and 34.6±12.7% at 3rd examination respectively.  

 

 

Figure: 4.12. Inter-and Intra-group comparison of bleeding on probing sites (BOP %) in groups A and 
B. E1, E2, E3 denote BOP% sites at 1st, 2nd, and 3rd stages of examination. ‘Ф’ (P≤0.05) stands for intra-
group comparisons and ‘*’ (P≤0.05) for inter-group comparison at all examination stages.  
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Repeated measure design was applied to observe the within subjects effect in 

time (examination), and a between subject effect in groups for a change in variable 

(BOP). Within-exam (1st – 3rd) difference in subjects of both groups was noted as 

significant (p<0.001). BOP ‘within-group’ difference in subjects was significant 

(p=0.007). Interaction between groups and examination stages was also significant 

(p<0.001). Pair-wise (Bonfferoni) test for both groups showed that E1 vs E2 and E3 

(p<0.001) and E2 vs E3 (p=0.001) were significant.  Independent t-test showed that 

the inter-group difference of BOP% was insignificant (p=0.592) at baseline, 

significant (p<0.001) at 2nd and 3rd stages of examination. (Fig: 4.11)  

With cut-off levels of >50%, 21-50% and ≤20% BOP% sites; Percentage (n) of 

subjects in groups A and B with >50% BOP% sites were 24.8% (n=40) and 14.1% 

(n=12) and subjects with >20-50% BOP% sites were 75.1% (n=121) and 85.9% 

(n=73) at base line. Percentage (n) of subjects with >50% BOP% sites in groups A and 

B at 2nd examination were 2.4% (n=4) and 14.1% (n=12) and subjects with >20-50% 

BOP% sites were 62.1% (n=100) and 69.4% (n=59). Percentage (n) of subjects in 

≤20% BOP% category were 35.4% (n=57) and 16.4% (n=14) in groups A and B 

respectively at 2nd examination. Percentage (n) of subjects in >50%, 21-50% and 

≤20% BOP% categories in group A were 1.2% (2), 37.8% (61), and 60.8% (98) and in 

group B were 7% (6), 83.5% (71), 9.4% (8) at 3rd examination. (Fig: 4.13) 

Chi-sq test was used for inter-group differences in percentage (n) of subjects 

with BOP% sites at cut-off levels of >50%, 21-50% and ≤20% at 1st, 2nd and 3rd 

examination stages. Difference in percentage of subjects with cut-off levels of >50%, 

21-50% and ≤20% was significant at 1st (p=0.041), at 2nd (p<0.001) and 3rd 

examination stages (p<0.001). (Fig: 4.13) 
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Figure: 4.13 Status of subjects (%) with bleeding on probing site (BOP %) 
 categories  (>50%, 21-50% and ≤20%) at 1st, 2nd, and 3rd stages of examination.  

4.3.2 PERIODONTAL PROBING DEPTH (PPD) 

Periodontal probing depths (PPD) were recorded at 2 stages of examination; at 

baseline and at 3rd examination. Means number of sites with PPD 4 mm, 5 mm, and ≥6 

mm were analyzed at both stages of examination. Periodontal pockets were 

categorized into PPD ≥4 mm and PPD ≥5 mm for analysis at baseline and 2-month 

follow-up. Subjects with PPD ≥4 mm were categorized into having pockets at > / ≤ 

30% sites at 1st and 3rd examination stages.  

Mean PPD values of patients in intervention (A) group were 3.6±1.2 mm at 

baseline and 3.0±0.7 mm at 3rd examination, and values in nonintervention (B) patients 

were 3.4±1.0 mm at baseline, and 3.3±1.0 mm at 3rd examination. Trend line graph 

shows the status of means of PPD at 1st (E1) and 3rd (E3) examination stages. (Fig: 

4.14) 
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Figure: 4.14. Inter-and Intra-group comparison of periodontal probing depths (PPD) (Mean±SD mm) in 
groups A (intervention) and B (nonintervention). E1, E3 denote 1st and 3rd examination stages. t-test and 
paired t-test was used for inter- and intra-group comparison of mean of PPD at 1st and 3rd examination 
stages.  

Mean values for n(SD) of sites with 4 mm; 5 mm; and 6 mm pockets in group 

A at 1st and 3rd examination stages were 28.3(9.7) and 17.9(10.1); 19.5 (9.7) and 

10.6(8.9); and 17.7(15.7) and 7.9 (13.2) respectively.  In subjects of group B mean ‘n’ 

sites of 4 mm pockets was 25.9(11.3) and 25.2(13.0); mean ‘n’ sites of 5mm pockets 

was 17.7(9.0) and 16.2(10.9); and mean ‘n’ sites of  ≥6 mm pockets was 13.9(14.0)  

and 13.2(13.2). (Fig: 4.15) 

Mean±SD of n (SD) of sites with PPD ≥4 mm was 65.6(16.5) at 1st 

examination and 34.5(16.3) at 3rd examination in intervention group. The values in 

nonintervention group were 59.4 (20.1) and 54.6 (20.5) at 1st and 3rd examinations 

respectively. Mean±SD of n (SD) of sites with PPD ≥5 mm was 38.5(15.1) at 1st 

examination and 24.5(12.4) at 3rd examination in intervention group. The same values 

in nonintervention group were 34.1(13.7) and 29.4(14.3) at 1st and 3rd examinations 

respectively. (Fig: 4.16) 
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Figure: 4.15 Comparison of mean PPD (4mm, 5mm, 6mm) in intervention (A) and nonintervention 
(B) groups. Chi-sq test was used for inter-group comparisons of probing depths at 1st 
and 3rd examination stages. 

 

Percentage of subjects with PPD ≥4 mm were categorized into having pockets 

> / ≤ 30% sites at 1st and 3rd examination stages. Percentage of subjects of group A 

with pockets of ≥4mm in categories of >30% sites and ≤ 30% sites were 76.4% and 

23.6% at 1st examination, and 45.5%, and 54.5% at 3rd examination. Subjects of group 

B were found in these categories with percentages of 70.6% and 29.4% at 1st 

examination and 61% and 39% at 3rd examination. (Fig: 4.17) 
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Figure: 4.16: Comparison of ‘n’ sites with PPD ≥4mm and ≥5mm in intervention (A) and 
nonintervention (B) groups. Chi-sq test was used for inter-group comparisons of probing 
depths at 1st and 3rd examination stages 

 
 

 
 
Figure: 4.17 Comparison of subjects (%) with PPD ≥4mm > / ≤ 30% in intervention (A) and  
nonintervention (B) groups at 1st and 3rd examination stages. Chi-sq test was used for inter-
group comparisons which was significant at baseline (p=0.019) and 3rd examination (p=0.002) 
stages. 
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t-test was used to observe difference of means in PPD status for inter-group 

comparisons and it was insignificant at 1st examination (p=0.141), and significant at 

3rd examination (p=0.018). Paired t-test was used for intra-group comparisons of PPD 

at 1st and 3rd examination stages. Mean PPD was significant (Φ=p<0.001) in group A 

and non-significant (p=0.280) in group B. (Fig: 4.14) 

t-test was used to analyze difference in mean sites (n) of PPD of 4mm, 5mm 

and ≥6mm for inter-group comparisons and it was insignificant (p=0.089) for 4mm 

pockets at 1st examination, and significant (p=0.031) at 3rd examination. Inter-group 

difference for 5mm pockets was insignificant (p=0.194) at 1st examination, and 

significant (p=0.041) at 3rd examination. Inter-group difference for ≥6mm pockets was 

insignificant at 1st examination (p=0.059) and 3rd examination (p=0.213). (Fig: 4.15) 

Paired t-test used for intra-group comparisons of ‘n’ sites of PPD of 4mm, 

5mm and ≥6mm in intervention and nonintervention groups at 1st and 3rd examination 

stages showed that difference in means of 4mm, 5mm and ≥6mm pockets at 1st and 3rd 

examination stages was significant (p<0.001) in intervention group and non-significant 

(p=0.342), (p=0.295), and (p=0.061) for 4mm, 5mm, and ≥6mm respectively in 

nonintervention group. (Fig: 4.15)   

Inter-group difference in Mean±SD of ‘n’ of sites with PPD ≥4mm was 

insignificant (p=0.136) at 1st examination and significant (p<0.001) at 3rd examination. 

Intra-group difference in ‘n’ sites of PPD ≥4mm was significant (p<0.001) in group A 

and as well in group B (p=0.013). (Fig: 4.16) Inter-group difference in Mean±SD of 

‘n’ sites with PPD ≥5mm was insignificant (p=0.209) at 1st examination and 

significant (p<0.001) at 3rd examination. Intra-group difference in ‘n’ sites of PPD 

≥5mm was significant (p<0.001) in group A; however insignificant (p=0.334) in group 

B at baseline and 3rd examination stages. (Fig: 4.16) 

Chi-sq test was used for intergroup comparisons of subjects with PPD ≥4m at > 

/ ≤ 30% sites at 1st and 3rd examination stages. Difference in number of subjects was 

significant (p=0.019) at baseline and 3rd examination (p=0.002). (Fig: 4.17) 
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4.3.3  CLINICAL ATTACHMENT LOSS (CAL) 

Clinical attachment loss (CAL) was recorded and compared between groups A 

& B at 1st examination (E1) and at 3rd (E3) examination. Mean values of CAL of 3 

mm, 4 mm, and 5 mm were calculated for analysis at 1st examination and 3rd 

examination stages. Clinical attachment loss was also categorized into CAL of ≥3 mm 

and CAL of ≥4 mm for analysis at baseline and 2-month follow-up.  

Mean CAL values for patients of intervention group were 3.4±1.4 mm at 

baseline and 3.3±2.5 mm at 3rd examination, and for nonintervention patients’ values 

were 3.3±1.4 mm at baseline, and 3.3±1.4 mm at 3rd   examination. Trend line graph 

shows the status of mean of CAL at baseline and 3rd examination stages. (Fig: 4.18) 

 
Figure: 4.18. Inter- and Intra-group comparison of clinical attachment loss (CAL) (Mean±SD mm) in 
groups A (intervention) and B (nonintervention) at 2 stages of examinations. E1, E3 denote 1st and 3rd 
examination stages for CAL. 

Mean values for n(SD) sites of 3 mm, 4 mm, and 5 mm CAL in group A 

subjects at baseline were 23.8(11.0), 20.0(8.9), and 43.8(30.8) and at 3rd examination 

were 23.8(11.1), 17.4(9.2), and 37.8(30.9) respectively. Values for subjects of group B 

were 23.4(9.5), 20.4(13.7), and 43.7(29.2) at baseline and values at 3rd examination 

were 22.6(9.3), 20.2(13.7), and 42.6(29.3). (Fig: 4.19) 
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Figure: 4.19 Comparison of mean CAL (3mm, 4mm, 5mm) in intervention (A) and nonintervention (B) 
groups.  CAL of 3mm, 4mm and 5mm showed a significant (p≤0.001) intra-group difference for group 
A and insignificant difference (p>0.05) for group B at 1st to 3rd stages of examination.  

Mean±SD of n (SD) of sites with CAL≥3 mm was 87.9(21.4) at 1st 

examination and 80.3(23.3) at 3rd examination in group A. The values in group B were 

87.6(22.4) and 85.2(22.9) at 1st and 3rd examinations respectively. Mean±SD of “n 

(SD)” of sites with CAL≥4 mm was 63.9(23.4) at baseline examination and 36.7(22.2) 

at 3rd examination in group A. The values in group B were 64.2(24.7) and 63.9(24.8) 

at baseline and 3rd examinations respectively. (Fig: 4.20) 

 
Figure: 4.20 Comparison of mean ‘n’ sites of CAL ≥3 mm and ≥4 mm in intervention (A) and 
nonintervention (B) groups. Chi-sq test was used for inter-group comparisons of CAL at baseline and 
3rd examination stages. 
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Percentages of subjects with CAL of ≥3 mm at >30% sites in group A were 

90% at baseline, and 80.7% at 3rd examination. Subjects of group B had a percentage 

of 89.4% at baseline and 84.7% at end of 2nd follow-up. Percentages of subjects with 

CAL of ≥3mm at ≤ 30% sites at baseline in group A were 10%; at 2nd follow-up were 

19.3%. Subjects of group B were 10.6% at baseline and 15.3% at end of 2nd follow-up. 

(Fig: 4.21) 

Difference in mean of CAL for inter-group comparisons was analyzed by 

applying t-test and it was insignificant at 1st examination (p=0.696), and 3rd 

examination (p=0.938). Paired t-test for intra-group comparison showed an 

insignificant difference in mean CAL in group A (p=0.527) and in group B (p=0.741) 

at baseline and 3rd examination stages. (Fig: 4.18) t-test analysis showed an 

insignificant difference in mean ‘n’ sites of CAL 3mm (p=0.699), 4mm (p=0.779) and 

≥5mm (p=0.980) for inter-group comparisons at 1st examination and in CAL of 3mm 

(p=0.301) and ≥5mm (p=0.213) at 3rd examination stages however a significant 

difference was found for mean ‘n’ sites of 4mm CAL (p=0.045) at 3rd examination. 

 
Figure: 4.21 Comparison of study subjects (%) with CAL ≥3mm ≥/<30% in intervention (A) and 
nonintervention (B) groups at 1st and 3rd examination stages. Chi-sq test was used for inter-group 
comparisons which was not significant at 1st (p=0.872) and 3rd (p=0.441) examination stages. 

Paired t-test was used for intra-group comparisons of CAL within group A and 

B group at 1st and 3rd examination stages. Intra-group comparisons of mean ‘n’ sites of 
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CAL 3mm in group A at 1st and 3rd examination stages was insignificant (p=0.816) 

and significant for 4mm and ≥5mm (p=0.001). Insignificant differences were observed 

in group B for intra-group comparisons of 3mm (p=0.213), 4mm (p=0.801) and ≥5mm 

(p=0.405) mean CAL ‘n’ sites. (Fig: 4.19) Inter-group difference in Mean±SD of ‘n’ 

of sites CAL ≥3mm was insignificant (p=0.873) at 1st examination and (p=0.228) at 3rd 

examination. Intra-group difference in ‘n’ of sites of CAL≥3mm was significant 

(p<0.001) in group A; statistical difference in group B was also significant (p=0.028) at 

1st examination and 3rd examination stages. Inter-group difference in Mean±SD ‘n’ of 

sites with CAL ≥4mm was insignificant at 1st examination (p=0.935) and at 3rd 

examination (p=0.101). Intra-group difference in mean ‘n’ of sites of CAL ≥4mm was 

insignificant (p=0.074) in group A and group B (p=0.392) at 1st examination and 3rd 

examination stages. (Fig: 4.20) Chi-sq test showed intergroup comparisons of subjects 

(%) with CAL ≥3m at >/ ≤ 30% sites at 1st and 3rd examination stages. Difference in 

number of subjects was non-significant at 1st (p=0.872) and 3rd examination (p=0.441) 

stages. (Fig: 4.21) 

4.3.4 hsC-REACTIVE PROTEIN 

Mean values of CRP in patients of group A were 4.7±3.7 mg/L at baseline, 

3.6±3.5 mg/L at 2nd examination, and 2.6±2.8 mg/L at 3rd examination. Mean values of 

CRP in group B were 4.0±3.7 mg/L at baseline, 3.9±3.4 mg/L at 2nd examination, and 

3.7±3.3 mg/L at 3rd examination. (Figure: 4.22) 

Repeated measure design was applied to observe the within subjects effect in 

time (examination), and a between subject effect in groups for a change in variable 

(CRP). Within-exam (1st – 3rd) difference in subjects of both groups was noted as 

significant (p=0.000). Difference in subjects within-group was significant (p=0.006). 

Interaction between groups and examination stages was also significant (p=0.000). 

Pair-wise (Bonfferoni) test for both groups remained significant for E1 vs E2 and E3 

(p=0.001) and E2 vs E3 (p=0.038).  Independent t-test showed that the inter-group 

difference of CRP mean levels was insignificant (p=0.119) at baseline and significant 

at 2nd (p<0.050) and 3rd (p<0.001) stages of examination. (Figure: 4.22) 
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Figure: 4.22. Inter-and Intra-group comparisons of serum levels of CRP at three stages of examination. 
E1, E2, and E3 denote 1st, 2nd and 3rd examination stages. Values presented are in Mean±SD mg/L. ‘Ф’ 
(P≤0.05) stands for intra-group comparisons and ‘*’ (P≤0.05) for inter-group comparison. 

Distribution of study subjects (%) was observed in CRP categories of high-risk 

(>3mg/L), moderate-risk (1-3 mg/L) and low-risk (<1 mg/L) at three stages of 

examination. There were 61.5% (n=99) subjects of group A and 45.8% (n=39) of 

group B in high-risk category, 36% (n=58) of group A and 47% (n=40) of group B in 

moderate-risk category, and 2.4% (n=4) of group A and 7% (n=6) of group B in low-

risk category at baseline.  At 2nd examination, 42.2% (n=68) subjects of group A and 

48.2% (n=41) subjects of group B were observed in high-risk category; 44% (n=71) 

subjects of group A and 41.1% (n=34) of group B in moderate-risk category; and 

13.6% (n=22) subjects of group A and 10.6% (n=9) of group B in low-risk category. 

At 3rd examination, 29.8% (n=47) subjects of group A and 49.4% (n=42) of group B 

were found in high-risk category; 48.4% (n=78) of group A and 41.1% (n=35) of 

group B in moderate-risk category; and 24.2% (n=39) subjects of group A and 9.4% 

(n=8) of group B in low-risk category. (Figure: 4.23) 

Chi-sq test showed an insignificant difference in number of subjects with CRP 

categories of high-risk, moderate-risk, and low-risk between intervention and 

nonintervention groups at 1st (p=0.067) and 2nd examination (p=0.699) stages; 

however there was a significant difference at 3rd examination (p=0.005). (Figure: 4.23)  



Chapter-4    Results 
 

124 
 

 
 
Figure: 4.23 Status of subjects with CRP categories (>3 mg/L, 1-3 mg/L and <1 mg/L) at 1st, 2nd, and 3rd 
stages of examination. Chi-sq test was applied to observe difference in subjects (%) between groups at 
three stages of examination. 

4.3.5.  FIBRINOGEN 

Mean values of fibrinogen in patients of intervention group were 388.0±152.7 

mg/L at baseline, 312.7±128.4 mg/L at 2nd examination, and 298.2±117.1 mg/L at 3rd 

examination. Mean values of fibrinogen in patients of nonintervention group were 

357.1±97.5 mg/L at baseline, 335.7±96.4 mg/L at 2nd examination, and 354.5±119.3 

mg/L at 3rd examination. (Figure: 4.24) 

Repeated measure design was applied to observe the within subjects effect in 

time (examination), and a between subject effect in groups for a change in variable 

(fibrinogen). Within-exam (1st – 3rd) difference in subjects of both groups was noted as 

significant (p=0.000). Difference in subjects within-group was insignificant (p=0.558). 

Interaction between groups and examination stages was significant (p<0.001). Pair-

wise (Bonfferoni) test for both groups was significant for E1 vs E2 (p=0.000) and E1 

vs E3 (p=0.002) and E2 vs E3 (p=0.536). Independent t-test showed that the inter-

group difference of mean fibrinogen levels was insignificant (p=0.09) at baseline and 

2nd (p0.50) and significant (p<0.001) at 3rd examination. (Figure: 4.24) 
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Figure: 4.24. Inter-and Intra-group comparisons of serum levels of fibrinogen (FIB) at three stages E1 
(1st) E2 (2nd), E3 (3rd) of examination. ‘Ф’ (P≤0.05) stands for intra-group comparisons and ‘*’ (P≤0.05) 
for inter-group comparison. 

Percentage of subjects in intervention group found with fibrinogen cut-off level 

of >300 mg/L were 72% (n=116) at baseline, 44.1% (n=71) at 2nd examination, and 

48.4% (n=78) at 3rd examination. Subjects with ≤300 mg/L fibrinogen level were 28% 

(n=45) at 1st examination, 55.9% (n=90) at 2nd examination and 51.6% (n=83) at 3rd 

examination. Percentage of subjects in nonintervention group were found with 

fibrinogen levels of >300 mg/L were 69.4% (n=59) at baseline, 54.1% (n=46) at 2nd 

examination, and 62.4% (n=53) at 3rd examination. Subjects with ≤300 mg/L 

fibrinogen level were 30.6% (n=26) at 1st examination, 45.9% (n=39) at 2nd 

examination and 37.6% (n=32) at 3rd examination. (Figure: 4.25) 

Chi-sq test showed a significant difference in proportion of subjects with 

fibrinogen levels of >/≤300 mg/L between intervention and nonintervention groups at 

3rd examination stage (p=0.038). However there was no statistical difference at 1st and 

2nd examination stages (p=0.664 and p=0.135). (Figure: 4.25) 
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Figure: 4.25. Percentage of subjects with fibrinogen categories (>300 mg/L and <300 mg/L) at 1st, 2nd, 
and 3rd stages of examination. Chi-sq test was applied to observe difference in status of subjects 
between groups at three stages of examination. 

4.3.6  WHITE BLOOD CELLS 

Subjects of intervention and nonintervention groups were observed with 

Mean±SD values of 8.0±1.9 X109/L and 7.9±1.9X109/L respectively at the 1st 

examination. Values at 2nd examination for subjects in groups A & B were 7.2±1.4 

X109/L, and 7.6±1.7 X109/L. WBC counts were 6.4±1.4 X109/L and 7.6±1.7 X109/L 

respectively in groups A and B at 3rd examination. (Figure: 4.26) 

Repeated measure design was applied to observe the within subjects effect in 

time (examination), and a between subject effect in groups for a change in variable 

(WBCs). Within-exam (1st – 3rd) difference in subjects of both groups was noted as 

significant (p=0.000). Difference in subjects within-group was significant (p=0.002). 

Interaction between groups and examination stages was significant (p=0.002). Pair-

wise (Bonfferoni) test for both groups was significant for E1 vs E2 and E3 (p=0.000) 

and insignificant for E2 vs E3 (p=0.088). Independent t-test showed that the inter-

group difference of mean WBC counts was insignificant (p=0.537) at baseline and 2nd 

(p0.069) and significant (p<0.001) at 3rd examination. (Figure: 4.26) 



Chapter-4    Results 
 

127 
 

 
 

Figure: 4.26 Inter-and Intra-group comparisons of serum levels of white blood cells (WBCs) at three 
stages of examination. E1, E2, E3 denote 1st, 2nd and at 3rd examination stages. ‘Ф’ (P≤0.05) stands for 
intra-group comparisons and ‘*’ (P≤0.05) for inter-group comparison. 

Distribution of subjects of both groups A and B were observed with WBC 

threshold count of 7.0±1.8 X109/L as baseline value for CHD patients (Danish et al. 

1998). 70.8% (n=114) subjects of intervention group were observed with higher WBC 

counts than this threshold value at 1st examination; 52.8% (n=85) at 2nd examination 

and 34.8% (n=56) at 3rd examination. 65.9% (n=56) subjects of nonintervention group 

with WBC counts higher than this baseline threshold level (>7.0±1.8 X109/L) were 

observed at 1st examination; 61.2% (n=52) at 2nd examination and 63.5% (n=54) at 3rd 

examination. Percentage of subjects in intervention group with WBC counts lower 

than this threshold level (7.0±1.8 X109/L) were 29.2% (n=47) at baseline; 47.2% 

(n=76) at 2nd examination; and 65.2% (n=105) at 3rd examination. Percentage of 

subjects in nonintervention group with WBC counts lower than this threshold level 

(7.0±1.8 X109/L) were 34.1% (n=29) at baseline; 38.8% (n=33) at 2nd examination, and 

36.5% (n=31) at 3rd examination. (Figure: 4.27) 

Chi-sq test showed a significant (p<0.001) difference in number of subjects 

with WBC counts of >/ ≤7.0±1.8 X109/L between intervention and nonintervention 

groups at 3rd examination stage. However there was no difference at 1st (p=0.427) and 

2nd examination (p=0.208). (Figure: 4.27) 
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Figure: 4.27 Percentage of subjects with WBC categories (>7.0 x109/L and ≤7.0 x109/L) at 1st, 2nd, and 
3rd stages of examination. Chi-sq test was applied to observe difference in status of subjects between 
groups at three stages of examination. 
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SUMMARY: 

Analysis of Change in Study Parameters: 1st to 3rd Examination Stage 

 Differences of change in mean values of periodontal and inflammatory 

parameters from 1st to 3rd examination were calculated. It was observed that difference 

of change in parameters of BOP, PPD, CRP, fibrinogen and WBC was significant 

(p≤0.050) except for mean CAL; difference in CAL 3mm and 4mm, and difference in 

mean of fibrinogen ≤300mg/L levels and difference in mean WBC ≤7.00x109/L counts 

were also insignificant. 

 Subjects of both groups were defined with BOP >20%, PPD≥4mm>30% sites, 

and CRP >3mg/L levels at baseline and a change in number of subjects was noted 

significantly (p<0.001) between intervention group (n=78 to n=41) and 

nonintervention group (n=28 to n=3) at 3rd examination. 

 Linear Regression analysis showed that change in CRP was significantly 

(p<0.001) correlated with BOP (R2=0.2679), PPD (R2=0.1819), CAL (R2=0.0219). 

Change in fibrinogen showed significant (p<0.050) correlation with BOP ((R2=0.0176) 

and change in WBC also correlated significantly (p=0.003) with BOP (R2=0.0341). 

 Effect-size of periodontal treatment was estimated as per-protocol analysis and it 

was observed that periodontal treatment may reduce the CRP high-risk levels for CHD 

by 45% in CHD patients. Absolute risk reduction in treated patients was 18%. One 

patient out of five CHD patients may benefit from periodontal treatment. Intent-to-

treat analysis also showed absolute risk reduction of 13.8%.  
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4.4  CHANGES (MEAN±SD) IN STATUS OF PERIODONTAL 
PARAMETERS AND INFLAMMATORY MEDIATORS: 1st 
TO 3rd EXAMINATION  

 
 This section of results present analysis regarding changes in status of 

periodontal parameters of BOP, PPD and CAL and inflammatory mediators of CRP, 

fibrinogen and WBCs at baseline to 3rd examination stages. The results are presented 

in tables 4.16-4.17 and figures 4.28-4.30.  

4.4.1  CHANGE (MEAN±SD) IN STATUS OF PERIODONTAL 
PARAMETERS IN INTERVENTION AND NONINTERVENTION 
GROUPS: 1st TO 3rd EXAMINATION 

The change in each clinical periodontal parameter was calculated in Mean±SD 

at baseline to 3rd examination stages. The difference in change of these parameters 

between intervention and nonintervention groups was also calculated and is presented 

in table 4.16. In intervention group the mean change in BOP was 22.5±4.8%, PPD was 

0.6±0.5 mm, CAL was 0.1±1.1 mm. In nonintervention group the corresponding 

values for periodontal measures were 4.9±2.3%, 0.1±0.0 mm, and 0.0±0.0 mm.  

Mean change in ‘n’ sites of ≥4 mm pockets in intervention group was 31.1±0.2 

and in nonintervention group were 4.0±0.4. Mean change in ‘n’ of 4 mm pockets were 

10.9±0.8 in intervention group and 0.7±1.3 in nonintervention group. Mean change in 

‘n’ of 5 mm pockets were 8.9±0.8 and 1.5±1.9 respectively in intervention and 

nonintervention groups. Mean change in ‘n’ 6 mm pockets were 9.8±5.5 in 

intervention group and 0.7±0.8 in intervention group. Mean change in ‘n’ of ≥3 mm 

CAL in intervention group was 7.6±2.1 mm and in nonintervention group was 2.4±0.5 

mm. Mean change in 3 mm CAL was 0.0±0.1 in intervention group and 0.8±0.2 in 

nonintervention group. Mean change in ‘n’ of 4 mm CAL was 2.6±0.3 and 1.9±0.1 

respectively in intervention and nonintervention groups. Mean change in ‘n’ of 5 mm 

CAL were 6.0±0.1 in intervention group and 1.1±0.1 in nonintervention group. t-test 

was used to observe mean changes in periodontal disease measured through BOP, 

PPD, and CAL between intervention and nonintervention groups. There was a 

significant (p<0.001) change in levels of BOP, PPD however change in CAL status 
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was insignificant except for CAL ≥3mm percent sites (p=0.009) and percent sites of 

CAL of 5mm (p=0.033). (Table 4.16)  

Table 4.16: Change (Mean±SD) in Periodontal Parameters between Intervention  
 and Nonintervention groups at 3rd examination 

 
Periodontal 
parameters 
Mean±SD 

Intervention 
 group 

Nonintervention 
Group 

*t-test  
 
 

Change in BOP sites 
(%) 

22.5±4.8 4.9±2.3 p<0.001 

Change in Probing 
depths (mm) 

0.6±0.5 0.1±0.0 p<0.001 

Change in CAL (mm) 0.1±1.1 0.0±0.0 p=0.071 

Change in ‘n’ sites 
with PPD ≥4mm 

31.1±0.2 4.0±0.4 p<0.001 

Change in ‘n’ sites 
with PPD 4mm 

10.9±-0.8 0.7±-1.3 p<0.001 

Change in ‘n’ sites 
with PPD 5mm 

8.9±0.8 1.5±-1.9 p<0.001 

Change in ‘n’ sites 
with PPD 6mm 

9.8±5.5 .7±0.8 p<0.001 

Change in ‘n’sites 
with CAL ≥3mm 

7.6±2.1 2.4±0.5 p=0.009 

Change in ‘n’sites 
with CAL 3mm 

0.0±0.1 0.8±0.2 p=0.568 

Change in ‘n’ sites 
with CAL 4mm 

2.6±0.3 1.9±0.1 p=0.078 

Change in ‘n’ sites 
with CAL 5mm 

6.0±0.1 1.1±0.1 p=0.033 

 

4.4.2  CHANGE (MEAN±SD) IN STATUS OF INFLAMMATORY 
MEDIATORS IN INTERVENTION AND NONINTERVENTION 
GROUPS: 1st TO 3rd EXAMINATION 

Mean changes in serum levels of CRP, fibrinogen and WBCs in intervention 

group were 2.1±2.9 mg/L, 89.8±35.6 mg/L, and 1.6±0.5 x109/L at 3rd examination. 

Corresponding values in nonintervention group were 0.3±0.4 mg/L, 2.6±21.8 mg/L 

and 0.4±1.8 x109/L. Mean change in subjects with CRP >3 mg/L and ≤3 mg/L was 

2.3±3.0 mg/L and 0.6±1.3 mg/L in intervention group; corresponding change in 

nonintervention group was 0.2±2.6 mg/L and 0.0±1.1 mg/L. Subjects with fibrinogen 

cut-off values of >300 mg/L and ≤300 mg/L had mean levels of 127.7±148.1 mg/L and -

11.1±138.2 mg/L in intervention group and 8.7±112.6 mg/L and -57.4±101.4 mg/L in 
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nonintervention group. Subjects with WBCs cut- off levels of >7 x109/L and ≤7 x109/L 

were 2.0±1.6 x109/L and 0.2±1.5 x109/L in intervention group and 0.6±1.6 x109/L and 

-0.3±1.2 x109/L in nonintervention group. (table: 4.17)  

A significant (p<0.001) change for difference in levels of CRP, fibrinogen and 

WBC counts but insignificant for fibrinogen level of ≤300 mg/L (p=0.140) and WBC 

counts of ≤7 x109/L 7 (p=0.193) was noted in this trial. (table:4.17)  

Table 4.17:  Change (Mean±SD) in Inflammatory Parameters between Intervention and 
Nonintervention Groups at 3rd examination 

Inflammatory 
Mediators 
Mean±SD 

Intervention 
 group 

Nonintervention  
group 

 
*t-test  

 
 

Change in CRP 
 (mg/L) 

2.1±2.9 0.3±0.4 p<0.001 

Change  in Fibrinogen  
(mg/L) 

89.8±35.6 2.6±-21.8 p<0.001 

Change  in WBCs  
( x109/L) 

1.6±0.5 0.4±1.8 p<0.001 

Change in CRP  in  
Subjects  with CRP 
>3mg/L 

2.3±3.0 0.2±2.6 p<0.001 

Change  in CRP  in  
subjects with CRP 
≤3mg/L 

0.6±1.3 0.0±1.1 p<0.005 

Change  in Fibrinogen in 
subjects  with Fib 
>300mg/L 

127.7±148.2 8.7±112.6 p<0.001 

Change  in Fibrinogen  in  
subjects with FIB 
≤300mg/L 

-11.1±138.2 -57.5±101.4 p=0.140 

Change  in WBCs in  
subjects  with 
WBCs>7.00x109/L 

2.0±1.6 0.6±1.6 p<0.001 

Change  in WBCs  in  
Subjects with 
WBCs≤7.00 x109/L 

0.2±1.5 -0.3±1.2 p=0.193 
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4.4.3 Change (Mean±SD) in Status of Subjects (%) with BOP>20%,  
PPD≥4mm>30% and CAL≥3mm>30% in Intervention and 
Nonintervention Groups: 1st to 3rd Examination 

At baseline, percentages of subjects with BOP% sites >20%, PPD ≥4mm at 

>30% sites, and CAL≥3mm at >30% sites were 100%, 76.4%, and 90% in intervention 

group; corresponding percentages of subjects in nonintervention group were 100%, 

70.6%, and 89.4%. At 3rd examination, percentages of subjects with BOP% sites 

>20%, PPD ≥4mm at >30% sites, and CAL≥3mm at >30% sites were 39.1%, 45.5%, 

and 80.7% in intervention group; corresponding percentages of subjects in 

nonintervention group were 90.6%, 61%, and 84.7%. Inter-group (A & B) differences 

analyzed by Chi-Sq test at 1st and 3rd examination stages were statistically significant 

in proportion of subjects with BOP (p=0.001) and PPD (p=0.023) levels, however 

insignificant for CAL levels (p=0.414).   (Fig: 4.28) 

 

 
 

Figure:4.28. Change in % of Subjects with BOP>20%, PPD≥4mm>30% and 
CAL≥3mm >30% from 1st to 3rd examination 
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4.4.4 CHANGE (MEAN±SD) IN STATUS OF SUBJECTS (%) WITH 
CRP>3MG/L FIBRINOGEN >300 MG/L AND WBCS >7X109/L IN 
INTERVENTION AND NONINTERVENTION GROUPS: 1ST TO 3rd 
EXAMINATION 

At baseline, percentages of subjects with CRP>3 mg/L, fibrinogen >300 mg/L, 

and WBCs >7 x109/L were 61.5%, 72%, and 70.8% in intervention group; 

corresponding percentages of subjects in nonintervention group were 45.8%, 69.4%, 

and 65.8%. At 3rd examination, percentages of subjects with CRP>3mg/L, fibrinogen 

>300mg/L, and WBCs >7 x109/L were 29.8%, 48.4%, and 34.8% in intervention 

group; corresponding percentages of subjects in nonintervention group were 49.4%, 

62.4%, and 63.5%. Inter-group (A & B) differences analyzed by Chi-Sq test at 1st and 

3rd examination stages were statistically significant in proportion of subjects with CRP 

levels (>3 mg/L) (p=0.019) and WBCs counts (>7 x109/L) (p=0.011), however 

insignificant for fibrinogen levels (>300 mg/L) (p=0.255). (Figure: 4.29) 

 
 

Figure: 4.29. Change in % of Subjects with CRP>3mg/L, fibrinogen >300mg/L and WBCs 
x109/L from 1st to 3rd examination 
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4.4.5  CHANGE IN STATUS OF SUBJECTS (N) WITH BOP>20%, 
PPD≥4MM>30% SITES AND SERUM LEVELS OF CRP >3MG/L: 1st 
TO 3rd EXAMINATION 

Figure 4.30 shows the change in number of subjects with BOP >20% sites, PPD 

≥4mm at >30% sites and CRP status with cutoff level of >3 mg/L at pre- and post-

treatment stages.  Subjects with BOP>20% sites, PPD ≥4mm at >30% sites and CRP 

level of >3mg/L were 106 in both groups A & B at baseline. There were 78 subjects in 

group A and 28 in group B. At 3rd examination, subjects with above periodontal 

criteria who remained in high-risk CRP category (>3mg/L) were 37 in group A and 25 

in group B. More than 50% of the subjects in group A, and only about 10% subjects of 

group B ended up with CRP reductions to a level below that defined as “high-risk”. 

Chi-sq was applied to observe the difference in number of subjects, between groups A and B, 

who changed CRP-risk category from high to moderate/low after periodontal treatment and it 

was statistically significant. (χ2= 18.352, p p<0.001) 

 
 

Figure: 4.30. A comparison of Change in number of Subjects with BOP >20%, PPD ≥ 4mm 
at >30% sites and serum levels of CRP >3mg/L from baseline to 3rd examination  



Chapter-4    Results 
 

137 
 

4.4.6  CHANGES IN PERIODONTAL PARAMETERS AND 
CORRESPONDING CHANGES IN INFLAMMATORY MEDIATORS 
IN INTERVENTION AND NONINTERVENTION GROUPS 

For changes in periodontal parameters (BOP, PPD, CAL) and inflammatory 

parameters (CRP, Fibrinogen, WBCs) regression lines were fitted and R2 was 

calculated as shown in table 4.18. Figures 4.31-39 present correlations of periodontal 

and inflammatory parameters from baseline to 3rd examination in both A & B groups.  

Linear regression showed a highly significant relation between changes in BOP 

vs CRP (p<0.001) and PPD vs CRP (p<0.001). Correlations between changes in BOP 

vs FIB (p=0.030), BOP vs WBC (p=0.003), and CAL vs CRP (p=0.020) were also 

observed significant. (table: 4.18) 

 
 
 

 
Table: 4.18. Analysis of Changes in CRP, Fibrinogen and WBCs with respect to  BOP, 

PPD and CAL 
Parameters R2 P value 
BOP vs CRP 0.2679  <0.0001 
BOP vs FIB 0.0176 =0.0376 
BOP vs WBC 0.0341 =0.0037 
   
PPD vs CRP 0.1819 <0.0001 
PPD vs FIB 0.0039 =0.325 
PPD vs WBC 0.0091 =0.137 
   
CAL vs CRP 0.0219 =0.020 
CAL vs FIB 0.0013 =0.565 
CAL vs WBC 0.0061 =0.221 
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Figure: 4.31 Changes in BOP and CRP 

 

 Figure: 4.32 Changes in BOP and Fibrinogen  

 

Figure: 4.33 Changes in BOP and WBCs 
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 Figure: 4.34 Changes in PPD and CRP 

 

Figure: 4.35 Changes in PPD and Fibrinogen 

 

Figure: 4.36 Changes in PPD and WBC  
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Figure: 4.37 Correlation of changes in CAL and CRP  

 

Figure: 4.38 Correlation of changes in CAL and Fibrinogen  

 

Figure: 4.39 Correlation of changes in CAL and WBCs  
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Control Event Rate (group B) CER  = E/P= 42/105 = 40% 

(Without periodontal treatment, 42 patients out of 85 (group B) remained at 

high-risk for CHD event) 

Experimental Event Rate (group A) EER = E/P = 47/212 = 22% 

(With periodontal treatment, 47 patients out of 161 (group A) remained at 

high-risk for CHD event) 

ARR = CER- EER   =   40%-22% = 18% (p=0.027) 

(Periodontal treatment will save 18% of patients from having CRP high-risk 

levels for CHD) 

NNT (Numbers Needed to Treat) = 1 / ARR = 1 /18 = 5 

Relative Risk / Risk Ratio = CER  / EER  = 40 / 22 = 1.81 

RRR (Relative Risk Reduction) = CER- EER / CER    =   40-22 / 40   = 45% 

Periodontal treatment reduces the CRP high-risk levels for CHD by 45%  

4.5.1 Effect-Size of Periodontal Therapy through Calculation of 
Absolute  Risk Reduction (ARR), Number Needed to Treat 
(NND), Risk Ratio  (RR), and Relative Risk Reduction 
(RRR) 

  ARR, NNT, RR and RRR and were calculated for subjects in both 

intervention (A) and nonintervention (B) groups. The subjects were categorized by 

serum CRP level of 3mg/L. Subjects having CRP level higher than 3mg/L were 

considered at high risk for CHD as per AHA recommendation. Subjects showing 

no change in CRP level at post-treatment stage from higher to lower CRP level 

were counted for occurrence of the event after periodontal therapy. An event rate 

in group A or group B was calculated by dividing numbers of subjects that 

remained in high-risk CRP category after treatment by the total numbers of 

subjects in each arm before treatment. E stands for event and P for the total 

number of subjects in the treatment and control groups.  (www.nottingham.ac.uk) 
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4.5.2 INTENT-TO-TREAT (ITT) ANALYSIS 

Analysis by ITT was done to have a conservative estimate of the treatment effect 

with what would be expected if there was a full compliance. By including the loss-

to-follow subjects based on CRP high-risk level (>3mg/L) for CHD in each arm 

(intervention and nonintervention) and doing a worst-scenario analysis at end of 

study showed that 46.2% of the intervention group and 60% of nonintervention 

group had CRP levels high-risk for CHD. The analysis resulted in absolute risk 

reduction (ARR) of 13.8% as shown in Figure 4.40. 
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Figure: 4.40 Intent-To-Treat Analyses 
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5.1  INTRODUCTION 

Coronary heart disease patients with periodontitis from a cardiac institute were 

enrolled for this single-blind randomized clinical trial. Non-surgical periodontal therapy 

was provided to the intervention group to treat the periodontal disease and to observe the 

consequent effect on serum levels of inflammatory mediators.  This intervention study 

has shown that periodontal treatment influences the systemic inflammatory mediators in a 

way that is in agreement with the decrease in risk factors for CHD.  

Coronary Heart disease (CHD) alone is responsible for 20% global mortality 

(Khan et al. 2006), 50% of all mortality in the United States, Europe and Japan (WHO, 

2003); and there is a global health challenge of escalating CHD levels in the developing 

countries (Bokhari et al. 2009a). South Asia is undergoing notable economic 

development, industrialization, and globalization with rapidly changing lifestyles 

resulting in increased prevalence of obesity, hypertension, and coronary artery disease 

(Satyavan et al. 2008). South Asians have a higher prevalence of coronary heart disease 

(CHD) and cardiovascular mortality compared with Europeans (Forouhi et al. 2006). 

CHD is rapidly increasing in Pakistan (Nuri et al. 2006), and is reported to be associated 

with low socioeconomic status (SES) and disadvantaged populations (Ahmad U, 2006). 

Data of global burden of NCDs reveals a clear dominance of CVDs, particularly CHD, in 

developing countries; however research on chronic diseases in resource-poor nations still 

remains embryonic (Chen et al. 2006).  

A strong link between periodontal disease (PD) and cardiovascular diseases 

(CVDs) has been provided through clinico-pathological and animal studies (Shanker J, 

2009; Li et al. 2002).  Both diseases (PD & CVD) are highly prevalent and complex 

processes with many common risk factors (Amar et al. 2003a; Beck et al. 1998; Armitage 

GC, 2000). Meta-analyses and review papers (Humphrey et al. 2008; Danesh et al. 1999; 

Little JW, 2008; Demmer et al. 2006; Madianos et al. 2002) have demonstrated consistent 

and significant associations between the two conditions. At present the evidence of direct 

relationship between periodontal disease and cardiovascular diseases is less convincing 

for lack of uniform definition of periodontitis (Bouchard et al. 2010) and inadequate 
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adjustment of confounding factors such as diabetes and smoking in the reported. 

(Petersen PE, 2009).  

Different pathways of association, direct and indirect (Friedewald et al. 2009), 

have been postulated and studies show that this association of oral and cardiac diseases 

may be mediated through infectious and pro/inflammatory pathways reported in the 

literature (Offenbacher et al. 1999; Kuramitsu et al. 2001). Possible biological 

mechanisms of interaction between periodontitis and cardiovascular disease include the 

burden of bacterial pathogens (Renvert et al. 2006), antigens, bacterial toxins (Haraszthy 

et al. 2000, Cairo et al. 2004) and the production or raised levels of inflammatory 

mediators (Offenbacher et al. 1999, Amar et al. 2003b; Kweider et al. 1993; Ebersole et 

al. 1997). Another important consideration, observed by Beck et al. (2002), is the 

temporal relationship between the exposure (periodontal disease) and the outcome 

(hsCRP) of interest. Systemic inflammatory markers of hsCRP, fibrinogen and WBCs are 

reported to be raised in both CHD and periodontitis (Kaisare et al. 2003; Amabile et al. 

2007; Wu et al. 2000; Loos et al. 2000). There is evidence that subjects with advance 

periodontitis exhibit endothelial dysfunction and systemic inflammation that place them 

at increased risk for CVDs; (Amar et al. 2003b) however, it remains controversial that 

whether elimination of periodontal infections would prevent CHD or not (Hujoel et al. 

2000, 2001). There are currently no prospective data that by modifying periodontal status 

and lowering CRP; there is a reduction in cardiovascular events or it improves survival 

(Blake GJ, 2003). Amar et al. (2003a) proposed that periodontal-systemic associations 

may best be investigated through large, prospective, randomized clinical studies as well 

as interventional trials.  Persson and Persson (2008) concluded their review with the need 

of properly powered longitudinal case-control and intervention trials to identify how 

periodontitis and periodontal interventions have an impact on CVD.  

During the current decade, intervention studies (Offenbacher et al. 2009, Bokhari 

et al. 2009; Vidal et al. 2009; D’Aiouto et al. 2006, 2005a, 2004a, 2004b; Montebugnoli 

et al. 2005; Seinost et al 2005; Yamazaki et al. 2005; Mattila et al. 2002) have provided 

evidence that substantial gains may be made by treating individuals with periodontal 

infections and elevated levels of inflammatory biomarkers associated with CHD risk.  
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Regardless of the recognition, and research work done on the role of periodontal therapy 

in reducing periodontal disease, and lowering systemic inflammation (CRP as outcome 

measure); no large scale or phase II randomized study, except one (Offenbacher et al. 

2009) has been reported in literature to observe the influence of periodontal therapy on 

serum inflammatory markers associated with the risk of CHD. The author of the present 

trial could not find a study which proscribed for all mutable confounding factors and 

observed the effects of periodontal therapy for its applicability or role in primary / 

secondary prevention of CVDs. An intervention study is a better design to identify the 

risk factor for any disease of interest and randomized controlled trials provide the best 

evidence for making decision on what does and does not work.  (Pihlstrom and Barnett, 

2010) 

The present randomized controlled trial (phase II level), therefore, may contribute 

appreciably to reduce the existing lack of research in the causal association of 

periodontitis with CHD. On the basis of current data, it is acknowledged that untreated or 

inadequately controlled moderate to severe periodontitis increases the systemic 

inflammatory burden, and periodontitis may independently increase the risk for CVD 

(Friedewald et al. 2009); therefore it may be said that screening of periodontal patients 

and inclusion of periodontal therapy as a tool for prevention of CHD at primary / 

secondary level is an area of current investigation. Shanker et al. (2009) suggested that 

the research is needed to identify the classified criteria and yardsticks to methodically 

record clinical end-points and critically evaluate all potential confounding factors along 

with predisposing environmental factors in order to delineate the true relationship 

between periodontal and cardiovascular diseases.   

Status of periodontitis in this trial was measured through the periodontal 

inflammatory parameters of bleeding on probing (BOP); periodontal probing depths 

(PPD) and clinical attachment loss (CAL) where PPD indicates the presence of active 

disease and CAL represents a cumulative measure of periodontal tissue destruction. (Burt 

et al 1999; Arbes et al. 2001) Systemic inflammation was measured through biomarkers, 

which explain status of inflammation (CRP and WBCs) and give an indication of the 
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ongoing process of coagulation (fibrinogen) and are also associated with increased risk of 

CHD (Joshipura KJ, 2004; Ridker PM 2000; Nilsson J 2005).  

 Non-surgical, mechanical periodontal therapy was chosen as an intervention for 

its simplicity, patient friendly, non-invasiveness, cost-effectiveness and sustainability as 

existing evidence in the form of systematic reviews, which are the highest level of 

evidence for evaluating a therapy, provide conclusive support for the beneficial effect and 

efficacy of mechanical non-surgical therapy in the treatment of periodontal diseases 

(Suvan JE, 2005). 

Periodontal parameters were defined as predictor (independent) variables and 

inflammatory markers as outcome (dependent) variables. Study subjects who were 

presented with any characteristics that could influence the predictor/outcome variables at 

recruitment or during follow-up period were excluded from study.  This study followed 

strict inclusion criteria in order to control the potential confounding role of risk factors 

associated with CHD or periodontitis.  

Clinical trials require exact specification of the particular systemic disease under 

consideration and use highly specific diagnostic measures of disease severity (Amar et al. 

2003a). This trial conforms to these requirements of a clinical trial; CHD was defined as 

the particular systemic disease of interest and its severity was confirmed through specific 

method of angiography; specific clinical diagnostic tools of BOP, PPD and CAL were 

used to measure periodontal disease. An assessment of the adequacy of exposure 

(periodontitis) and its association with outcome (CHD) measures used in this trial may be 

made by using the criteria defined by Madianos et al. (2002) in their systematic review 

for the quality of randomized clinical trial. A claim may be made for observance of 

almost all criteria in the present trial which has been set by Madianos et al (2002) for 

good quality randomized clinical trials.  

This study was completed with 246 CHD patients with moderate to severe 

periodontitis; 166 subjects in intervention (immediate treatment) group and 85 subjects in 

non-intervention (delayed treatment) group. Findings of this clinical trial may add 

information to the current research on the causal association of periodontal disease with 
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CHD by demonstrating an influence of periodontal therapy on serum levels of 

inflammatory (CRP and WBCs) and haemostatic (fibrinogen) risk markers of CHD, 

because an essential component of atherosclerosis relates to the role of inflammatory and 

coagulation systems (Albert MA, 2006). This clinical trial has shown that CHD risk 

factors (CRP, fibrinogen, and WBCs) are decreased with an improvement in periodontal 

health. This trial may help to define the status of periodontal disease to identify at-risk 

individuals and to determine the role of periodontal therapy in modification of risk for 

CHD patients. 

5.2  STUDY SAMPLE CHARACTERISTICS 

This trial included angiographically confirmed CHD patients as the subjects of 

study. The definition of a CHD case depends upon the signs, symptoms, biomarkers, 

ECG, autopsy findings, and angiography (Leupker et al. 2003). Coronary angiography 

confirms the diagnosis, and determines the extent of coronary disease. It also provides 

full evaluation of patients to decide upon the intervention procedures as a supplement or 

alternative to medical therapy (Scanlon et al. 1999).  

The subjects of intervention (immediate treatment) and non-intervention (delayed 

treatment) groups showed no difference in demographic or medical parameters of the trial 

at baseline. Demographic characteristics of this study sample are consistent with similar 

data on CHD in Pakistani population (NAP). Data on prevalence and pattern of CHD in 

Pakistan is scanty; however few studies are available to have an overview of 

demographic picture of the CHD patients. Mean age of CHD patients in this trial was 

49.26 years that is in agreement with the mean ages of 49.70 years and 47.38 years as 

reported in 1995 and 2004 respectively. (Khan et al. 2006) The decrease in the mean age 

of CHD may be explained by the reported frequency of cardiac deaths and a younger 

onset of CHD in National Action Plan of Pakistan. (NAP) One in 4 middle-aged adults 

has prevalent CHD, and the risk is uniformly high in young population of Pakistan (Jafar 

et al. 2005). In this trial 70% of cardiac patients were observed in the age-group (41-59 

years), 13% in age-group of ≤39 years and 17% were aged ≥60 years.  
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Jafar et al. (2005) has reported an age-specific prevalence of CHD which was 

23.6% in the population between the ages of 40 and 50 years, suggesting a high burden of 

premature CHD in this native South Asian population of Pakistan. A CHD prevalence 

trend of 15% over the age of 18 years and 36% over the age of 60 years has been reported 

in another survey conducted in the Northern areas of Pakistan. (Shah et al. 2001) These 

findings corroborate with findings of the present trial. In a study by Fang L et al. (2004) 

in China, angiographically defined subjects had mean±SD age of 57.8±9.7 years. Age 

range (32-79 years) and mean age (49.26 years) of the subjects of this trial are 

comparable with a recent study by Buhlin et al. (2009), which reported subjects with age 

range of 35-70 years and mean age of 53.8 years with chronic generalized periodontitis.  

Male gender was predominant (85%) in the present trial. Males were six times 

(M:F=6:1) more than females in the present study. Jousilahti et al. (1999) has referenced 

various studies on prevalence of CHD among middle-aged people which is 2 to 5 times 

more common in men than in women, and this sex ratio varies between populations. In 

both sexes, the risk of CHD increases markedly with age. Another case-control study 

(Briggs et al. 2006) is comparable with this trial for demographic characteristics of study 

subjects. Briggs et al. (2006) conducted a study on men aged >40 years (mean 56.7 years) 

angiographically proven CHD with >50% narrowing of one coronary artery;  observing 

almost a similar criteria of exclusion as of this trial (diabetes, gross oral infection, 

antibiotics within 3 months of study, history of periodontal treatment, with 

congenital/rheumatic heart disease). The age-sex distribution of our cohort corresponds 

with similar findings in CHD cases of Peshawar, where 65% CHD cases were aged >40 

years and more in men. (Sarwar G, 2004) The presence of angiographic coronary artery 

disease is reported to be associated with patient age (p=0.048) and male sex (p<0.01) 

(Auer J, 2002). In a study by Geerts et al. (2004) CHD patients were found with men to 

women ratio of 6 to1 and with a mean age of 59.2±11 years.  

Obesity was noted as defined by Linden et al. (2007) normal/underweight (BMI 

<25), overweight (BMI=25-30)) and obese (BMI >30). Majority of study subjects of this 

trial were overweight (BMI 25-30) or obese (BMI >30). Mean BMI (28.06± 5.35) of the 

subjects of this trial are comparable with the study by Buhlin et al. (2009) that reported 



Chapter-5    Discussion 

 

151 

 

mean BMI of 25.9±3.3.  The difference in BMI may be due to the difference in mean age 

of the subjects of two studies. Females had significantly higher BMI in this trial that is in 

agreement with other studies (Njelekela et al. 2009; Hajian-Tilaki et al. 2007). BMI 

distribution in male and female groups of this study is comparable with a national data 

available from the National Health Survey of Pakistan (NHSP) (PMRC, 1998) that 

reported the proportion of adults classified as overweight generally increased with 

advancing age, however in this trial the higher proportion of adults with overweight was 

observed in 40-49 years; a notable change in prevalence of obesity over the last 10 years.  

The national study reported that 31% of the men were overweight compared with 51% 

women in the age-group of 25-44 years, In the current trial 30% males were obese as 

compared with 75% women. The difference in BMI of females of this trial and national 

study (75% to 51%) may be due to the sample size and inclusion of healthy subjects in 

the national study, the other reason may be small number of females in the current trial. 

In the four age-groups of the present trial, 70-80% of subjects were either over-weight or 

obese. Distribution of obesity in four age-groups of this trial is closely comparable with 

the Iranian population (Hajian-Tilaki et al. 2007). Mean BMI for subjects of this trial in 

≤59 years of age also corresponds with data of study by Jousilahti et al. (1999). 

Socioeconomic status (SES) defined by education, income, occupation, social 

status, and neighborhood environment is an important contributor to health. (Albert et al. 

2006) By explaining the notion that different measures of SES reflect different aspects of 

social strata, a strong inverse relationship between SES (education, Income and 

occupational grade) and CVD was observed in a prospective study, although there was an 

affect of other biological and behavioral risk factors (Albert et al. 2006). Sixty eight 

percent subjects of this study sample were in secondary education category and 72% 

males and 50% females were with no education. A significant difference in genders for 

level of education was found; a normal trend that is observed in Pakistani population 

(PMRC, 1998). Eighty six percent of study subjects were in low-income group with no 

difference between males and females. A similar trend with a significant statistical 

difference (p≤0.001) was found for association of education and income groups; the 

higher the education the higher the income. Half of the uneducated study population was 

unemployed or retired. Majority of study subjects with secondary education were in labor 
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class and subjects with high school or higher education were in professional jobs. Income 

category showed no association with BMI; BMI categories were equally distributed 

among education categories. Subjects with higher education were proportionally more in 

non-smoker’s category and a vise versa trend was observed in former-smokers. 

Proportion of former-smokers was higher in labor and skilled categories. Former 

smokers’ percentage (37%) in this trial is comparable with a local study on smoking 

status in adult population (Jalil MA. 2002). Cross-sectional data (Yarnell J. 2005) of a 

cohort aged 50-59 years showed a strong socio-economic (low-education, low-income, 

no-occupation/retired) gradient in men with clinical or historical evidence of CHD.  

The demographic characteristics; 34% smokers, 8 years school attendance level of 

education, 42% with low SES, mean BMI of 27.1, and predominant male gender (70%) 

of CHD patients of a case-control study (Geismer K , J Perio2006) are comparable with 

demographic characteristics of education, SES and BMI (27.3) in subjects of the present 

trial. Male patients with MI had less education, were younger and had higher BMI in the 

study by Andriankaja et al. (2007); all these findings are in agreement with demographic 

characteristics of the present trial.  

Medical parameters of extent of CHD (1, 2, or ≥3 vessels), hypertension, cardiac 

procedures (PCI and CABG) and the status of prescribed cardiac medicines did not show 

statistical difference in the intervention and non-intervention groups at baseline. All 

patients of this trial had an organic stenosis of >50% in one or more principal coronary 

arteries; either had a history of percutaneous coronary intervention (PCI), or coronary 

artery bypass grafting (CABG) or had been using cardiac medicines only. Subjects of 

intervention and non-intervention groups were observed with single (n=67), double 

(n=109) and ≥triple vessel (n=70) disease. Seventy three percent subjects had multivessel 

disease (≥2 vessel) which is comparable with another study (Fang L, 2004) from this 

geographical area reporting a 58% prevalence of multivessel disease. In this trial, patients 

with MI were 65% and patients with ACS made up the other 35%. Prevalence of extent 

of CHD was higher in males than females and this data correspond with a study on 

population of this geographical location (Kamili et al. 2007) and also with a study from 

China where the sample population showed a 66.5% male representation (Fang L, 2004). 
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Hypertension, the most common CHD risk factor worldwide and most important 

preventable risk factor for premature death (Mendis et al. 2007), was observed in 51% 

subjects in both groups of this trial, which is in conformity with another study that 

reported 57% hypertensive in CHD patients (Pai et al. 2004). A study from Pakistan 

reports a prevalence of 33%, implying that one in every three Pakistanis over the age of 

45 years suffers from high blood pressure (Jaffar et al. 2003) and this finding is in 

agreement with a study reporting one in three US adults with high blood pressure 

(Rosamond et al. 2007). In a study by Fang L, (2004) angiographically defined 61% 

subjects were reported with hypertension. In Andriankaja’s (2006) study, 46% 

periodontitis patients were hypertensive as compared to 51% in the present trial. The 

difference in number of subjects with hypertension may be due to geographical location, 

sample inclusion criteria and mean ages of the subjects in both studies. The higher 

number of subjects with hypertension in this trial may be attributed to other factors as 

hypertension has been studied for its association with periodontal disease (Holmlund et 

al. 2006) and there is an increased prevalence of hypertension in patients with 

periodontitis (Engstrom et al. 2007). 85% hypertensive CHD patients were reported with 

periodontitis by Geerts et al. (2004) This higher number of hypertensive patients as 

compared to this trial may be due the mean age (59.2±11 years) of the subjects in their 

study (Geerts et al. 2004). 

Mean blood pressure levels of the hypertensive and non-hypertensive subjects of 

this trial were more than the minimum levels defined for the risk of CHD which begins at 

115/75mmHg and doubles with each 20/10mmHg (Chobanian AV, 2003).  Another 

population survey (Samad A, 1999) also reported similar trends, with prevalence 

estimates of 31.5% (above 140/90 mm Hg) Relative risk of death from coronary heart
 

disease was observed to rise continuously with increasing levels
 
of systolic and diastolic 

blood pressure in middle-aged men observed over
 
a 25-year period, (van den Hoogen 

PCW, 2000) therefore the higher blood pressure levels noted in subjects of this trial may 

show a trend of increasing relative risk of death in this study sample. In the 

atherosclerotic process, several products are generated that play a key role in 

inflammation and therefore are therapeutic targets. Various types of cardiovascular drugs 

were being used by the CHD subjects of this trial at inclusion and follow-up period. The 
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medications noted were antiplatlets, β-blockers, angiotensin converting enzyme inhibitors 

(ACE), angiotensin receptor blockers (ARBs), Calcium channel antagonists, lipid 

lowering agents, and nitrates;  use of similar medicines by CHD patients has been 

reported in another study (James T, 2004). 

5.3  PREDICTOR VARIABLES 

Investigators have considered the clinical, microbiological, and inflammatory 

components of periodontitis as predictor / explanatory variables that potentially convey 

risk for the systemic outcome of interest. Periodontitis is manifested clinically by 

gingival bleeding, loss of periodontal attachment as detected by increasing probing depth 

around the necks of the teeth, and radiographic loss of alveolar bone (Page RC, 2005). 

Clinical measures of periodontitis were noted in this trial to observe the status of 

periodontal disease before and after intervention in intervention group and compare the 

status with those in the non-intervention group. Extent and severity of PPD corresponds 

with periodontal disease progression and increased probing depths have been associated 

with a higher risk for periodontal disease progression (Badersten et al. 1985). Various 

studies have used different threshold levels to define status of periodontal diseases in 

their study subjects. In this trial periodontitis case was defined as with BOP level of 

>20% of the total observed sites, PPD ≥4mm at ≥3 sites at ≥1 tooth and concomitant 

CAL ≥3mm. As this trial involved only CHD cases therefore studies reporting 

periodontal status in CHD patients have been compared and discussed. 

Bleeding on probing (BOP) is a sign and predictor of periodontal health. It is used 

clinically to characterize the degree of gingival inflammation (Chaves et al, 1993). 

Bleeding on probing is considered as a reliable indicator of gingival inflammation and 

disease activity, however it is considered as a poor predictor of the progression of 

periodontitis (Highfield J, 2009). BOP has demonstrated a positive correlation with 

pocket depth, its absence was reportedly highest at sites with shallow pockets (0.1-.2mm) 

(Chaves et al. 1993). BOP has been shown to have an association with significantly 

increased risk for attachment loss, with an odds ratio of 2.8 (Tan A, 2009).  In this study 

BOP was observed as percentage of positive sites of bleeding which has been used by 

other studies (Kaisare et al. 2003; Amabile et al. 2008) for evaluation of its association 
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with CHD. Mean BOP levels observed at baseline are in agreement with another study on 

BOP and CHD relationship (Kaisare et al. 2003).  

The use of criteria of periodontal probing depths (PPD) and clinical attachment 

loss (CAL) in this trial was derived from previous studies reported by Alzahrani et al. 

(2003) as this combination of PPD and CAL identifies the subjects with true periodontal 

pockets. The rationale behind using PPD and CAL in combination for measuring 

periodontal disease severity is that PPD suggests the presence of active disease and CAL 

represents a cumulative measure of periodontal tissue destruction throughout life. (Burt 

and Eklund, 1999; Arbes et al. 2001) American Academy of Periodontology (1999) 

suggests diagnosing periodontal disease by the measure of clinical attachment loss. 

Hyman et al. (2002) also measured attachment loss (AL) to see association between 

periodontal disease and CHD. 

Abu-Raya et al. (2002) and Malthaner et al. (2002) reported a significant 

association of periodontal indices and angiographic CHD. Other studies (Beck et al. 

2001; Desvarieux et al. 2005) showed that subclinical CHD was significantly associated 

with chronic periodontitis, however some studies (Mattila et al. 2000; Hujoel et al. 2000; 

Khader et al. 2004) did not show any association as these studies were based on self 

reported data. The present trial included those patients for study who were observed with 

periodontitis level defined with 4 sites of ≥4mm pockets and concomitant CAL of ≥3mm. 

Buhlin et al. (2009) recruited their study patients of severe periodontitis with at least 

seven sites of 6mm CAL. Linden et al. (2008) defined a low- threshold periodontitis with 

inter-proximal sites of ≥6mm loss of attachment and at least one pocket of ≥5mm; a high-

threshold periodontitis when ≥15% of all sites measured had loss of attachment ≥6mm 

and there was at least one site with deep pocketing (≥6 mm). In this trial the CAL sites of 

≥5mm were 17% therefore subjects of this trial may be classified as with high-threshold 

periodontitis. 

In a study by Amabile et al. (2008) a mean PPD of 2.2±1.28 mm was reported in 

patients with CHD that is lower than the mean PPD (3.6±1.2) in subjects of the present 

trial. The reason for the difference in mean probing depths is the number of sites and 

number of teeth noted in both studies. Amabile et al. (2008) had noted PPD around 4 sites 
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of 6 teeth in the whole mouth whereas in this trial a full mouth PPD measurement was 

done including 6 sites around each tooth. Andiankaja et al. (2007) used a full mouth 

mean CAL of ≥3 mm to define severe periodontal disease. 36.6% subjects of 

Andriankaja’s study had a CAL of ≥3mm as compared to 78.9% subjects with same level 

of CAL in this trial. Andiankaja and colleagues (2007) reported a mean CAL of 

3.1±1.3mm (comparable to 3.4±1.4mm of this trial) in male cases of MI. the difference in 

mean CAL levels may be attributed to less number of teeth in subjects of Andriankaja’s 

study (2007). 

 In a study by Silva-Boghossian et al. (2009) the prevalence of individuals with at 

least one site with CAL of ≥5 mm or ≥7 mm was 72.1% and 60.9%, respectively. The 

mean frequency of sites with moderate (5-6 mm) and severe (≥7 mm) CAL was 15.8% 

and 9.1%, respectively. With these criteria, subjects of this trial were found with mean 

CAL of 43.8% with sites of ≥5 mm. CHD patients observed by Geerts et al. (2004) were 

91% with periodontitis; had mean number of missing teeth 14±7.1; showed 32.5% of 

bleeding sites and mean number of pockets of ≥5mm were 18±17.1. A significant dose-

response relationship between increasing scores of periodontal risk of infectiousness and 

presence of CAD was observed by Geerts et al. (2004).  In the present trial 100% CHD 

patients were with periodontitis, had mean number of missing teeth 2.9±3.25; mean 

bleeding sites were 42.8%; mean sites of ≥5mm were 38.5±22.9%. The difference noted 

in status of periodontal disease in subjects of both studies is in number of bleeding sites 

and PPD of ≥5mm that may be attributed to difference in number of teeth (inclusion 

criteria); however the similarity observed is that almost all CHD subjects in both studies 

had chronic periodontitis. A case-control study by Geismer et al. (2004) on CHD patients 

found mean BOP of 38.4%, mean PPD of 2.9mm and mean CAL of 3.7mm. These 

findings of PPD, CAL and BOP levels in CHD patients correspond with those which 

were noted in the present trial.  

Oral and periodontal parameters noted in this trial may be compared to those by 

Briggs et al. (2006) for mean number of teeth, BOP, PPD ≥4mm and ≥6mm.  The BOP 

and PPD levels found in the present trial are higher as compared to those of Briggs et al. 

(2006) that are because of the difference in mean age and mean number of teeth of both 
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groups. The finding of this trial for higher levels of periodontal disease is strengthened by 

the findings of the study by Gotsman et al. (2007) who reported stable CHD patients 

(mean age 61±10 years) (mean teeth 20±6.7, average number of sites: 119.3±39.9)  with 

multiple vessel disease who were diagnosed with more periodontal disease, having mean 

clinical attachment level of 5.17±1.93 mm, percentage of teeth with CAL≥5mm 

73.9±27.1%; BOP (%) 76.6±22.1%; mean PPD ≥5mm 61.20±32.7%; these periodontal 

measures are in coherence with the findings of this trial, although the subjects in 

Gotsman’s study were older and had less teeth.  Angiographically defined CHD patients 

(82% males with mean age 61±8.9 years) were examined and compared with no history 

of CHD by Johansen et al. (2008) for status of periodontal disease. Periodontal condition 

was examined 3-6 months after PCI just as subjects of the present trial were enrolled 3 

months after PCI. Johansen et al. (2008) reported mean number of teeth 22.7±5.5; mean 

BOP 27.0±19.6%, mean 4-6mm pockets 14.0±12.4mm and the mean bone level of 

3.0±1.0 mm in his study sample. This is in agreement with the present trial for mean 

number of teeth, 4-6mm pocket depths, however bleeding points were less than those in 

the present trial. A similarity in both studies is the case definition of CHD and control of 

confounding factors.  

Periodontal status in CHD subjects of the present trial are comparable with other 

studies by Lope’z et al. (2002), Persson et al. (2003) and Renvert et al. (2004). Lope’z et 

al. (2002) studied cardiac cases of myocardial infarction (MI), unstable angina (USA), 

and angina pectoris (AP) confirmed through ECG who were aged 30-50 years (mean 

42.5±5.7 years). 83% men with 74% smoking status were included in the study. Mean 

number of teeth present was 20.3±5.6, pocket depth noted was 1.7±0.4mm and 

attachment loss was 2.2±1.2mm. Persson et al. (2003) studied clinically confirmed AMI 

cases (85% males; mean age 63.4±8.9 years) for periodontal examination. 76.9% subjects 

were either non- or former-smokers. Mean present teeth were 21.1±7.6; CAL level of 

≥4mm was analyzed for its severity and significant level of association with AMI was 

observed at cut-off level of 50%. Renvert et al. (2004) noted BOP%, PPD of ≥6mm, 4-

5mm, <4mm and bone loss of >4mm in AMI subjects with mean age of 62.7±9.1 years 

who had mean present teeth 21.3±8.0. Using these periodontal parameters and tooth loss 

a periodontal pentagon risk diagram was constructed which was significantly associated 
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with AMI cases. Peridotnal status of CHD patients of the present trial is comparable with 

a study by Oe et al. (2009), which investigated the association between PD and CAD 

(CHD) in a study population (n=174, 64.5±10.3 years) who received angiography and 

dental examination. It was observed that periodontal composite scores for periodontal 

status were higher in CAD patients as compared to non-CAD patients (p=0.02). This 

finding was significant (p=0.03) in CAD patients aged <60 years and insignificant in 

patients aged ≥60 years.  

5.4  OUTCOME VARIABLES 

Serum inflammatory mediators of CRP, fibrinogen and WBCs were observed and 

analyzed as outcome variables in study groups of this trial. At baseline there was no 

difference in serum levels of these inflammatory markers between intervention and non-

intervention groups. As angiography triggers CRP levels (Goldberg et al. 2003); therefore 

subjects having angiography within 12 weeks (3 months) of recruitment time were 

excluded from study in contrast to Briggs et al. (2006) who excluded subjects having 

angiography 6 weeks before inclusion in the study. In this trial an attempt has been made 

to minimize the confounding of systemic inflammation other than periodontal status.  

The serum levels of CRP, fibrinogen and WBCs in subjects of the present trial are 

comparable with other studies conducted on patients with CHD and / or with 

periodontitis. (Amabile et al. 2008; Tuter et al. 2007; Fang et al. 2004; Auer et al. 2002b; 

Katritsis D. 2001) Tuter et al. (2007) reported that patients with periodontal disease and 

coronary artery disease had significantly higher serum CRP levels as compared to 

patients with periodontal disease alone. The elevated levels of CRP and fibrinogen 

support an association between inflammation and coronary heart disease (Alexander et al. 

1994) and show an independent association with CVD (Thompson et al 1995). Elevated 

serum CRP levels noted in the present trial are consistent with existing literature 

reporting elevated CRP levels in patients with periodontitis (Noack et al. 2001) and 

showing association between status of periodontal disease and increased CRP levels 

(Slade et al. 2000; Wu et al. 2000). Xiaojing Li (2001) quoted a
 
study that evaluated the 

relationship of cardiovascular disease
 
and CRP. Groups of adults who had neither 

periodontal nor cardiovascular
 
disease, one of these diseases, or both of them were 
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assembled.
 
In those with both heart disease and periodontal disease, the

 
mean level of 

CRP (8.7 mg/L) was significantly different from
 
that (1.1mg/L) in controls with neither 

disease. The authors
 
also showed that treatment of the periodontal disease caused a

 
65% 

reduction in the level of CRP at 3 months. The level remained
 
reduced for 6

 
months. In 

comparison to this report mean level of CRP in patients with both CHD and periodontitis 

was 4.7 mg/L and a reduction of 44% was gained after treatment of periodontal disease in 

the present trial. Both studies show a trend of more reduction in CRP levels with higher 

levels at baseline. 

Mean hs-CRP level of 4.2±1.4 mg/L in Pakistani patients with acute MI (mean 

age: 59.2±11 years, males: 64% and females: 36%) (Irfan et al. 2008) is comparable with 

the CRP level (4.7mg/L) of present trial in subjects with stable coronary heart disease, the 

difference in values were due to the difference in mean age and active or stable phase of 

CHD observed in both studies. Persson et al. (2003) has reported serum CRP levels of 

21.0±34.2 mg/L in clinically confirmed AMI cases comprising of 85% males with mean 

age of 63.4±8.9 years for periodontal examination. In a study by Fang et al. (2004) in 

China, serum levels of WBCs and CRP were 7.6±2.29x10
3
/L and 1.52mg/L respectively 

in angiographically defined subjects aged 57.8±9.7 years including 66.5% males, and 

58% multivessel disease. Gotsman et al. (2007) studied CRP, fibrinogen and WBC levels 

in stable CHD periodontitis patients and noted CRP level of 0.5±0.0 mg/L, fibrinogen 

level of 296±1 mg/L and WBC counts of 7.4±0.2x10
3
/mm

3
 while values for these 

variables were higher in ACS cases. Studies have shown that increased levels of CRP as 

the strongest predictor of thrombosis (Katritsis et al. 2001) and this effect was 

independent of the presence of unstable angina or AMI and  CRP levels represented an 

independent risk factor for the presence of CHD assessed by coronary angiography 

(p<0.01) (Auer J, 2002). In a study by Ellis et al. (2007) 46% of subjects (n=39) were 

classified as high risk (CRP >3mg/L), 49% of average risk (CRP 1-3mg/L) and 5% of 

low risk. In the present trial 61.5% subjects were categorized as high-risk (CRP >3mg/L), 

36% of average risk (CRP 1-3mg/L) and 2.4% of low risk. 

  The studies by Reganon et al. (2002), Amabile et al. (2008), and Auer et al. 

(2002) observed that low-grade inflammation after 5 years of MI had higher levels of 
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CRP and fibrinogen, an association of fibrinogen with periodontitis in CHD patients and 

link between extension of periodontitis and higher levels of fibrinogen. The presence of 

angiographic coronary artery disease was associated with high plasma fibrinogen levels 

(p<0.01). The present trial also showed that fibrinogen levels were elevated in CHD 

patients with periodontitis and values are comparable to other studies presented with 

CHD and/or periodontitis (Ge et al. 2008a, 2008b; Gotsman et al. 2007). In a prospective 

study on male health professional by Joshipura et al. (2004) no association was found 

between periodontal status and fibrinogen, however other studies (Kweider et al. 1993, 

Wu et al. 2000) reported an association of periodontal disease and fibrinogen. A study 

(Satti et al. 2003) conducted on Pakistani population has shown fibrinogen levels above 

400mg/L in 55.6% of study sample of 300 CHD patients. Satti et al. (2003) reported that 

35.3% of these patients had levels even higher than 700mg/L. Another study (Khan et al. 

2005) on CHD and control population fibrinogen levels were 258±63.4mg/L in CAD 

cases as compared to 222±37.2mg/L in control group.  

The relationship between WBCs and CHD observed in prospective/ retrospective 

cohort and case-control studies is strong, consistent, temporal, dose-dependent and 

biologically plausible and elevated levels predict future incidence of CHD (Madjid et al. 

2004).  The WBC counts were higher in the present trial as compared to reported levels 

for CHD patients in another study (Amabile et al. 2008) in which serum counts of WBC 

was observed to be associated with extent of periodontitis and angiographic extent of 

CHD. Persons with WBC counts of > 7.6 x10
9
/L were at increased risk of death from 

CHD (Brown et al. 2001). Danesh et al. (1998) has reported mean WBC counts of 8.4 

x10
9
/L from a meta-analysis of 19 prospective studies conducted on leukocyte and CHD.   

Hasegawa et al. (2002) reported that non-smoking subjects who were free of periodontal 

disease had a mean WBC count of 4.69±1.0x10
9
/L and suggested to use this value as a 

reference for WBC counts in healthy subjects. Hasegawa et al. (2002) further suggested 

that values significantly higher than this could be an important indicator of inflammation 

derived from cigarette smoking or periodontal disease. Fredriksson et al. (1998) found 

increased WBC counts in periodontitis cases. Higher WBC counts noted in the present 

trial are in agreement with other studies (Kweider et al. 1993; Fredriksson et al. 1999a, 

199b) indicating that it has systemic effect. 
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5.5  PERIODONTAL THERAPY (THE INTERVENTION) 

Non-surgical mechanical periodontal therapy combined with periodontal 

maintenance (oral hygiene) was applied as an intervention in this trial to reduce 

periodontal disease. Effect was evaluated at 8 weeks interval with 2 follow-up 

examinations. There was a significant gain in periodontal health as per priori definition.  

Beneficial effects of periodontal treatment has been observed in many studies 

targeting various outcome variables such as systemic inflammatory markers and 

haemostatic factors (Behle et al. 2009; Offenbacher et al. 2009, Bokhari et al. 2009; Vidal 

et al. 2009; Ide et al 2003; D’Aiuto et al. 2004a, 2004b, 2005a, 2005b; Mattila et al. 

2004; Montebugnoli et al. 2003, Yamazaki et al. 2004), lipid profiles (Buhlin et al. 2009), 

endothelial function (Piconi et al. 2009; Tonneti et al 2007), arthritis (Ortiz et al. 2009), 

metabolic control (Dag et al. 2009; Janket et al. 2007) and pregnancy outcomes 

(Offenbacher et al. 2009; Radnai et al. 2009). All studies have shown a varying degree of 

effect of periodontal therapy on periodontal disease and systemic outcomes of interest. 

Various treatment strategies have been used in previous interventions that included 

mechanical debridement, systemic antibiotics, host-modulating drugs and surgical 

procedures for treatment of periodontitis. These strategies were focused on the resolution 

of gingival inflammation and healing of the soft and hard tissue attachments of the teeth 

to the alveolar process by removal of the bacterial biofilm attached to the tooth roots and 

reinforcement of patient oral hygiene to reduce bacterial re-growth (Friedewald et al. 

2009). Many previous intervention studies have investigated the consequences of non-

surgical debridement. (Bokhari et al. 2009; Dag et al. 2009; D’Aiuto et al.2004; 2005; 

Montrbugnoli 2005).  

Literature search shows that non-surgical periodontal therapy, combined with 

improved personal oral hygiene, can reduce tissue inflammation and pocket depths and 

improve clinical periodontal attachment. (Cobb CM, 2002; Suvan et al. 2005; Drisko CH, 

2001) In periodontitis patients, mechanical non-surgical therapy reduces inflammation, 

probing depths, and increases CAL and there is no evidence of a difference in efficacy of 

machine-driven (ultrasonic and sonic) and hand instruments. (Suvan JE, 2005) A 

periodontal evaluation at 3 month after non-surgical periodontal treatment is considered 
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adequate for periodontal healing. (Badersten et al. 1984) This may be the reason that 

sufficient gains in pocket depths and no improvement in attachment loss could be 

achieved in the current study which was completed in 2 months period. 

A recent paper discussing the biology, prevention, diagnosis and treatment of 

periodontal diseases reported that nonsurgical and surgical forms of periodontal therapy 

were effective in resolving periodontal infection and inflammation, and they resulted in 

sustained repair of periodontal tissues when combined with an appropriate post-treatment 

maintenance program. (Armitage and Robertson, 2009) The results of our trial fully 

support this notion as the patients who showed a good home maintenance program of oral 

hygiene had good response of lowering periodontal inflammation and infection. Patients 

were given free tooth brushes and tooth pastes and follow-up reinforcement was ensured 

with each periodontally treated patient to have good oral hygiene maintenance. 

 It has been well documented that the majority of patients diagnosed with chronic 

periodontitis can be successfully treated following mechanical debridement, adequate 

oral hygiene and regular maintenance care, although systemic antibiotics offer additional 

benefit over scaling and root planning (Heitz-Mayfield LJA, 2009). The choice of 

therapy, in some cases, depends on the outcome measure being evaluated (Antazak-

Bouckoms A, 1993). The outcome measure in the present trial was the reduction in 

periodontal inflammation (BOP sites >20% to <20%) and a decrease in pocket depths 

(≥4mm by 50%). Both outcome measures showed a significant change; BOP was reduced 

by 52% and 60.8% of subjects with BOP >20% sites dropped to category of BOP <20% 

after treatment. There was 47% reduction in PPD of ≥4mm. 

The present trial is comparable with previous studies (Offenbacher et al. 2009; 

Behle et al 2009; D’Aiuto et al 2005; D’Aiuto et al 2004, 2005; Ide et al. 2003) which 

have used nonsurgical periodontal therapy to treat periodontitis and observed effect on 

systemic outcome measures associated with coronary heart diseases. The present trial 

may be compared with these studies for their study design, sample size, modality and 

period for delivery of periodontal treatment and follow-up periods. The study designs 

used to observe the effect of intervention, conducted so far are multicentre, randomized 

(Offenbacher et al. 2009); single-arm (Behle et al. 2009); single-blind, three-arm, 
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randomized (D’Aiuto et al. 2005); prospective case-control (D’Aiuto et al 2005); single-

blind prospective longitudinal (D’Aiuto et al 2007); random allocation (Ide et al 2003); 

randomized trial (Vidal et al. 2009); and random assignment (Tonneti et al. 2007). In 

contrast to all these studies, the present trial is the single-blind parallel-arm randomized 

intervention trial (phase II) being reported on the role of periodontal therapy on systemic 

inflammatory biomarkers associated with risk of coronary heart disease in CHD patients. 

All studies using nonsurgical periodontal therapy as intervention were phase I 

(sample size=20-80), except the studies by Offenbacher et al. (2009) and Tonneti et al. 

(2007) that were phase II trials (sample size=100-300). The present trial is of a 

statistically significant sample size (n=317) with power of 90% that is completed with 

246 subjects. Follow-up period was kept short in order to avoid natural fluctuations in 

systemic inflammatory parameters and to control co-influence of confounding events 

particularly cardiac medicines. Previous studies have been conducted on samples of 303 

subjects (offenbacher et al. 2009), 120 subjects (Tonneti et al. 2007), 94 subjects 

(D’Aiuto 2004), 68 subjects (Buhlin et al. 2009), 65 subjects (D’Aiuto et al. 2005), 61 

subjects (Seinost G, 2005), 45 subjects (Bokhari et al. 2009), 45 subjects (D’Aiuto et al 

2005), 39 subjects (Ide e al. 2003), 35 subjects (Matilla et al. 2002), 35 subjects (Piconi et 

al. 2009), 30 subjects (Behle et al. 2009), 24 patients (Yamazaki et al. 2005) 23 subjects 

(Ide et al. 2004), and 20 subjects (Montebugnoli et al. 2005). 

Most of the above intervention studies investigated consequences of non-surgical 

debridement however few studies also incorporated surgical intervention and 

pharmacologic therapy with or without involving a parallel control group for comparison. 

Most of these studies have limitations of small sample size, lack of a parallel-arm, limited 

or no control of confounding, variations of treatment modalities and different time 

periods for follow-up; however it is notable that all studies have resulted in a decrease in 

periodontal status after mechanical nonsurgical periodontal intervention, the major 

component of periodontal therapy. The treatment protocol comprising of SRP and OHI in 

the present trial completed over a ten days period may be compared with the single-

appointment full-mouth debridement by Tonnetti et al (2007), and SRP by Buhlin et al 

(2009) followed by surgical therapy if found with pockets ≥6mm depth. 
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The short-term (up to 3 months of follow-up) effects of periodontal therapy have 

been documented through studies (Behle et al. 2009; Tonneti et al 2007; Joshipura et al. 

2004; Mattila et al. 2002) which are in coherence with the present trial whereas long term 

(more than 3 months of follow-up) effects noted in other studies (Offenbacher et al. 2009; 

D’Aiuto et al. 2004) are inconsistent and may be subject to natural or biological 

variations. Recent meta-analysis (Paraskevas et al. 2008) concluded that significant 

improvements occurred in CRP levels after periodontal therapy. The changes in 

periodontal parameters and consequent effect on inflammatory mediators were observed 

for a short-period of 2-months follow-up in the intervention group of present trial. The 

mild change observed in periodontal parameters in control group may be due to 

Hawthorn effect and change in inflammatory mediators in control group may be 

attributed to seasonal or biological variations.  

Badersten et al. (1984) has reported that the magnitudes of initial probing depth 

have no effect on nonsurgical periodontal therapy and sufficient reduction is gained over 

time period of 12 month follow-up. No differences in results could be observed when 

comparing hand versus ultrasonic instrumentation, or when comparing the results of 2 

different operators. In the present trial non-surgical periodontal treatment provided 

through ultra-sonic scalars to all treatment cases was effective in reducing inflammation, 

pocket depths but there was no gain in clinical attachment loss over a two month period 

of follow-up. The effect of periodontal therapy on clinical attachment levels has generally 

been collated to three categories of initial probing depths (IPD): 1–3 mm (normal ⁄ early 

periodontitis); 4–6 mm (moderate periodontitis); and ≥ 7 mm (advanced periodontitis). 

(Tan A, 2009) 

Factors of smoking, diabetes, and ethnic origin, specific types of gram negative 

anaerobic bacteria in the periodontal biofilm, poor education, infrequent dental 

attendance, genetic effects, increased age, male sex, diabetes, psychosocial stress, and 

depression have been shown to be associated with loss of periodontal support, and are 

important considerations in the prevention and treatment of periodontitis (LeResche L, 

2002; da Silva et al. 1995; Pihlstrom BL. 2001). Factors of smoking, diabetes, and ethnic 

origin were controlled for (through exclusion) in the present trial. Other factors described 
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above may have their role in reduction of periodontitis; however evaluation and analysis 

of these confounding is beyond the scope and objectives of this trial. 

Periodontal biofilm that forms on the teeth in the absence of effective oral 

hygiene is the well known local etiological risk factor. Tooth brushing and the use of 

dental floss and other devices to remove bacterial plaque from the teeth are the most 

common ways of disrupting or removing the periodontal biofilm from teeth; (Philstrom et 

al.  2005) however meticulous tooth cleaning returns the gingiva to a healthy condition in 

about 1 week. (Loe H, 1965) and control of the periodontal biofilm with professionally 

administered oral hygiene can slow or stop periodontitis and tooth loss for many years. 

(Axelsson et al. 2004) In this context, periodontal maintenance (oral hygiene measures) at 

home was emphasized during the follow-up periods in order to control periodontitis.  

Adjunctive use of mouthwashes and dentifrices to mechanical cleaning methods 

reduces gingivitis; (FDI, 2002; Mandel ID, 1994) however their role in treating or 

preventing periodontitis has not been established. In view of the preliminary evidence 

daily home use of antimicrobial compounds over an extended time could be beneficial 

with respect to reducing recurrence of periodontal disease after non-surgical periodontal 

treatment (Rosling B, 1997). Supplemental use of local antibiotics, local antiseptic drugs, 

systemic antibiotics, and systemic use of sub-antimicrobial low-dose doxycycline have 

been shown to provide some additional benefit compared with debridement alone. (Hung 

and Douglass, 2002; Hanes and Purvis, 2003) However Pihlstrom et al. (2005) noted that 

this additional benefit is clinically small compared with the effects of local mechanical 

therapy alone, patient’s healing response is usually assessed in a month or two after non-

surgical treatment and for patients with early or moderate disease, non-surgical 

mechanical treatment is often sufficient. Thus the undeniable efficacy of periodontal 

maintenance therapy as a treatment modality (Tan A, 2009) was given due consideration 

for control of inflammation in the study subjects of this trial. In view of the above 

recommendations of studies, nonsurgical mechanical debridement without supplemental 

use of local/systemic drugs was considered beneficial clinically to reduce periodontal 

disease over a two month period. 
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5.6  OUTCOMES OF PERIODONTAL THERAPY 

Changes in periodontal and inflammatory parameters were the outcomes of this 

trial. Inflammatory parameters were defined as the responding variables and the change 

in CRP, fibrinogen and WBCs was observed by a change in status of periodontal 

parameters which were explanatory variables.  

5.6.1  CHANGE IN PERIODONTAL PARAMETERS 

Periodontal therapy resulted in reduction of periodontal parameters, which were 

noted at the 1
st
, 2

nd
 and 3

rd
 examination stages. Periodontal parameter of BOP, PPD 

showed an improvement after non-surgical periodontal therapy both at one and two 

month examinations; however the change in CAL was not significant. 

Periodontal outcomes of non-surgical periodontal treatment were considered to be 

successful with following priori criteria i) reduction in periodontal inflammation (BOP 

>20% to ≤20%), ii) 50% reduction of pocket depths in >4mm at follow-up. BOP was 

reduced to the desired level of ≤20% in 60.8% subjects and ≥4 pocket depths were 

reduced by 47% on average; the desired level of 50% reduction in pocket depths were not 

achieved. Clinical outcome of the periodontal treatment has shown a successful reduction 

in local inflammation. Clinical markers of periodontal probing depth (PPD), gingival 

inflammation (BOP) were decreased significantly. 

In agreement with recent findings from other studies (Offenbacher et al. 2009; 

Bokhari et al. 2009, Ortiz et al. 2009; Behle et al. 2009; Dag et al. 2009; Buhlin et al 

2009; Vidal et al. 2009), a significant reduction in periodontal parameters (BOP, PPD) is 

documented between pre-and post-treatment stages in periodontally treated subjects of 

the present trial. These findings are also comparable to another study (Duan et al. 2009) 

for reductions in BOP and PPD, wherein probing depths and BOP decreased significantly 

(PD= 3.9±0.1 to 2.3±0.1, and BOP= 94.2±1.8 to 33.5±2.0 (P<0.05), and the attachment 

level increased significantly after periodontal treatment. In Buhlin’s (2009) study mean 

number of teeth was 24.2±4.6 at start of treatment, 22.6±5.3 at three month follow-up, 

and 22.2±5.4 was at 12 month follow-up; the status of teeth present in the present trial did 

not change as any subject reporting a tooth extraction during study period was excluded 
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from study. Buhlin et al. (2009) reported a change in mean number of 22.3±1.7 pockets 

of ≥4mm over a 3 months period; we got a change of 20.3±15.3 in pockets of ≥4mm in 2 

months period. Change in BOP% reported by Buhlin et al. was 22.8±1.8% over 3 months 

as compared to the present trial 20.1±9.88% over 2 months period. Buhlin et al. (2009) 

defined their subjects with a BOP of 45% and average 48 periodontal pockets of ≥4mm 

as patients with severe chronic periodontitis; with this definition we may define our cases 

with a BOP 42% and average 65 periodontal pockets of ≥4mm as with sever chronic 

periodontitis.  Buhlin’s study did not classify the subjects who were provided surgical 

interventions and had tooth extractions; the number of sites observed for probing depths 

and BOP % were not same at baseline, 3 months and 12 months follow-up. Periodontal 

maintenance was not addressed in this study. Subjects reevaluated at 6 months period 

were again subjected to SRP and therefore systemic inflammation might have been 

induced as a result of SRP (D’iuto et al. 2005). 

Oral hygiene instruction (OHI) was not emphasized which was done at 3 months 

follow-up. The changes in inflammatory parameters during the follow-up period between 

those with extractions or without extractions were not evaluated by Buhlin et al (2009). A 

randomized intervention study (Vidal et al. 2009) on 22 patients (mean age, 48±3.9 years 

of test group and 49.7±6.0 years of control group) with a 3 month follow-up period 

showed that mean percentage of sites with bleeding on probing, probing (PD) depths of 

4-5mm and ≥6mm, clinical attachment loss (CAL) of 4-5mm and CAL ≥6mm was 

significantly reduced in the test group after periodontal treatment. In the study by Vidal et 

al. (2009) reduction in BOP, PPD (4-5mm), PD (≥6mm) were noted at levels of 26%, 

14.6%, and 6.9% respectively in the test group. Reduction in CAL was 5.3% (4-5mm), 

and 13.3% (≥6mm). In the control group levels of BOP, PPD, and CAL showed either a 

slight decrease, no change or increased after the follow up period. The results of the 

current trial show a reduction in BOP by 52%, in ≥4mm PPD by 47% and in CAL ≥3mm 

by 7% in the intervention group. 

Behle et al. (2009) reported that as result of periodontal therapy pre-treatment 

BOP was reduced from 82.6±14.7% to 26.5±9.8%, PPD ≥6mm from an average of 79.7 

sites per patient to 11.6 sites per patient. The values of BOP and PPD in study by Behle et 
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al. (2009) are higher from those of the present trial. The difference may be because of the 

i) number of present teeth, Behle’s study subjects had at least 20 teeth as compared to 14 

teeth of the current trial; ii) at least 8 teeth with PPD ≥6mm with concomitant CAL of 

≥3mm as compared to 4 sites PPD≥4mm with concomitant CAL≥3mm in the present 

trial; iii) former smoker had quitted smoking 6 month before inclusion in study as 

compared to 12 month in the present trial; and iv) periodontal therapy was more 

extensive that was completed in 6 weeks in contrast to 10 days of the present trial. The 

similarities which may be noted in both studies are exclusion / inclusion criteria and no 

use of local or systemic antibiotics administered with periodontal therapy. 

D’Aiuto and colleagues (2004a, 2004b, 2005a) have consistently observed effects 

of periodontal therapy in their studies and found a statistical change in periodontal and 

systemic inflammatory parameters after nonsurgical periodontal therapy. Subjects of 

these studies are comparable for their demographic and medical parameters with those of 

the present trial. In their single-blind, single-arm study (2004), mean full mouth probing 

depths of 4.4mm and CAL of 4.9mm were noted at baseline. A mean reduction of 57 ± 

24 in the number of periodontal pockets greater than 4mm was obtained together with a 

significant reduction in full mouth bleeding after a 6 months follow-up. This change in 

periodontal parameters is in agreement with that of the present trial at 2 months 

examination. In another study by D’Aiuto et al. (2005a) severe generalized periodontitis 

(average of 81±26 periodontal pockets per subject, with an average clinical attachment 

level loss of 5.4±1.4 mm, n= 65) was observed. Both standard periodontal therapy (SPT) 

and intensive periodontal therapy (IPT) have resulted in considerable reduction of 

periodontal lesions after therapy [60±27 (P < 0.0001) and 60±23 (P < 0.0001). No 

changes were observed in the untreated controls. The same level of changes in pocket 

depths was gained in the present trial after SRP (SPT) and there was no change in the 

nonintervention (control) group of the present trial. 

A prospective controlled clinical study by Dag et al. (2009) on 45 patients with 

chronic periodontitis defined with PPD ≥5mm and CAL of ≥3mm in at least four sites. 

Subjects had at least 15 teeth in mouth and periodontal parameters were recorded at six 

sites of each tooth. These oral and periodontal criteria in addition to the demographic and 
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medical characteristics of study subjects except diabetes closely match to this trial.  This 

study also found a significant difference in periodontal parameters at 3 month 

examination after nonsurgical periodontal therapy. Thus this study showed an agreement 

with findings of the present trial that nonsurgical periodontal therapy eliminates local 

inflammation. In another study (Blum et al. 2007) on 68 patients aged 39-73 years with 

severe periodontitis and 54 patients got periodontal treatment.  Periodontal clinical 

parameters were improved after 3 months' treatment: mean probing depth (PD) of 4.3mm 

at baseline improved to 3.2 (P=0.001), mean clinical attachment level (CAL) was 

changed from 4.6mm to 3.7mm (P=0.01), bleeding on probing (BOP %) changed from 

64% to 33% (P=0.001). A study by Al-Shammri et al. (2006) showed a significant 

reduction in PD (17%) and CAL (13%) at 1 month after scaling and root planning (SRP). 

A randomized trial by Renvert et al. (2004) reported a reduction in PD by 15% and in 

CAL by 12% at 1 month after SRP.  The results of present trial add to the findings of the 

studies by Blum et al. (2007), Al-shammri et al. (2006) and Renvert et al. (2004). 

5.6.2  CHANGES IN INFLAMMATORY PARAMETERS 

A statistically significant reduction in serum levels of inflammatory parameters 

(hsCRP, fibrinogen, and WBCs) was observed from baseline to 3
rd

 examination (after 8 

weeks) in periodontally treated subjects. These outcomes are in agreement with the 

findings of recent meta-analysis (Paraskevas et al. 2008). These findings are consistent 

with our pilot study (Bokhari et al. 2009) and other studies (Offenbacher et al. 2009; 

Behle et al 2009; Vidal et al. 2009; D’Aiuto et al. 2005; Montebugnoli et al. 2005; 

D’Aiuto et al. 2005a; D’Aiuto et al. 2005b; D’Aiuto et al. 2004; Mattila et al. 2002; 

Iwamoto et al. 2003) however inconsistent with other studies by Buhlin et al. (2009); 

Yamazaki et al. (2005) and Ide et al. (2003) 

This trial showed a significant effect of periodontal therapy on serum levels of 

CRP, fibrinogen and WBCs in cardiac patients with periodontitis. These inflammatory 

markers showed a graded reduction after periodontal treatment when examined at 30 days 

of follow up period in intervention group. Although periodontal therapy induces 

inflammatory response within 24 hrs with cessation occurring after 7 days, however 

inflammatory biomarkers return to baseline in 1 month. (D’Aiuto et al. 2005a)  
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The first, second and third mean CRP values were compared in all 246 subjects of 

study sample. The reduction in mean levels of CRP in subjects of intervention group are 

in agreement with the meta-analysis by Paraskevas et al. (2008) Patients were fairly 

distributed among the three CRP-risk categories. In the intervention group, thirty-one 

patients changed from high-risk category at the second examination and twenty four 

patients at the third examination. This significant (p<0.001) decrease in number of 

subjects associated with high/ moderate / low CRP-risk categories for CHD  observed in 

the present trial is in agreement with similar decrease in number of subjects with CRP-

risk categories in another study (D’Aiuto et al. 2004a). 

Non-surgical periodontal treatment of subjects with moderate to severe chronic 

periodontitis and coronary heart disease (CHD) reduced the CHD-risk profile of CHD 

patients as measured by serum levels of hsCRP, fibrinogen and WBCs; similar effects of 

non-surgical periodontal treatment were observed in another study on subjects with 

rheumatoid arthritis (RA) (Ortiz et al. 2009).  The findings of this trial suggest a 

beneficial effect of periodontal therapy on CHD risk.  In a recent single-arm intervention 

study by Behle et al. (2009) 43% patients showed a >25% reduction in CRP as result of 

periodontal therapy in 4 weeks. A 44% reduction was observed in the present trial after 8 

weeks of treatment. Buhlin et al. (2009) noted an insignificant difference in CRP and 

fibrinogen levels at 3 months and 12 months after periodontal therapy. This change in 

CRP observed in this trial as a result of periodontal therapy is strengthened by the results 

presented in several other studies (Blum et al. 2007; Tonetti et al. 2007; Elter et al. 2006). 

In the present trial the reduction in CRP levels were observed after one month 

intervals and further reductions were achieved after 2 months at completion of study; 

Iwamoto et al. (2003) observed a similar reduction in one month and Elter et al. (2006) 

reported a trend in reduction of CRP at one month interval. D’Aiuto and colleagues 

(2004a) have reported in a single-blind, single-arm intervention study that nonsurgical 

periodontal therapy significantly decreased serum mediator and marker of acute 

inflammation (CRP) after 6 months (median decrease 31%, p < 0.0001).  Blum et al. 

(2007) reported that hs-CRP levels were different between the patients' group (pre-

treatment) and the healthy volunteers: 2.9±0.58 mg/L vs. 0.25±0.14 mg/L (P=0.00002). 
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After completing 3 months treatment, hs-CRP levels were decreased from 2.9±0.58 mg/L 

to 2.3±0.7 mg/L (P=0.009). A randomized trial by Vidal et al. (2009) resulted in 

significant reduction in blood levels of CRP and fibrinogen by a percentage of 35% and 

14.49% respectively in the test group as compared to control group after a period of 3 

months. The subjects were with refractory arterial hypertension and medicated with beta-

blockers, angitensin–converting enzyme inhibitors, and a diuretic.  

 An insignificant reduction in fibrinogen levels was observed at one month after 

treatment and a significant reduction after 2 month follow-up in intervention group in the 

present trial. Similarly significant reduction was reported by Vidal et al. (2009) at 3 

months after treatment.  In contrast to the present trial, reduction in fibrinogen levels was 

not observed by Ide et al. (2003), Mattila et al. (2002) and Montebugnoli et al. (2005). 

The interval between blood analyses varied from 1-6 months in these studies. The present 

trial observed reduction in fibrinogen levels in 4 week intervals after treatment; while 

other studies (Mattila et al. 2002; Montebugnoli et al. 2005) have reported insignificant 

reductions in fibrinogen levels at 6 week and at 3 month periods after treatment. 

Inflammatory cells play an important role in the thinning and weakening of the cap 

overlying atherosclerotic plaques. (Taylor et al. 2006) Reduction was also achieved in 

WBC counts in the intervention group after periodontal therapy as compared to no 

change in the control group. WBCs were reduced from a level of 7.4 x10
9
 to 6.3 x10

9 
in a 

study by Taylor et al. (2006) 

  Periodontal therapy has shown an improvement in oral health and also lowered 

the serum levels of inflammatory mediators to a considerable level. Although periodontal 

therapy has been shown to benefit individuals with elevated CRP levels, it is not known 

how much population with chronic periodontitis and high CRP can reduce the risk of a 

first / recurrent cardiovascular event in persons with traditional /aggressive periodontal 

therapy. Data of this and other similar studies suggest that lowering periodontal therapy 

may evolve as a separate, distinct therapeutic goal in lowering risk of systemic 

inflammatory burden generally and coronary heart diseases specifically. However, further 

prospective randomized clinical trials are needed before targeted treatment to lower 

periodontal diseases to a specific range can be approved. Nevertheless positive effects of 
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periodontal therapy provide us a potential alternative of redressing the global burden of 

CVD in near future (Shanker J. 2009). 

An improvement in CHD risk reduction might be predicted after periodontal 

therapy that has contributed to a reduction in the inflammatory markers in this trial. Some 

of the aforementioned intervention studies were not conducted on CHD patients and 

therefore were not able to observe an association of periodontal infection and systemic 

inflammation and effect of periodontal therapy in the presence of CHD. Thus considering 

the role of periodontitis in the process of systemic inflammation and pathogenesis of 

CHD; periodontal treatment in the present trial could be another possible non-

pharmacological mechanism by which CHD risk factors may be reduced.  Meta-analysis 

by Paraskevas et al. (2008) observes CRP as an independent risk factor for CVD that is 

debatable however Ridker et al. (2002) noted that even small differences in CRP serum 

concentration may reflect the risk of developing CVD. 

Recent standardization of the hs-CRP assay allows acceptable precision down to 

0.3mg per liter. It is within these lower, previously “normal” ranges that hs-CRP levels 

seem to have predictive abilities for CHD events (Pearson et al. 2004). In the present trial 

CRP was detected to a level of <0.5mg/L. For the purposes of analysis, CRP levels were 

classified into three categories: low (<1.0mg/L), moderate (1–3mg/L), and high (CRP 

>3.00mg/L). 56% subjects of the total study sample in the present trial were observed 

with serum CRP levels of >3mg/L (high-risk category). This shows that these subjects 

were at increased risk of developing fatal/non-fatal recurrent events in future as elevated 

hs-CRP levels predicted mortality in patients with stable ischemic heart disease (Crea et 

al. 2002). 

Blake and Ridker (2003) have shown that “elevated hs-CRP can predict risk of 

cardiovascular events (including death, acute myocardial infarction, and need for 

revascularization procedures) in patients with acute coronary syndromes (ACS)”. “High 

CRP levels still predict an increased risk for development of symptomatic peripheral 

arterial disease and the occurrence of coronary events in both stable and unstable angina 

pectoris and even in apparently healthy persons” (Lagrand et al. 1999). CRP has been 

used to detect and assess the severity of systemic inflammation (Pearson TA, 2004). 
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Studies report that i). Chronic infections that cause a rise in circulating CRP also yield a 

higher risk for cardiovascular disease, ii). CRP is a cardiovascular risk factor even after 

correction for other risk factors and CRP can be found localized in inflamed tissues. 

(Lagrand et al. 1999) CRP predicts future risk for CVD, MI, CAD death, stroke, and 

PAD etc. independent of established risk factors and patients at intermediate risk of CAD 

might benefit from measurement of CRP (Vahdat K. 2007). Chronic infections elsewhere 

in the body are associated with an increased risk for cardiovascular disease; however this 

phenomenon needs elucidation (Danesh et al. 1997). These infections are likely to be 

associated with increased CRP levels. Hence, chronic infections may be associated with 

cardiovascular disease by a coinciding rise of plasma CRP due to elicitation of an acute 

phase response (Mendall et al. 1996; Toss et al. 1997).  

The CDC/AHA (Biasucci LM, 2004) guidelines for CRP testing suggest that 

values >10 mg/L indicate acute inflammation and have uncertain implications for 

vascular risk prediction. By using a
 
high sensitivity CRP assay and long duration of 

follow-up
 
demonstrated a modest increase in RR for all CVD outcomes studied

 
in persons 

with high levels of CRP (Wilson PWF, 2006).  The present trial showed that despite the 

use of CRP lowering drugs, CRP levels remained in “high-risk” range for CHD events 

that indicate attributable risk from other sources of systemic infection/inflammation 

(periodontal disease) that have induced /exaggerated CRP levels. 

  A meta-analysis of long-term prospective studies by Danesh et al. (1998) 

on inflammatory factors of fibrinogen, CRP and WBCs associated with subsequent risk 

of CHD showed a remarkably consistent indication of moderate but highly statistically 

significant associations with CHD. Fibrinogen has long been recognized as a primary risk 

factor for cardiovascular disease in healthy individuals (Earnst and Resch, 1993; Heinrich 

et al. 1994). It has been associated with morbidity and mortality in patients with stable 

coronary heart disease (Benderly et al. 1996). Increased plasma fibrinogen levels are 

associated with periodontitis (Bizzarro et al. 2007; Kweider et al. 1993; Montebugnoli et 

al. 2004) and odds ratio was 1.88 (95% CI: 1.25-2.83) for higher number of pockets 

(Schwahn et al. 2004).  Danesh et al. (1998) has reported leukocyte count as a causal 

relationship with CHD is particularly difficult to establish because leukocytes have such a 
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wide range of biological effects, some potentially protective against vascular disease and 

some potentially damaging”. “If some particular aspect of leukocyte activity was 

independently associated with CHD, the extent of this activity would not necessarily be 

associated with total leukocyte count, or even with the circulating levels of some specific 

type(s) of leukocyte” (Kannel et al. 1992). However epidemiological studies (Brown et 

al. 2001; Haim et al. 2004) have shown a link of WBC count with increased risk of CVD 

in primary and secondary prevention.  

5.7  CHANGES IN PERIODONTAL PARAMETERS AND 

CORRESPONDING CHANGES IN INFLAMMATORY 

PARAMETERS 

Regression analysis showed statistically significant correlations between changes in 

periodontal parameters and inflammatory mediators at individual levels in both study 

groups. A change in inflammatory parameters of CRP was significantly associated with 

changes in BOP (p=0.000, R
2
=0.26), PPD (p=0.000, R

2
=0.18), and CAL (p=0.020, 

R
2
=0.02). Change in fibrinogen was correlated significantly only with BOP (p=0.037, 

R
2
=0.01) and change in WBC counts showed a positive relation with BOP only (p=0.003, 

R
2
=0.34). 

Covariance analysis in study by D’Aiuto et al. (2005) showed a statistically 

significant treatment effect (p=0.003, R
2
=0.86). Buhlin et al. (2009) reported no 

significant correlations between periodontal clinical status and plasma variables tested at 

baseline and markers of systemic inflammation were not significantly different at 3-

month and 12 month follow-up. No correlation was observed for a difference in hsCRP 

levels in cases of stable ACS and recurrent ACS with respect to alveolar bone loss. Even 

proportions of probing pocket depths (≥6mm / 4.5mm / ≤4mm did not correlated with 

hsCRP. No correlation was reported between hsCRP and % sites of BOP. WBC counts 

and alveolar bone loss (defined by 10-50 levels) were significantly associated with ACS 

event. During the three-period, the medical interventions could prevent a recurrence of 

ACS in 60% of cases. In the present trial, CHD cases were not evaluated for recurrence 

of event/s after the first angiographic confirmation of their CHD. In contrast to the 

present trial, the regression analysis by Behle et al. (2009) showed that the changes in 
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inflammatory mediator levels correlated poorly and inconsistently with change in the 

clinical periodontal status after therapy,  

5.8  ROLE OF CRP-LOWERING AGENTS (THERAPEUTIC 

 DRUGS) 

Prasad K (2006) has reviewed trials conducted on effects of cardiovascular drugs 

on the levels of CRP in health and disease. He described that if studies suggest an 

association between CRP and CVDs, therefore CRP may be involved in the 

pathophysiology of CVDs and it could be expected that lowering of CRP levels would 

prevent the development of the CVD and its complications. Jian Shen et al. (2009) also 

described the response of hsCRP to therapeutic drugs. Plasma concentrations of CRP are 

lowered by treatment with pravastatin and aspirin. Jenkins et al. (2002) showed that 

patients prescribed with beta-blockers had significantly lower mean C-reactive protein 

concentrations than did patients in whom these were not prescribed (by 1.2 mg/L, or 40% 

difference in geometric mean concentration; P <0.001). Renvert et al. (2009) 

demonstrated that oral anti-inflammatory therapy decreased the hsCRP levels 

significantly and this effect was also reported by Mattila et al. (2002). Oral anti-

inflammatory drugs were not used in the present trial as the objective of this trial was to 

evaluate the role of non-surgical periodontal therapy only.  

The subjects of this trial were using aspirin, β-blockers, ACE inhibitor, calcium 

antagonists and lipid lowering agents including statins. All of these drugs have effect on 

CRP levels. Therefore in order to control their confounding role in the present trial; study 

subjects were monitored for any change in drug during the study period. This was also 

noted that despite the use of these drugs, 56% of subjects (groups A & B) were observed 

in CRP higher risk category (>3mg/L) at baseline. After periodontal therapy, a 55% 

reduction in subjects of this category was gained in intervention group. Periodontal 

therapy was equally effective in all subjects of intervention group irrespective of the 

systemic medicines used by the subjects. 

Effect of periodontal therapy on subjects using/not using lipid lowering agents 

however showed a significant improvement in periodontal and inflammatory parameters 
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that lead us to observe an independent role of periodontal disease elimination in lowering 

systemic inflammation. In a study by Bogaty et al. (2005) on stable CAD patients, CRP 

levels showed a fluctuation from 1
st
 to 2

nd
 examination in one month interval. The 

reported baseline value was 4.9±4.4mg/L and at one month the value was 3.7±2.9mg/L. 

The subjects were on aspirin (100%), β-blockers (73%), ACE inhibitor (53%), calcium 

antagonists (4%), statins (87%) and fibrates (13%). Seymour et al. (2003) have 

demonstrated effects of cardiovascular drugs on periodontal conditions and noted that 

calcium channel blockers (Nifedipine) cause gingival overgrowth, β-blocker or diuretic 

drugs has an inhibitory effect on calculus formation, patients on anticoagulants or 

antiplatelets are at increased risk of hemorrhage arising from procedures. These effects of 

cardiovascular drugs were controlled during the study period with the continuous 

supervision of cardiologist. 

5.9  EFFECT-SIZE OF PERIODONTAL THERAPY AND 

 CALCULATION OF  RISK REDUCTION 

Modern medical treatment of cardiovascular diseases is being increasingly 

directed towards modification of the inflammatory component of atherosclerosis 

(Johansen et al. 2008). Risk factors can be modified to reduce one’s risk of initiation or 

progression of disease (Garcia RI, 2009). Limited therapeutic success of anti-

inflammatory and other lipid lowering agents as evidenced by the presence of 56% 

population with CRP >3mg/L levels (in both groups A and B) of the present trial.  

A detailed and comprehensive assessment of a patient’s risk characteristic would 

appear to be essential to calculate individual risk more accurately, formulate prognosis 

and make informed treatment decisions (White BA, 2003). Understanding and 

quantification of risk for any given disease is based on an assessment of probabilities. In 

a group or population, this would represent an average risk or incidence proportion. 

Clinicians and patients would each have much to gain if the risk of disease occurrence 

and progression, and the probability of the individual patient’ prognosis could be 

determined (Garcia RI, 2009).  
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Causative factors can be verified with follow-up studies in large number of 

subjects (Yoshi et al. 2009). “The large number of various biological, environmental 

factors that influence the development and progression of a disease; the understanding 

and quantification of those factors in determination of their role in the initiation and 

progression of diseases can be challenging. There shall be an issue of finding the suitable 

means by which multiple factors can be judged to yield the best estimation of prognosis” 

(Nunn ME, 2003). An identification of specific risk factors in a given patient is valuable 

for predicting that patient’s clinical outcomes (Garcia RI, 2009). 

There is evidence on role of biomarkers in risk prediction of CVD but important 

question is to know the incremental value and best metrics to quantify the improvements 

in screening (De Lemos and Lloyd-Jones, 2008). Periodontal disease may be used as a 

predictor for quantification of systemic inflammation as the temporal association 

observed for CRP and PD with odds ratio of 1.33 (1.115-1.674) in men with periodontal 

disease was significant and there was no correlation in men without periodontal disease 

(Yoshi et al. 2009).  However it is to be explored that the elevated levels of acute-phase 

proteins are related to type of inflammatory stimuli or to the intensity of the individual 

response (Auer et al. 2002). A long-term predictive value of elevated CRP levels in 

documented CHD and angina patients has been recognized in literature (Thompson et al. 

1995; Haverkate et al. 1997; Kuller et al. 1996). Lynch et al. (1996) demonstrated that 

control for known CVD risk factors resulted in a substantial reduction in the CVD 

mortality. The magnitude of change in hsCRP levels in response to periodontal therapy in 

the present trial is similar to as reported for statins in large trial for cardiovascular 

mortality and morbidity (Ray et al. 2005). 

Periodontal disease, adequately defined and quantified, may be evaluated as 

potential adjunct to other CHD risk screening parameters. Yasny et al. (2010) has 

suggested a pre-operative dental screening is suggested for patients who undergo elective 

cardiothoracic or vascular surgery to ensure that any oral infection is diagnosed and 

definitely treated. Implementing such an effective and preventive approach can improve 

surgical outcome and overall patient health. Using the approach adopted by the National 

Cholesterol Education Program (NCEP, 1985) to calculate the risk for heart disease and 
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heart attack on the bases of seven variables of age, gender, smoking, total and high-

density lipoprotein cholesterol, systolic blood pressure, and current use of medication to 

treat high blood pressure; we may propose the use of “Gum-Disease Risk” as an 

additional variable in this program.  Abbate et al. (2000) has recommended the potential 

for identifying patients, at increased risk of future adverse events, by assessing the 

“inflammatory” state. This approach is appealing because it may also be useful in 

targeting more appropriate and specific therapy for such high-risk subjects.  

Several pharmacologic (eg. aspirin, statins) and lifestyle interventions (eg. weight 

loss, smoking cessation, regular exercise) known to reduce cardiovascular events rates 

have also been shown to lower levels of hs-CRP. Therefore, hs-CRP levels may also 

prove useful in targeting therapy for primary and secondary prevention (Fabijanic et al. 

2006). Buhlin et al. (2009) has stated that if a standard periodontal treatment could 

positively influence established risk markers for CVD, then this could be interpreted as 

sign of causality. Amabile et al. (2007) concluded in their study that PD was an 

independent predictor of CAD lesions in patients with CVRF. Their results suggest that a 

better therapy of PD might be beneficial in patients with CAD and potentially improve 

their prognosis. 

A randomized controlled clinical trial is recognized as the highest level of 

evidence for establishing the causal effect of treatment on a clinical outcome (Pihlstrom 

and Barnett, 2010).  Effect-size of periodontal therapy and risk reduction analysis for 

CHD was done in this trial using the CRP-risk scores and categorizing subjects before 

and after therapy. Calculation of relative risk (RR), absolute risk reduction (ARR), 

relative risk reduction (RRR) number needed to treat (NNT) and intention to treat (ITT) 

analysis helped us to evaluate the effectiveness of periodontal therapy in this trial. The 

analysis showed that periodontal treatment reduces serum CRP high-risk levels for CHD 

by 45% that is what the Paquette et al. (1999) concluded that subjects with periodontal 

disease were 45% more likely to have coronary heart disease. Data from a cohort study 

on PD and CHD conducted by DeStefano et al. (1993) showed a RR of 1.45 in subjects 

with periodontitis relative to those without periodontitis. In the present trial CHD patients 

with periodontitis were at higher risk (CRP >3mg/L) with RR of 1.81. This may be 
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assumed that these subjects of this clinical trial were at higher risk of recurrent CHD 

events. Data analysis of the present trial showed that periodontal treatment shall save 

18% of patients from having CRP levels high-risk for  CHD and one patient out of five 

(NNT=1/5) shall benefit from periodontal treatment. Intent-to-treat analysis also showed 

a significant reduction in the number of periodontitis-CHD patients with CRP high-risk 

category in intervention group as compared to the control as a result of periodontal. 

5.10  STRENGTHS OF STUDY 

Strengths of this study include its overall design, most relevant baseline data, 

insignificant difference in baseline characteristics between cases and controls, exclusion 

of all possible mutable confounding factors, allocation concealment, and 77% event 

follow-up response. Overall, there were no significant differences comparing subjects in 

intervention group with those in nonintervention group with regard to the primary and 

secondary outcomes of interest at baseline. On the basis of a lack of difference in baseline 

characteristics of intervention and nonintervention groups and 23% withdrawal, drop out, 

or exclusion from study was observed during the present trial; therefore a per-protocol 

analysis was done. However “intent-to-treat” analysis was also done to observe the 

difference in outcome measures between two groups in order to remove the bias caused 

by attrition of the study participants. In order to standardize the clinical trial, the 

Cochrane parameters of a) allocation concealment, b) randomization, c) blindness of 

examiner, and d) loss to follow-up for randomized trials were observed in the present 

trial. (http://www.cochrane.dk/cochrane/handbook.hbook.htm) 

Subjects of this trial were adequately defined for recruitment with respect to status 

of CHD and periodontitis.  Adequate measures of periodontal and inflammatory 

outcomes were used. An attempt was made to exclude any possible selection bias and 

effort was made to control possible confounders and to maintain no differences between 

subjects of groups A & B during follow-up period. 
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5.11  IMPORTANT FINDINGS OF STUDY 

Several findings were observed on the basis of unique aspects of the study. 1st, 

CRP was observed at elevated levels in middle age group with CHD (40-49 years) than 

the other subjects of study that is comparable to most previous studies which included 

older/younger subjects as reported by Sutter et al. (2001). 2
nd

, an adjustment for systemic 

conditions (by excluding all such cases) and smoking status was made by including 

non/former smokers in the trial, which is a major determinant of hsCRP concentration 

(Yoshi et al. 2009); 3
rd

, CRP as primary outcome parameter was measured in the whole 

cohort (groups A and B) at baseline and at two follow-up visits to observe its serum 

levels for a comparison. In conclusion, this study provides further support to previous 

reports (Sutter et al. 2001; Benderly et al. 1996; Saxena et al. 1986) on the association of 

CRP, fibrinogen with CHD in men and women.  

Despite the fact that subjects of this study were on anti-inflammatory, anti-

coagulant and lipid-lowering drugs which are claimed to lower hsCRP levels in serum 

(Prasad K, 2006). The results of this study prove that it is possible to control periodontal 

disease and lower serum levels of inflammatory mediators. A consensus statement by 

editors of Journal of Periodontology and American Journal of Cardiology reports that a 

direct causal relation between periodontitis and atherosclerotic CVD although not 

established, yet draw evidence from different studies, which suggest biologically 

plausible mechanisms for moderate to severe periodontitis to increase levels of systemic 

inflammation measured by hsCRP and other biomarkers. However treatment of moderate 

to severe periodontitis sufficiently reduces clinical signs of disease and also decreases the 

levels of systemic inflammatory mediators (Friedewald et al. 2009). This study provides 

further evidence on the direct causal association between moderate to severe periodontitis 

and coronary heart diseases working through systemic inflammation. On the basis of the 

observed findings of this study we may say that this trial.  

1. Presents data of moderate to severe periodontitis of CHD patients 

2. Provides evidence that despite the use of cardio-protective medications, 56% 

CHD patients with periodontitis were at high risk (CRP >3mg/L)  
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3. Provides evidence of increased levels of  systemic inflammation in CHD 

patients with moderate to severe periodontitis 

4. Provides evidence that non-surgical periodontal therapy reduces clinical signs 

(BOP, PPD, CAL) of periodontal disease 

5. Provides data support for effect of periodontal therapy on the reduction of 

systemic inflammatory mediators: hsCRP, fibrinogen, and white blood cells.  

5.12   LIMITATIONS 

Participants of this trial represent population of a developing country; subjects 

were with specific range of demographic characteristics (middle-age, low SES, male 

dominance); therefore generalization of findings of this trial to other populations may be 

restricted. 

5.13  LOSS TO FOLLOW-UP / DROP-OUT RATE OF STUDY 

 PARTICIPANTS 

Drop rate after active periodontal therapy has been reported to be 30% by general 

consensus, and the reasons for non-compliance are complex; vary for individual patients 

and for the same patient in altered circumstances (Tan A, 2009). Cochrane review groups 

typically have limits on loss to follow-up ranging from 10-30% (Lundh and Getzsche, 

2008). 

5.14  CONCLUSION 

This randomized clinical trial indicates that periodontal therapy of periodontitis 

by means of non-surgical conventional procedures of scaling and root planing (SRP) and 

periodontal maintenance through oral hygiene instructions (OHI) in CHD patients 

reduces systemic inflammatory markers of hsCRP, fibrinogen and WBCs. The favorable 

effect on hsCRP, WBCs and fibrinogen levels observed in this trial through estimation of 

effect-size of nonsurgical periodontal therapy may increase the clinical efficacy of 

periodontal therapy in cardiac patients. The reduction in systemic markers of CHD risk 

might lead to CHD risk reduction. Periodontal screening in conjunction with other 
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traditional /emerging CHD risk factors might help identify individuals who may benefit 

from prophylactic periodontal therapy. The data of this clinical trial may have 

implications for the designs of future trials of periodontal therapy for prevention of CHD.   

5.15  Recommendations 

1.  Further research is warranted to identify and explain the determinants which 

play role in the heterogenic inflammatory response of individuals after 

periodontal therapy. 

2.  Identification of subgroups with periodontitis who are amenable to systemic 

inflammatory response after periodontal therapy 

3.  Long term studies are needed to establish whether non-surgical periodontal 

treatment can significantly reduce CHD events in CHD patients of 

periodontitis. 
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Non-Surgical Periodontal Therapy
Lowers Serum Inflammatory Markers:
A Pilot Study
Syed Akhtar Hussain Bokhari,* Ayyaz Ali Khan,† Dimitris N. Tatakis,‡ Mohammad Azhar,§

Mohammad Hanif,i and Mateen Izhar¶

Background: Evidence suggests an association between
periodontal disease and coronary heart disease (CHD). C-re-
active protein (CRP), fibrinogen, and white blood cell (WBC)
counts are markers of inflammation, and their systemic levels
have been associated with CHD risk. This pilot study investi-
gated the effect of non-surgical periodontal therapy on sys-
temic levels of CRP, fibrinogen, and WBC counts in subjects
with CHD or no CHD (NCHD).

Methods: Twenty-seven angiographically defined patients
with CHD and 18 subjects with NCHD aged ‡40 years were
recruited for the study. Periodontal disease was measured
through the clinical parameters bleeding on probing (BOP)
and probing depth (PD). All subjects received non-surgical
periodontal therapy that included oral hygiene instructions
and subgingival scaling and root planing. Systemic levels of
inflammatory markers (CRP, fibrinogen, and WBC counts)
were measured prior to and 1 month after periodontal therapy.

Results: Seventeen subjects with CHD and 11 subjects with
NCHDcompleted the study.Subjectswith CHD orNCHDexpe-
rienced significant reductions in BOP (59% and 34%, respec-
tively; P <0.05) and PD (41% and 35%, respectively; P <0.05),
with non-significant intergroup differences (P >0.05). In all
subjects, CRP, fibrinogen, and WBC counts were reduced sig-
nificantly (21% to 40%) after periodontal therapy (P <0.05).

Conclusions: Periodontal treatment resulted in significant
decreases in BOP and PD and lowered serum inflammatory
markers in patients with CHD or NCHD. This may result in a
decreased risk for CHD in the treated patients. These findings
will allow pursuit of a large-scale randomized intervention trial
in this population. J Periodontol 2009;80:1574-1580.

KEY WORDS

C-reactive protein; coronary heart disease; fibrinogen; white
blood cells.

O
ral–systemic disease connec-
tions have become a major con-
cern because oral infections and

conditions may contribute to pathologic
processes elsewhere in the body.1-3 Poor
oral health, attributed primarily to peri-
odontal disease and associated tooth loss,
has been associated with an increased
risk for cardiovascular disease (CVD),
pulmonary diseases, diabetes, adverse
pregnancy outcomes, and all-cause mor-
tality.1-5 Given that non-communicable
diseases are the leading cause of death in
the world and the prediction that heart
diseases will be the major cause of death
in developing countries by 2020,6,7 the
association between periodontal disease
and CVD becomes particularly important
for developing countries with a high prev-
alence of periodontal diseases.8,9

There is strong evidence linking peri-
odontal disease with CVD5,6 and, more
specifically, coronary heart disease
(CHD).10-12 The association between
periodontitis and CHD has been the focus
of intense investigation over the last 15
years.13-22 Several studies indicated that
subjects with CHD have more periodon-
tal disease, regardless of whether it is
defined through attachment loss and
probing depth (PD);14 attachment loss
and tooth loss;17 PD and number of re-
maining teeth;18 bone loss and tooth
loss;19 bleeding on probing (BOP), PD,
andtoothloss;21orothercombinations.20,22

These associations were independent of
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established common risk factors, such as diabetes17,22

and smoking,15,19,22 or other CHD risk factors, such as
age,19,22 bodymass index, serum lipid chemistry, hyper-
tension, and demographic factors.22 The association be-
tween periodontal disease and CHD seems to be
independent of gender; men15,19,22 and women18 with
CHD were shown to have worse oral health compared
to those with no history of CHD (NCHD).

Despite the evidence for an association between
CHDandperiodontaldisease, the relationship remains
to be established as a causal one. Several pathophys-
iologic mechanisms are postulated to explain the as-
sociation between poor oral health and CHD, mostly
focusing on inflammatory and hemostatic factors.23

C-reactiveprotein(CRP),serumamyloidA,ceruloplas-
min, a1-acid-glycoprotein, and a1-antichymotrypsin
increase by two-fold in subjects with periodontitis or
CVD (angina, myocardial infarction, and stroke) and
by three-fold in subjects with CVD and periodontal dis-
ease.24 CRP isastrong marker andpredictorofCVD;25

it increases in patients with periodontitis compared to
periodontally healthy subjects26 and with coronary
calcification.27 Elevated levels of CRP and tumor ne-
crosis factor-alpha were reported with an increased
risk for the future development of atherosclerosis in
patients with periodontitis.28 Elevated levels of fibrin-
ogen are associated with CHD29 and periodontal dis-
ease.26 Elevated white blood cell (WBC) counts are
associated with a risk for CHD,30,31 and WBC counts
increase with the severity of periodontitis.29,32

Intervention studies28,33-37 showed the effects of
periodontal treatment on serum inflammatory and he-
matologic markers. Systemic levels of CRP,28,33-35

fibrinogen,37 and WBC counts38 are modified or de-
creased by periodontal treatment, suggesting that
periodontal therapy–induced changes in systemic in-
flammatory markers may reduce the body’s inflam-
matory load and, thus, modify/reduce the risk for
CHD. However, further research is necessary to estab-
lish the potential benefit of periodontal therapy on sys-
temic health as it relates to CHD.36

To the best of our knowledge, no intervention
study has addressed periodontal disease and serum
inflammatory markers in a population from this geo-
graphic location (Pakistan). The purpose of this pilot
intervention study was to examine the effect of non-
surgical periodontal treatment on serum levels of
CRP, fibrinogen, and WBCs in a population from a de-
veloping country and to obtain data that would allow
us to design a large-scale intervention study in the
same population.

MATERIALS AND METHODS

Study Design and Study Population
This was a non-randomized periodontal intervention
study in subjects with CHD or NCHD. The study was

conducted between February 2007 and April 2007.
Forty-five subjects (27 with CHD and 18 with NCHD)
fulfilling the following inclusion/exclusion criteria
were recruited. Patients with CHD were enrolled from
the Angiography Department, Punjab Institute of Car-
diology. All consecutive patients aged ‡40 years with
CHD confirmed through angiography and having
‡50% stenosis of at least one coronary artery as de-
fined by the American Heart Association (AHA)39

were invited to participate in the study. Patients de-
clared to have NCHD by the cardiologist were re-
cruited for comparison. Exclusion criteria included
the potential confounding factors of current smoking,
smoking within the last 6 months, diabetes, and
acute/chronic systemic diseases (e.g., influenza,
rheumatoid arthritis, chronic obstructive pulmonary
disease, or kidney disease); subjects taking antibi-
otics or anti-inflammatory drugs within the last
2 months; and pregnancy/lactation. Subjects with
gingival enlargement or acute oral infections were
also excluded. Individuals with CHD or NCHD having
‡20 teeth, excluding third molars, were included in the
study. Subjects developing any systemic/oral condi-
tions listed as exclusion criteria during the follow-up
period were exited from the study. Sociodemographic
information on age, gender, marital status, education,
income, employment status, smoking status, and
body mass index (BMI) was recorded. The study pro-
tocol was approved by the Sheikh Zayed Federal Post-
graduate Medical Institute and the Research Ethics
Committee of the Punjab Institute of Cardiology. Eth-
ical approval and permission for conduction of the
study were obtained from the Punjab Institute of Car-
diology. All recruited subjects provided written in-
formed consent.

Clinical Periodontal Parameters
The clinical periodontal parameters36 BOP and
PD were recorded for all teeth present, excluding
third molars. BOP was noted within 30 seconds of
probing 37 at six sites (mesio-buccal, mid-buccal,
disto-buccal, mesio-lingual, mid-lingual, and disto-
lingual) per tooth. PD was measured at four sites
(mesio-buccal, mid-buccal, disto-buccal, and mid-
lingual) using a Michigan O probe with Williams mark-
ings and was recorded to the nearest millimeter. BOP
and PD were recorded at baseline (pretreatment) and
at the 1-month post-treatment evaluation.

Treatment Protocol
All subjects received non-surgical periodontal ther-
apy, including oral hygiene instructions, scaling and
prophylaxis, and subgingival scaling and root plan-
ing.36 Oral hygiene instructions were given by a dental
hygienist. Scaling and root planing were provided in
two or three visits and completed within 10 days of en-
rollment. Local or topical anesthesia was provided to
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apprehensive subjects or subjects complaining of
discomfort/pain. Upon completion of periodontal
therapy, subjects received free toothpaste# and a
toothbrush,** and oral hygiene instructions were re-
inforced. Subjects were asked to call/visit the dental
clinic if any oral/systemic complication or concern
arose during the follow-up period. Subjects returned
for reevaluation 1 month after the last treatment visit.

Serum Inflammatory Markers
Tenmillilitersofbloodwasobtainedbyahospital phle-
botomist using venipuncture at the antecubital fossa.
Sampleswerecollectedatbaselineandat the1-month
post-treatment evaluation. Blood was collected in
tubes with clot activator, 3.2% sodium citrate, or
EDTA, for CRP, fibrinogen, or WBC analysis, respec-
tively. Samples for CRP and fibrinogen were centri-
fuged and stored (-20�C) until analysis. WBC counts
(· 109/l) were obtained within 4 hours of blood collec-
tion using an automated cell counter.†† CRP levels
(mg/dl) were analyzed using a high-sensitivity re-
agent.‡‡ Fibrinogen (mg/l) was analyzed using a com-
mercially available kit.§§ The tests were performed at
the Department of Pathology, Sheikh Zayed Federal
Postgraduate Medical Institute and Hospital.

Data Analyses
The subject was the unit of statistical analysis. BOP
and PD site measurements were calculated for the
whole mouth. Subjects were also grouped according
to CHD risk category based on cutoff CRP levels:
<0.10 mg/dl (low risk), 0.10 to 0.30 mg/dl (aver-
age risk), and >0.30 mg/dl (high risk).25 Proportions
were analyzed by the x2, McNemar, or Fisher exact
probability tests, as indicated. Continuous variables
(expressed as mean – SD) were analyzed by non-
parametric (Mann-WhitneyUorWilcoxonsigned-rank)
tests. P values £0.05 were considered statistically
significant.

RESULTS

Study Population
Twenty-eight subjects (17withCHDand11 with NCHD;
16 males and 12 females; age range, 40-50 years)
completed the study; 17 subjects (10 with CHD and
seven with NCHD) did not complete the study. Sub-
jects dropped out or were removed from the study
for the following reasons: tooth extraction (one sub-
ject with CHD); antibiotics prescribed for respiratory
tract infection (two subjects with CHD); unable to
make the 1-monthpost-treatment appointment (seven
subjects each with CHD or NCHD); due to work rea-
sons (four subjects with NCHD), family reasons (three
subjects with CHD and two subjects with NCHD), or
no reason provided (four subjects with CHD and one
subject with NCHD). The demographic characteris-
tics and medical history of the groups showed that

only income and history of hypertension were signif-
icantly (P <0.05) different between the subjects with
CHD or NCHD (Table 1).

Periodontal Parameters
Table 2 presents data on the periodontal parameters
before and after periodontal therapy. None of the sub-
jects who completed the study contacted the clinic to
report any post-treatment complications. There were
no statistically significant (P >0.05) differences be-
tween the groups for BOP or PD at baseline or post-
treatment. Both groups showed significant (P <0.05)
reductions in BOP and PD in response to therapy.
BOP was reduced by 59% and 34% in the subjects with
CHD or NCHD, respectively, whereas the correspond-
ing reductions in PD were 41% and 35% (Table 2). The
observed mean changes were not significantly differ-
ent between the two groups.

Systemic Inflammatory Markers
Table 3 presents the data on systemic inflammatory
markers before and after periodontal therapy in sub-
jects with CHD or NCHD. Only fibrinogen was signifi-
cantly higher in subjects with CHD at baseline (P =
0.022). CRP, fibrinogen, and WBC levels were signif-
icantly (P <0.05) reduced post-treatment in both
groups. In patients with CHD, CRP, fibrinogen, and
WBC counts were reduced by 24%, 40%, and 22%, re-
spectively; in subjects with NCHD, the corresponding
reductions were 21%, 33%, and 21%. Mean changes in
fibrinogen and WBCvalues were significantly (P <0.05)
greater for subjects with CHD than for those with
NCHD.

When study subjects were grouped according to
CRP-based risk categories, 21 subjects (13 with CHD
and eight with NCHD) were categorized as high risk,
and seven subjects (four with CHD and three with
NCHD) were categorized as average-low risk. Of the
28 subjects who completed the study, 26 had BOP
>20% at baseline. The pre- and post-treatment CRP
risk category changes for these 26 subjects were an-
alyzed further (Table 4).

When CRP risk level was stratified according to
post-treatment BOP levels, among 14 subjects who
achieved BOP £20% post-treatment, nine were in
the high-risk group, and five were in the average-
low–risk group, whereas among 12 subjects whose
BOP remained >20% post-treatment, seven were in
the high-risk group, and five were in the average-
low–risk group. The distribution was not significantly
different between the two groups of post-treatment
BOP values (P >0.05; Fisher exact probability test).

# Crota, Woodwards Pakistan Pvt, Karachi, Pakistan.
** Protect, Roomi Enterprises, Karachi, Pakistan.
†† Sysmex analyzer KX-21, Sysmex, Tokyo, Japan.
‡‡ RCRP Flex, Dade Behring, Milton Keynes, U.K.
§§ Biopool, Trinity Biotech, Wicklow, Ireland.
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DISCUSSION

The aim of this pilot investigation was to explore the
effect of non-surgical mechanical periodontal ther-
apy, without the use of local or systemic antimicrobial
agents, on the systemic inflammatory burden and to
obtain data that would allow the design of a large-
scale intervention study. The results of the present
study suggested that baseline systemic levels of
non-specific inflammatory markers (CRP, fibrinogen,
and WBC counts) in subjects with CHD or NCHD were
significantly reduced 1 month after non-surgical peri-
odontal therapy.

In the present study, non-surgical periodontal ther-
apy, without systemic or local adjunct antimicrobial

therapy, resulted in a significant improvement in the
recorded periodontal parameters. Achieving mean-
ingful periodontal treatment outcomes is an important
aspect of a trial seeking to establish the potential ben-
efits of periodontal therapy on systemic conditions.40

BOP is an informative parameter to estimate the se-
verity of gingival inflammation as well as the response
to treatment,41 and it is a clinical indicator of disease
progression and stability; BOP £20% of sites is asso-
ciated with a lower risk for periodontal attachment
loss.42 In the present study, BOP was significantly re-
duced 1 month after treatment, and the number of
subjects with BOP >20% of sites at baseline was re-
duced by almost half after therapy. Subjects with
CHD or NCHD experienced significant reductions in
BOP without any significant intergroup differences.
Similarly, all subjects experienced significant reduc-
tions in PD without any significant intergroup differ-
ences. The magnitude of PD reduction achieved in
the present study was consistent with published out-
comes.43 Only one study44 from the Indian subconti-
nent reported on the possible association between
periodontal disease and CVD. In a cross-sectional,
non-intervention study, Kaisare et al.44 showed that
serum lipids, mean PD, percentage of sites with
BOP, and oral hygiene were associated with acute
myocardial infarction in subjects from Goa, India.

The subjects with CHD or NCHD in the present
study differed with respect to income and hyperten-
sion; subjects with NCHD were more likely to have
higher income and less likely to have a history of hy-
pertension. These findings are consistent with the
known risk factors for CHD.45

In the present study, 1 month after mechanical ther-
apy, thecirculating levelsofCRP,fibrinogen, andWBC
counts were significantly reduced for all subjects. CRP
is a sensitive and reliable marker used to assess the
systemic inflammatory burden and is a good predictor

Table 2.

Pre- and Post-Treatment Periodontal Parameters

CHD (n = 17) NCHD (n = 11)

Parameters Baseline Post-Treatment

Mean

Change Baseline Post-Treatment

Mean

Change

BOP (% sites)
Mean – SD 48.0 – 18.9 19.7 – 10.8* 28.3 – 19.8 41.4 – 19.1 27.4 – 12.6* 13.9 – 16.7
Range 23.3 to 88.8 5.4 to 41.6 10.0 to 75.0 5.6 to 49.6

PD (mm)
Mean – SD 2.6 – 0.9 1.5 – 0.6* 1.1 – 0.8 2.0 – 1.1 1.3 – 0.6* 0.7 – 0.8
Range 1.2 to 4.2 0.4 to 2.6 0.8 to 4.0 0.6 to 3.0

* P £0.05; Wilcoxon signed-rank matched-pairs test (intragroup comparison).

Table 1.

Study Population Demographics

Variable

Subjects

With CHD

(n = 17)

Subjects

With NCHD

(n = 11)

Age (years; mean – SD) 45.1 – 4.0 43.7 – 3.7

Gender (male/female; n) 9/8 7/4

Marital status (married/single; n) 17/0 11/0

Education (no
education/primary
to higher; n)

10/7 6/5

Income (low/middle/higher; n) 11/6/0 2/7/2*

Employment
(unemployed/employed; n)

9/8 2/9

Smoking (non/former; n) 10/7 8/3

BMI (£ desirable/‡ obese; n) 10/7 7/4

Hypertension (yes/no; n) 14/3 4/7*

* P £0.05 (Fisher exact probability test).
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of coronary artery events. The decrease in CRP levels
after periodontal treatment observed in this study was
consistent with other studies.46,47 However, the signif-
icance of this short-term (1 month) reduction in CRP
levels is not clear. Elter et al.48 reported a significant
decrease in CRP at 6 months. When subjects were
grouped according to the AHA CRP risk categories,25

a reduction in the proportion of subjects in the high-
risk group was observed post-treatment. This was
non-significant, possibly because of the sample size
in this pilot investigation.

Fibrinogen is a main coagulation protein in the
plasma, an important determinant of blood viscosity,
and a cofactor for platelet aggregation. It was sug-
gested that the association of various persistent infec-
tions with CHD may be mediated through increased
fibrinogen.49AlthoughsubjectswithCHDorNCHDex-
perienced a significant reduction in fibrinogen levels,
subjects with CHD had greater baseline fibrinogen
levels and experienced a greater reduction after treat-
ment compared to the subjects with NCHD; this is in
agreement with published results.50 WBC count, a
crude marker of systemic inflammation associated

with the prediction of future cardiovascular events,51

was also significantly decreased for subjects with
CHD or NCHD.

There is evidence suggesting that periodontal dis-
ease may be a potential trigger of systemic inflamma-
tion49,52-54 and a source of the increase in the levels
of systemic inflammatory markers.36 The reported
higher plasma levels of CRP, fibrinogen, and WBCs
in patients with periodontal disease compared to peri-
odontally healthy subjects37 and the reduction in
levels as a result of periodontal treatment32,33,35,54

support the notion that periodontitis contributes to
the whole-body inflammatory burden.55 The findings
of the present study further support the hypothesis
that control of local inflammation can induce a reduc-
tion in the systemic acute-phase response.56 Peri-
odontal disease and CHD share the important risk
factors of smoking, diabetes, and obesity; they are
likely to coexist in many patients.48 Therefore, the
major risk factors of diabetes and smoking were ex-
cluded from the study. The role of traditional risk
markers for CHD, such as age, hyperlipidemia, hyper-
tension, and sedentary lifestyle, was not explored in
this pilot investigation. The potential effects of sys-
temic medication use over the period of observation,
a potential confounding factor, was not explored in
this pilot trial because all patients at the Punjab Insti-
tute of Cardiology are provided a 1-month regimen of
medications and given a 1-month follow-up examina-
tion. The statistically non-significant greater reduction
in inflammatory markers observed in subjects with
CHD compared to those with NCHD might reflect
the possible influence of systemic medications. The
present pilot trial did not include periodontal inclusion
criteria; this study limitation may have diminished the
possible systemic outcomes observed in response to

Table 3.

Pre- and Post-Treatment Systemic Levels of Inflammatory Markers

CHD (n = 17) NCHD (n = 11)

Inflammatory Markers Baseline Post-Treatment Mean Change Baseline Post-Treatment Mean Change

CRP (mg/dl)
Mean – SD 0.8 – 0.5 0.6 – 0.4* 0.2 – 0.2 0.6 – 0.5 0.5 – 0.3* 0.1 – 0.2
Range 0.2 to 1.9 0.1 to 1.4 0.1 to 1.6 0.1 to 1.0

Fibrinogen (mg/l)
Mean – SD 594.7 – 228.4 359.1 – 165.6* 235.6 – 133.5 389.5 – 135.0† 261.2 – 115.1* 128.4 – 118.1†

Range 125.0 to 940.0 95.0 to 650.0 185.0 to 600.0 123.0 to 469.0

WBCs (109/l)
Mean – SD 8.1 – 1.8 6.4 – 2.0* 1.8 – 1.2 7.1 – 1.3 6.6 – 0.9* 0.6 – 0.3†

Range 5.3 to 13.1 2.5 to 10.7 4.9 to 9.1 4.8 to 7.8

* P £0.05 for intragroup comparison (Wilcoxon signed-rank matched-pairs test).
† P £0.05 for intergroup comparison (Mann-Whitney U test).

Table 4.

Pre- and Post-Treatment CRP Risk Level

Subjects With BOP >20% at Baseline (n [%])

CRP Risk Level Baseline Post-Treatment

High risk
(>0.30 mg/dl)

19 (73) 16 (61)

Average-low risk
(£0.30 mg/dl)

7 (27) 10 (39)
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the provided periodontal therapy because subjects
with limited periodontal involvement were included.
The data obtained on the periodontal status of the sub-
jects with CHD or NCHD attending this institution will
be useful in determining the periodontal inclusion cri-
teria for the follow-up trial. The lack of a parallel con-
trol arm (periodontally untreated subjects) is a study
limitation; however, it was not feasible to conduct a
randomized controlled trial as part of a pilot study.

CONCLUSIONS

CRP, fibrinogen, and WBC counts, non-specific mark-
ers of systemic inflammation associated with an in-
creased risk for cardiovascular events,50,57 can be
reduced as a result of mechanical periodontal therapy
in a population from a developing country. The results
obtained in the present pilot study will allow the design
and implementation of a large-scale intervention trial
in the same population.
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Introduction

Cardiovascular diseases, a rapidly growing problem

around the world; share 31% burden of 47% deaths due to

non-communicable diseases in the Eastern Mediterranean

region.1 Pakistan is among the countries with high mortality

rates in the region, and cardiac disease data reported in

Pakistan shows a rise from 7 patients during 1944-48 to

100,000 in the year 2002.2

Important risk factors as an unhealthy diet (Low fruit

and vegetable intake) and lifestyle are contributing to 31%

of cardiac diseases globally.3 Psychosocial factors (Anger,

social isolation, depression) are reported to be associated

with increased morbidity and mortality from coronary heart

diseases.4 Sedentary lifestyle (72%) is reported to be an

important contributing factor for coronary heart disease in

Pakistani people.5

A healthy mouth is a premise for overall health.

When oral health is compromised, overall health can be

affected.6 Having less than 20 natural teeth is taken as

indicator of poor oral health.7 Cross-sectional studies,8,9

showed a significant association between missing teeth and

cardiovascular diseases. Overwhelming amount of

information is available in current literature on the

association of poor oral health and tooth loss to cardiac

diseases.10 Relative risk of 1.23 is reported for MI in

edentulous persons as compared to dentate people and

incidence of CHD in relation to less number of teeth with

RR of 1.32 as compared to persons with more teeth.11

Tooth loss has been marked as physical impairment

and disability.12 Poor oral health affects mortality, general

health, nutrition, digestion, social activities, quality of life

and well-being;13 and impact of poor oral health (Pain,

xerostomia, halitosis, and unattractive dentition) on oral

functions (chewing, smile, attraction) leads to poor self-

esteem, social isolation, and depression.14 Effects of loss of

teeth on physical, psychological, and social life and impacts

of chewing ability, talking to people, daily activities, self-

esteem, and oral health related quality of life (OHRQoL)

have been reported in the literature.15,16 These studies may

guide us to develop a concept that tooth loss itself and later

on its non-replacement (uncompensation) could contribute

to factors (psycho-social, stress) which are otherwise

associated with development of cardiovascular diseases.

This study attempted to observe the replacement of

missing teeth with artificial teeth in subjects with and

without cardiac diseases and find its possible association

with coronary heart diseases (CHD).

Patients and Methods

Consecutive cardiac patients aged 20 and above

diagnosed with coronary heart disease (CHD) admitted at

Punjab Institute of Cardiology during the month of April
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2004 were included in the study. Presence of artificial teeth

(oral prosthesis) was noted at bedside with the help of a

mouth mirror and tweezers. Healthy individuals, who

accompanied the cardiac patients as attendants and agreed

to be included in the study, were also examined for

comparison purpose. Verbal consent of the subjects was

obtained. Age and gender of subjects was noted as

demographic variables.

Presence of prosthesis was analyzed in the total

study population using SPSS version 11.5. Analysis was

done by grouping study subjects into cardiac and non-

cardiac groups and males and females. Summary statistics

was calculated through descriptive analysis; Chi-Sq was

applied for comparison of groups for oral prosthesis. T-test

was applied for calculation of mean of age.

Results

A total of 935 cardiac patients (20-88 years) with

mean age of 51.96±11.94 years and 759 healthy

individuals (20-85 years) with mean age of 49.79±11.98

years were among the total 1694 study subjects. There

were 1068 (63.14%) males and 626 (36.95%) females. Of

the cardiac patients, 665 (71.12%) were males and 270

(28.87%) were females, while 403 (53.09%) males and

356 (46.90%) females were among healthy subjects

(Table 1).

Table 2 presents data of oral prosthesis in study

subjects. Of the study population 1473 (86.95%) had no

artificial replacement for their missing teeth. Whereas 118

(12.65%) cardiac patients and 103 (13.57%) healthy

subjects had artificial teeth. Statistical association for

prosthesis among cardiac patients and healthy subjects was

insignificant.

Among CHD genders, prosthesis was found in 86

(8.05%) males and 32 (5.11%) females and 46 (4.30%)

healthy males and 57 (9.10%) healthy females had artificial

teeth. Statistical association for oral prosthesis among CHD

and healthy genders was also insignificant.

Discussion

Tooth loss is associated with poor diet intake,

malnutrition, loss of self-sufficiency, and deterioration in

quality of life.17,18 Tooth loss can substantially affect

chewing ability, health-related quality of life and

nutrition.19,20 Subjects without oral rehabilitation may suffer

from "effects & impacts" of tooth loss in terms of oral

infection, physical, psychological, social life, daily

activities, self-esteem that may contribute to stress and

hypertension12,15,21 leading to CVD.  These associations of

cardiac diseases and tooth loss (working through physical,

psychological, social and dietary/nutritional factors) may

have an indirect association with prevalence of oral

prosthesis. This postulated association between

uncompensated tooth loss and cardiac diseases was

investigated in this study.

The study found a high number of subjects with

uncompensated tooth loss in both cardiac and healthy

populations, however, no statistically significant

difference was observed between subjects with and with

out artificial teeth in both the cardiac and non-cardiac

individuals. These findings are in coherence with the

national findings where the prosthetic need in the

community is 93% for the 35-44 year old age group and

81% in the elderly.22

Although studies8,10,11 report an association of poor

oral health, tooth loss and higher levels of periodontal

disease with increased risk of CHD, no association between

incidence of oral prosthesis and cardiac diseases has been

reported. This study reports a similar result.

Conclusion

In this study no association of uncompensated tooth

loss with cardiac diseases was observed. Large majority of

the study subjects were found without oral prosthesis,

cardiac subjects showed a slightly higher percentage in lack

of prosthesis; but this difference was statistically

insignificant. 

4 J Pak Med Assoc

Table 1: Summary Statistics of CHD and Healthy subjects.

Variable CHD Healthy Total p-value 

N (%) N (%)

Study population 935 (55.14) 759 (44.80) 1694 ---------

Age-range 20-88 yrs 20-85 yrs 20-88 yrs

Mean Age (yrs) 51.96 ±11.94 49.79±11.98 0.0001

Genders

Males 665 (71.12) 403 (53.09) 1068 (63.4) 0.0001

Females 270 (28.87) 356 (46.90) 626 (36.95)

Significance = p<0.05

Table 2: CHD and Healthy subjects compared for prosthesis.

Variable CHD Healthy Total p-value 

935 759 1694

Prosthesis

Yes n (%) 118 (12.65) 103 (13.57) 221 (13.04) p>0.05

No n (%) 817 (87.37) 656 (86.42) 1473 (86.95)

--------------------------------------------------------------------------------------

Males (n=1068)

Prosthesis Yes n (%) 86(8.05) 46(4.30) 132(12.35)

Prosthesis No n (%) 579 (54.21) 357 (33.42) 936(87.64) p>0.05

Females (n=626)

Prosthesis Yes n (%)   32 (5.11) 57(9.10) 89 (14.21)

Prosthesis No n (%) 238(30.01) 299(47.76) 537(85.78) p>0.05

Significance = p<0.05
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Evidence based medicine — where do articles published in

local indexed journals stand?
Muhammad Amin Chinoy,1 Tashfeen Ahmad,2 Muhammad Tayyab,3 Soulat Raza4
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Abstract

Objective: The recent emphasis on using "evidence based medicine" for decision-making in patient care

issues has prompted many publishers to mention the level of evidence of articles in their journals. The

"quality" of a journal may thus be reflected by the proportion of articles with high levels of evidence, apart from

other criteria. We aimed to determine the level of evidence of articles in indexed Pakistani medical journals.

Methods: Two journals were selected: Journal of Pakistan Medical Association (JPMA) and Journal of

College of Physician and Surgeons, Pakistan (JCPSP). Based on the information in the abstracts, all articles

from 2003 and 2006 were categorized according to guidelines of Center for Evidence Based Medicine,

Oxford, UK.

Results: 882 items/articles were reviewed. Of these, 270 (31%) were scientific articles within which 51%

belonged to the "Therapeutic" and 25% to the "Prognostic" type. Only 27% had a high level of evidence (1

and 2) while a majority of 55% had level 4 evidence. Although there was a higher proportion of scientific

research articles in JCPSP than JPMA (36% vs. 25%), no major difference in the levels of evidence was

noted between the two journals, nor between 2003 and 2006. Moreover, the results were quite comparable

to similar international studies.

Conclusion: The level of evidence in articles in our leading local journals compares favourably with

international literature. We recommend that levels of evidence be stated with abstracts in local journals not

only to help the clinicians in making decisions on the best available evidence, but also to elevate the "quality"

of these journals (JPMA 59:5; 2009).



Abstract
Association of Oral and Systemic diseases has

gained importance because the high occurrence of oral dis-
eases is an extremely common source of infection.
Epidemiological Studies have presented periodontal dis-
eases as a risk factor for development of cardiovascular dis-
eases. A chronic oral infection such as periodontitis is a
constant potential source of infection and has now been con-
sidered as a separate risk factor for cardiovascular diseases,
cerebrovascular diseases, peripheral arterial disease and res-
piratory diseases as well as delivery of low-birth-weight
infants.

The possible pathways linking oral infections to sys-
temic diseases are metastatic infections, bacterial endotox-
ins, and systemic vascular injury. People with a history of
periodontal disease and/or tooth loss were found at higher
risk for Peripheral arterial disease (PAD) as compared to
those without periodontal disease and/or tooth loss. 

All studies on the relationship of periodontal dis-
eases to cardiovascular diseases are inconclusive and most
of the data is based on epidemiological studies. 

Introduction
Epidemiological Studies have presented periodon-

tal diseases as a risk factor for development of cardiovas-
cular diseases. The association between oral infection and
systemic diseases is not a new one. Chronic oral infec-
tions such as periodontal diseases are a constant potential
source of infection. The oral cavity and oropharynx have
been described as an "open mouth system" for bacteria
and other organisms to adhere to both shedding (soft tis-
sues) and non-shedding (teeth, restorations, dentures) sur-
faces.1 The mouth serves as a mirror of health or disease,
as an essential or early warning system, as an accessible
model for the study of other tissues and organs and as a
potential source of pathology affecting other system and
organs.2 The most common diseases of oral cavity are
dental caries and periodontal diseases and are taken as
measures of oral health status. Periodontitis, periapical
lesions, pericoronitis, and abscesses are the possible
sources of infection in the oral cavity. Many systemic dis-
eases, such as diabetes mellitus, cardiovascular diseases,

respiratory diseases and low-birth-weight infants are
related to oral infections. More recently epidemiological
studies have presented periodontal diseases as a risk fac-
tor for the development of Cardiovascular (CHD), cere-
brovascular diseases (Stroke), and Peripheral arterial dis-
ease (PAD) and this relationship has been reviewed here.
Association of Oral Infection to Systemic diseases
Herzberg quoted the Assyrians who proposed the effect of
oral health on the rest of the body as early as the seventh
century B.C.3 "Focal infection theory" was published in
1891 suggesting that microorganisms or their waste prod-
ucts gain entrance to parts of the body adjacent to or
remote from the point of entry.4 Other proponents of this
theory blamed oral foci of infection for a number of
regional and systemic diseases, ranging from tonsillitis
and middle ear infections to pneumonia, tuberculosis,
syphilis, osteomyelitis, endocarditis, meningitis, and sep-
ticemia.4 The "Focal infection theory" was not given any
attention until recent progress in identification and char-
acterization of periodontal pathogens, as well as elucida-
tion of potential systemic mechanisms of action of bacte-
rial products and inflammatory cytokines. This has
opened the way for a more realistic assessment of the sys-
temic importance of periodontal disease. Studies have
lent credence to the concept that periodontal disease may
be a separate risk factor for cardiovascular disease, cere-
brovascular disease and respiratory disease, as well as
delivery of low-birth-weight infants.5-8 However the
important issue is that oral infections often are only one
of the many confounding factors that can influence sys-
temic diseases.4

Periodontal diseases
Periodontal diseases have been prevalent throughout human
history, although without the obvious secular variations.9
Research and clinical evidence indicated that the damage
caused to the supporting structures of the teeth by periodon-
tal disease in early adult life is irreparable, whilst in the
middle adult life it destroys a large part of the natural denti-
tion and deprives many people of all their teeth long before
old age. The effects of periodontal disease on the 
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general health of the population are un-assessable.10

Inflammatory periodontal diseases constitute probably the
most common infections in the world. Gingivitis is present
in the great majority of adults throughout the world but is
most pronounced in developing countries. Moderate peri-
odontitis affects approximately 30% and advanced peri-
odontitis approximately 10% of the adult populations of
USA. Deep pockets are present in 2-18% of adults in west-
ern countries and at higher prevalence in developing coun-
tries.11

Periodontal diseases are currently thought to progress in
periodic, relatively short episodes of rapid tissue destruc-
tion.  Some people have frequent episodes of active disease
at many sites in their mouth, while others experience far less
active disease with signs of gingivitis and may be some
pockets but no loss of attachment over long periods. Its ini-
tiation and progression is influenced by a wide variety of
determinants and factors, including subject characteristics,
social and behavioral factors, systemic factors, genetic fac-
tors, tooth -level factors, microbial composition of dental
plaque and other emerging factors.12 Because periodontal
disease is common in the populations, it may account for a
significant portion of the proposed infection-associated risk
of CVD. Interestingly periodontal diseases share a number
of characteristics; old age, smoking, low education status,
diabetes and stress, all common with cardiovascular dis-
eases.13

Cardiovascular Diseases (CVD)
Cardiovascular Diseases (CVD) make up the most prevalent
category of systemic diseases in developed as well develop-
ing countries and are increasing with age.14

World Health Organization statistics in 1995 indicated that
CVD were responsible for 20% of deaths worldwide and in
some developing countries accounted for 50% of deaths.15

CVD has contributed to a third of global deaths. The low
and middle-income countries were responsible for 78% of
CVD deaths in 1999. By 2010 CVD is estimated to be the
leading cause of death in developing countries. 
1. Periodontal disease and Cerebrovascular Disease-
Stroke
The relationship of periodontal disease to ischemic stroke
has been evaluated in a number of studies. The outcome is
different across the reported studies, ranging from total
stroke to fatal stroke, nonfatal stroke and ischemic
stroke.5,6,16 The study of Beck and colleagues compared
men who had any type of stroke with men who did not
develop CVD during the follow up. They found a signifi-
cant association between periodontal disease and total
stroke: relative risk (RR) of 2.80.5 Wu and colleagues found
a possible association between periodontal disease and

ischemic stroke (RR=2.11); the risk was even higher when
limited to fatal stroke.16 Although studies have shown an
association between tooth loss or periodontal disease and
stroke, no two studies are consistent in defining the outcome
and exposure. Hence, no association has been truly replicat-
ed. It is difficult to rule out residual confounding variables,
as there are several common risk factors.17

2. Periodontal disease and Coronary Heart Disease
(CHD)
Periodontal disease is a chronic infection and may be asso-
ciated with inflammatory systemic conditions. A number of
studies provided a significant data and statistics to suggest
and support the relationship of periodontal disease to car-
diovascular diseases. Most of the risk factors for cardiovas-
cular disease are also regarded as risk factors for periodon-
tal disease.18

Mattila et al suggested a statistical association
between severity of coronary stenosis and dental infec-
tions. Data are compatible with hypothesis that oral infec-
tions might play a role in the development of adverse car-
diovascular outcomes. Studies conducted by Beck et al and
Arbes et al also provided some support to the hypothesis
that periodontal disease and tooth loss might play a role in
the development of CHD.18,19 However likelihood of con-
siderable residual confounding remains there in all these
studies. 

Hujoel et al presented a negative association
between periodontal disease and subsequent CHD in
first National Health And Nutrition Examination
Surveys (NHANES-I) longitudinal study with a 21 years
follow-up.20

Periodontal disease and Peripheral Arterial Disease
(PAD)
PAD shares a common underlying pathological change, ath-
erosclerosis, with coronary heart diseases and stroke. Very
few studies have been reported on the relationship of peri-
odontal disease to PAD. 

In a cohort study of 51529 health professionals aged
40-75 including 29683 dentists conducted between 1986-
1998, tooth loss and periodontal disease experience was
recorded through self reported biennial questionnaires.21 A
total of 342 cases of PAD (255 definite and 87 probable)
were recorded. In this multivariate model age, smoking,
alcohol, family history of myocardial infarction, multivita-
min supplement use, vitamin E intake, history of hyperten-
sion, diabetes, hypercholestrolemia and the profession (den-
tist/nondentist) were adjusted and updated on the basis of
biennial questionnaires. Periodontal disease was also taken
as a causative factor for tooth loss. From the study it was
concluded that men with a history of 
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periodontal diseases or any tooth loss during follow-up had
a significantly higher risk of PAD than men without any
periodontitis or without any tooth loss. Incident tooth loss
was significantly associated with PAD, especially among
men with periodontal diseases. In a follow up study on 1030
subjects of 25-30 years, Mendez et al reported that subjects
with clinically significant periodontal disease at baseline
had a relative risk of 2.27 of having PAD.22

Mechanism for the proposed Periodontal infection and
CHD / Stroke association
Infection has been recognized as a risk factor for atheroge-
nesis and thromboembolic events.22 Gram-negative bacteria
or the associated lipopolysacchride (endotoxin), when pre-
sented as a systemic challenge in animal models, can induce
inflammatory cell infiltration into major blood vessels, vas-
cular smooth muscle proliferation, vascular fatty degenera-
tion and intravascular coagulation. The remarkable similar-

ities of bacterially induced vascular pathology, natural his-
tory of atherogenesis has led certain investigators to suggest
that, in addition to genetic, lifestyle and dietary influences,
infections of unknown origin may contribute to the
observed cardiovascular pathology. The chronic inflamma-
tory burden of periodontal infection and the host response
provide the bases for our hypothetical model of the
observed associations between periodontal disease and ath-
erosclerosis, coronary heart disease and stroke. The concep-
tual model is explained through Figure1.5 This model
emphasizes that among certain individuals there may be an
underlying hyperinflammatory trait in response to stimuli
that is manifest by an excessive production of pro-inflam-
matory cytokine and lipid mediators by monocytes and
other cell types.23

Four potential mechanisms by which periodontal
infections might contribute to the pathogenesis of CHD and

Figure. Proposed model. Source: Beck et al.5
LPS: Lipopolysacchride; PGE2: Prostaglandin E2; IL-1ß: inter-leukin 1ß; TNFa: Tumor Necrosis factor a; TxB2 : thromboxane B2
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stroke have gained importance. 1) Effects of Endotoxins in
the circulation, 2) Role of heat shock proteins, 3) Infection-
induced perturbations in lipid profiles, and 4) Formation of
acute-phase reactants.
1. Effects of endotoxins in the circulation 
The microflora associated with periodontal infections is a
rich source of endotoxins, which are lipopolysacchride
(LPS) components of the cell walls of all gram-negative
bacteria. Entry of endotoxins into the circulation can occur
from many sources including respiratory infections (C.
Pneumonae), gastric ulcers (H.Pylori), and periodontitis (P.
gingivalis, A. actinomycetemcomitans, B. forsythus, etc).
Once endotoxins enter the circulation they present a consid-
erable threat to the well-being of the host. They can direct-
ly injure endothelial cells24, promote adhesion of monocytes
to endothelium21, induce macrophage foam cell forma-
tion25, and cause general endothelial dysfunction.26 All of
these effects play a significant role in the initiation and
development of atherosclerosis.27 One of the primary fea-
tures of acute occlusion of vessels in CHD and Stroke is the
disruption of existing atherosclerotic plaques by
macrophage-mediated inflammation.28

2. Role of heat shock proteins
Heat shock proteins (Hsp) are produced by a wide variety of
bacteria and human cells under a variety of stressful or
harsh conditions such as high temperature, infection,
inflammation, and mechanical stress.29 It is well established
that endothelial cells produce Hsp under stressful conditions
such as exposure to endotoxins.30

3. Infection-induced perturbations in lipid profiles
It known from some studies that hyperlipidemia frequently
accompanies many bacterial infections.27 Low doses of
endotoxins cause a rapid rise in serum triglycerides due to
an increase in triglyceride-rich very-low-density lipoprotein
(VLDL).31 Hyperlipidemia may have negative effects such
as promoting the release of proinflammatory cytokines from
neutrophils. It is interesting to note that hyperlipidemia
occurs during periodontal infections.32 Cytokines like IL-I ,
IL-6, and TNF-  have been implicated as risk factors for
CHD and prolonged hyperlipidemia is likely to have delete-
rious clinical effects.33

4. Formation of acute-phase reactants
Acute phase reactants appear in the circulation in response
to infections and tissue injury. C-reactive protein (CRP) is
of particular interest since at "high -normal" levels it has
been shown to be an important risk factor for CHD and is
also elevated in patients with extensive periodontal dis-
ease.34 It remains to be determined if CRP elevations occur-
ring during periodontal infections play a role in atheroscle-
rosis.

Conclusion and Recommendations
The findings of epidemiologic studies conducted on

the relationship of periodontal disease to cardiovascular dis-
ease are inconsistent and lead to conservative conclusion.
Studies do not prove a causal relationship rather present
periodontal disease in weak association as one of the con-
founding factors. The studies show a lack of control of con-
founding factors, residual confounders, and over-control of
cofounders. Although both periodontal and cardiovascular
diseases share common potential biological risk factors
(Diabetes) and behavioural risk factors (diet, smoking etc.),
the link between periodontal and cardiovascular diseases is
weak and it is a challenging task to prove the role of peri-
odontal disease in the etiology of cardiovascular diseases.
Intervention studies are needed to understand the role of
periodontal disease in the initiation and progression of car-
diovascular diseases. Longitudinal and Case-control studies
are also required to track down the association of both dis-
eases with well controlled confounding factors and outcome
measures for periodontal diseases. 
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ABSTRACT Associations of oral diseases with noncommunicable diseases such as diabetes, 
cardiovascular diseases, chronic respiratory diseases, osteoporosis and chronic renal failure are widely 
reported in the literature from developed countries. Commonality of risk factors, changes in systemic 
inflammatory mediators and body metabolism play a role in this association. This paper reviews current 
knowledge on the burden and association of oral and systemic diseases, and highlights the paucity of 
information and research from the Eastern Mediterranean Region and other developing countries. A 
call is made for further research to understand the status and significance of oral–systemic disease 
associations and develop guidelines for their control in this Region.

العبء املتزايد لألمراض غري السارية: الدور املسهم ألمراض الفم فيه، منظور إقليم رشق املتوسط
سيد أخرت حسني بخاري، أياذ عيل خان

مة حول االرتباط بني أمراض  اخلالصـة: نُرشت تقارير عىل نطاق واسع يف األدبيات الصادرة عن البلدان املتقدِّ
الفم واألمراض غري السارية مثل السكري واألمراض القلبية الوعائية واألمراض التنفسية املزمنة وختلخل العظام 
يف  والتغريات  هذه،  اخلطر  عوامل  شيوع  من  كلٌّ  االرتباط  هذا  يف  هاماً  دوراً  ويلعب  املزمن.  الكلوي  والفشل 
الوسائط االلتهابية اجلهازية واستقالب اجلسم. ويستعرض الباحثان يف هذه الورقة املعارف حول عبء وارتباط 
األمراض اجلهازية وأمراض الفم، ويوضحان قلة املعلومات والبحوث يف إقليم رشق املتوسط والبلدان النامية 
بني  االرتباط  وأمهية  لوضع  أفضل  فهم  عىل  للحصول  البحوث  من  املزيد  إجراء  إىل  الباحثان  ويدعو   .األخر

األمراض اجلهازية وأمراض الفم وإعداد دالئل إرشادية ملكافحتها يف اإلقليم. 

Charge croissante des maladies non transmissibles : le rôle contributif des affections bucco-

dentaires. Le point de vue de la Région de la Méditerranée orientale

RÉSUMÉ L’association entre les atteintes bucco-dentaires et les maladies non transmissibles telles 
que le diabète, les maladies cardiovasculaires, les maladies respiratoires chroniques, l’ostéoporose et 
l’insuffisance rénale chronique fait l’objet d’une abondante littérature dans les pays développés. Les 
points communs entre les facteurs de risque, les modifications au niveau systémique des médiateurs 
inflammatoires et le métabolisme du corps humain jouent un rôle dans cette association. Cet article 
examine les connaissances actuelles sur la charge des maladies bucco-dentaires et systémiques 
et leur association, et met en lumière le manque d’information et de recherche dans la Région de la 
Méditerranée orientale et les autres pays en développement. Un appel à l’intensification de la recherche 
est lancé, afin que l’on comprenne l’importance et la signification de l’association entre maladies bucco-
dentaires et systémiques et que l’on définisse des lignes directrices permettant de lutter contre ces 
maladies dans la Région.
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Introduction

The world is facing an epidemic of chronic 
diseases, especially noncommunicable dis-
eases (NCD). Heart disease, stroke, cancer, 
diabetes and chronic respiratory disease are 
the leading causes of death in every region 
of the world [1]. In countries of the Eastern 
Mediterranean Region (EMR) 47% of the 
Region’s burden of disease is currently due 
to NCD, and this is expected to rise to 60% 
by the year 2020 [2]. It is predicted that by 
2020 these diseases will be causing 7 out of 
every 10 deaths in developing countries [3] 
and 60% of all mortality will be attributable 
to NCD [4]. Future decades will see dra-
matic changes in the health needs of poor 
and developing countries. In view of the 
estimates of the growing burden of NCD on 
the lives of poor people, greater recognition 
of the importance of NCD is needed [5]. 

Oral diseases are included among the 
World Health Organization (WHO) defini-
tion of chronic diseases [1], and the im-
portance of oral health is recognized as 
more than just healthy teeth: “the mouth is 
a mirror of health or disease, a sentinel or 
early warning system, an accessible model 
for the study of other tissues and organs and 
as a potential source of pathology affecting 
other systems and organs” [6].

Oral–systemic disease connections are 
not new and according to the American Den-
tal Association as many as 200 possible as-
sociations between systemic conditions and 
oral manifestations can be identified in the 
literature [7]. The relationship of poor oral 
health—mainly due to periodontal diseases 
and/or tooth loss—and increased risk of 
cardiovascular diseases (CVD), pulmonary 
diseases, diabetes, pregnancy outcomes, and 
all-cause mortality have become a constant 
issue of discussion in the current scientific 
literature [8]. These chronic systemic and 
oral diseases share many common risk fac-

tors such as heredity, age, sex, education, 
sedentary lifestyle, smoking, diet and obes-
ity [9]. Epidemiological and clinical studies 
identify a relationship between oral diseases 
and NCD, but the relationship has not been 
clearly established as a causal one. Several 
pathophysiological pathways of association 
are postulated to explain this relationship. 
Certain criteria for a cause–effect relation-
ship have been suggested which provide a 
direction for future investigations. 

The objective of this review article was 
to explore the literature for information on 
the status, association and burden of oral 
diseases in relation to NCD in developing 
countries generally and the EMR especially 
in order to review the body of global re-
search evidence about possible pathways 
of infection. The rationale of this review 
was to highlight the lack of information and 
research about the impact of oral diseases 
on NCD in this Region and to stress the 
importance of oral health issues in medicine 
in relation to the risk of NCD.

Research method

Online searches were made to find literature 
on oral diseases, e.g. dental caries, perio-
dontal diseases and tooth loss, and on NCD, 
e.g. CVD, diabetes, chronic respiratory dis-
eases, osteoporosis and renal complications. 
PubMed and websites of peer-reviewed 
journals, WHO, World Heart Federation, 
International Diabetes Federation and other 
health organizations were browsed to col-
lect the required information related to 
NCD and oral diseases. 

Burden of oral diseases

Oral diseases are prevalent globally. Dental 
caries and periodontal diseases, which have 
historically been considered the most im-
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portant global oral health burdens, vary in 
distribution and severity in different parts of 
the world [10]. The prevalence and severity 
of oral diseases is affected by age, sex, race, 
geographic area, socioeconomic factors, lo-
cal and systemic factors and methods of oral 
cleansing [11]. 

Dental caries affect 60%–90% of school-
children and adults in EMR countries. The 
average decayed/missing/filled teeth (DMF) 
score exceeds 2.00. The problem of missing 
teeth is reported to be smaller in industrial-
ized countries than in developing countries. 
Edentulism in those aged 65+ years is re-
ported as 7% for Egypt, 20% for Lebanon 
and 31%–46% for Saudi Arabia [12]. While 
there is research on missing teeth in EMR 
countries, e.g. from Jordan [13], in general 
data from the Region are sparse. Periodon-
tal disease is prevalent in all age groups; the 
current view is that some 5%–20% of any 
population suffers from severe generalized 
periodontitis, and moderate disease affects 
a majority of adults. If the minimum level 
of disease is defined as “one site of clini-
cal loss of attachment of 2 mm or more”, 
around 80% of all adults and over 90% of 
those aged 55–64 years are affected [14]. 
WHO data confirm that the problem of den-
tal caries continues to increase and that the 
prevalence of periodontal disease remains 
high in developing countries [15].

Oral disease and diabetes

A bidirectional relationship of diabetes 
and periodontal diseases is reported in the 
literature [16,17], as the presence of one 
condition tends to promote the other and 
periodontal disease is graded as the 6th most 
common complication of diabetes mellitus 
[18]. Greater prevalence, severity, extent 
or progression of periodontal diseases [19], 
greater tooth loss when compared with gen-
eral populations [18,20], higher incidence of 

dental caries [21] and poor oral health [20] 
are reported in diabetic patients. However 
there is insufficient evidence to determine 
a relationship between diabetes and higher 
risk for coronal or root caries [17]. 

The relationship between diabetes mel-
litus and periodontal disease has been ex-
plained in many ways. Oral infections serve 
as metabolic stressors that may exacerbate 
systemic disease [21] and bacterial products 
propagate an inflammatory response in 
the host through Toll-like receptors that 
induce an inflammatory cascade [22]. The 
physiological phenomena of impaired body 
resistance, vascular changes, altered oral 
microflora and abnormal collagen metabo-
lism found in diabetes may explain the 
association with periodontitis [23]. 

Oral disease and cardiovascular 

disease

Oral infections are associated with CVD as 
risk factors and this association is independ-
ent of the “classic” coronary risk factors 
[24]. One review of studies and several 
cross-sectional, case–control and follow-up 
studies report a positive association of poor 
oral health with CVD [12,25–29]. These 
include an association of periodontitis with 
carotid calcification and stroke [26]; of 
tooth loss and periodontal parameters (peri-
odontal pocket and clinical attachment loss) 
with cases of myocardial infarction and 
angina [27]; and of chronic periodontitis 
with future events of acute myocardial in-
farction [28]. But the associations of other 
oral health indicators, e.g. dental caries, 
presence of remaining teeth, dental plaque 
and dentures, with CHD deaths are not sig-
nificant [29].

The association between poor oral 
health and CHD is explained by changes 
in inflammatory and haemostatic factors 
[30]. Key inflammatory mediators [C-
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reactive protein (CRP), serum amyloid A, 
ceruloplasmin, alpha(1)-acid-glycoprotein 
and alpha(1)-antichymotrypsin] increased 
3-fold in patients with both CVD and 
periodontal disease [31]; CRP increases 
independently in patients with periodon-
titis [32] and coronary calcification [33] 
and is associated with increased risk for 
future development of atherosclerosis in 
periodontitis patients [34]. White blood cell 
counts increased with the severity of peri-
odontitis in both smoking and nonsmoking 
groups of patients [35]. Concentrations of 
pro-inflammatory markers (interleukin-1β, 
tumour necrosis factor-α, interleukin-2, 
interferon cytokine-у) were on average 
significantly higher in serum samples and 
gingival tissue biopsies from periodontitis 
patients than healthy controls [36]. Lipid 
profiles also showed that total cholesterol/
high-density lipoprotein cholesterol ratio 
was higher in patients with periodontitis and 
CVD [37]. 

Intervention studies have shown an in-
fluence of periodontal treatment in CVD 
patients by bringing changes in serum 
inflammatory and haemostatic markers, 
suggesting that prevention and control of 
periodontal diseases may play a role in 
the initiation and/or progression of CVD 
[34,38–40]. CRP levels were modified by 
periodontal treatment [41].

Oral disease and chronic 

respiratory disease

Recent studies provide evidence that oral 
infections may influence the initiation and 
progression of lung disease, but the link re-
mains controversial [42,43]. Joshipura has 
reported a high prevalence of dental plaque 
colonization of potential pathogens for bac-
terial pneumonia, an association of anaero-
bic pulmonary infection with periodontitis, 

an association of poor oral hygiene with 
chronic respiratory disease, an association 
of alveolar bone loss at baseline with subse-
quent pulmonary disease and systemic ac-
tivation of cytokines in periodontal disease 
[8]. Meta-analysis of 5 intervention studies 
on the relationship of oral hygiene and 
pneumonia showed that improvement in 
oral hygiene reduced incidence of nosoco-
mial pneumonia by on average 40% [44]. 

Oral disease and osteoporosis

The literature provides increasing evidence 
that osteoporosis is associated with peri-
odontitis and tooth loss [45], but the results 
are inconsistent. Reviews of studies dem-
onstrate a significant association between 
bone mass density of the mandible and 
peripheral skeleton, and a correlation be-
tween decreased mandibular bone mass and 
tooth loss [46,47], but this is not definitely 
proven. Bollen et al. reported an association 
of osteoporotic fractures with the number of 
teeth and with age [48]. Klemetti suggested 
that individuals with high mineral values 
in the skeleton seem to retain their teeth 
with deep periodontal pockets more easily 
than those with osteoporosis [49]. A case–
control study found no statistically sig-
nificant differences between osteoporotic 
patients for cortical width, panoramic man-
dibular index, alveolar crest resorption de-
gree, fractal dimension and the number of 
mandibular teeth, but there was a difference 
for cortical index [47].

Studies report that there is an association 
between edentulousness, periodontal disease 
and longitudinal changes in mandibular bone 
mass density [50]; that the present number 
of teeth are highly related to thoracic spine 
fracture and with latent osteoporosis [51]; 
and that a decrease in mandibular bone 
mass positively correlates with tooth loss in 
females, but not in males [52]. 
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Oral diseases and chronic renal 

failure

Data on the epidemiology of chronic re-
nal failure (CRF) are available for many 
European countries, but limited for other 
countries. Oral soft and hard tissues are 
significantly affected as result of CRF. 
Children with CRF have significantly fewer 
dental caries than healthy children due to 
the inhibitory effect of increased salivary 
urea levels, and an early effect of enamel 
hypoplasia is due to a defect of enamel 
development and mineralization [16,53]. 
As reported in many epidemiological and 
case–control studies CRF is associated with 
several oral manifestations, e.g. with oral 
infections, dental anomalies of delayed 
eruption and enamel hypoplasia in children 
and gingival enlargement in adults [16,54] 
and with poor oral hygiene and significantly 
higher plaque and calculus indices [55]. 
An increased risk of periodontitis has been 
reported in 80.6% of haemodialysis cases 
[56], and premature tooth loss and local-
ized suppurative osteomyelitis secondary 
to periodontitis in individuals receiving 
haemodialysis. CRF has also been associ-
ated with symptoms of xerostomia and 
reduced salivary flow [57,58]; oral uraemic 
malodour/bad taste [59]; and petechia and/
or ecchymosis and increased tongue coat-
ing and mucosal lesions such as uraemic 
stomatitis [60].

Possible pathways of association 

between oral disease and NCD 

Many pathways of association of oral infec-
tions and NCD have been postulated, e.g:
• Oral infections might contribute to the 

pathogenesis of CHD by the effects of 
endotoxins on the circulation; the role of 
heat-shock proteins; infection-induced 

perturbations in lipid profiles; and the 
formation of acute-phase reactants [61]. 

• Aspiration of saliva contaminated with 
oral bacteria, endotoxins, lipopolysaccha-
rides and enzymes promotes inflamma-
tion and infection of the lower respiratory 
tract and may develop to chronic obstruc-
tive pulmonary disease [62].

• Osteoporosis affects alveolar bone den-
sity that contributes towards a progres-
sion of periodontitis [63] that results 
in a weakening of the tooth socket and 
eventual loss of teeth [64].

• In diabetes the association with oral 
disease includes microvascular changes; 
changes in the components of the gingi-
val crevicular fluid; changes in collagen 
metabolism; an altered host response; 
alteration in subgingival flora; genetic 
predisposition; and monoenzymatic gly-
cation [65]. 

• In renal failure, oral infections corre-
late with markers of malnutrition and 
inflammation [66]; immunosuppression 
with cyclosporine A; reduced immuno-
deficiency [53]; and use of antihyperten-
sive calcium-blocking agents [56].

Discussion

A great volume of research is available in 
the literature about the association of oral 
disease with NCD such as diabetes or CVD. 
The global health challenge posed by the 
escalating burden of NCD in the developing 
world is well documented in various reports 
and publications [67]. Chronic diseases are a 
larger problem in low-income settings. Data 
on the global burden of NCD reveals a clear 
dominance of CVD, and research on chronic 
diseases in resource-poor nations remains 
embryonic [68]. A permanent threat of sys-
temic toxicity and injury may be anticipated 
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through bacterial endotoxins from oral ori-
gin entering the bloodstream, especially in 
patients with severe periodontal disease 
[69]. The emerging concept of “periodon-
tal medicine” highlights the importance of 
research into periodontal–systemic relation-
ships as a major source of potential contribu-
tory risk factors for systemic diseases [70]. 
Research on oral diseases is neglected and 
has a small share in the medical research 
work of developing countries. A stark il-
lustration of the divide between the devel-
oped and developing world is provided by 
expenditure on global health research. Of 
the US$ 70 billion spent annually, only 10% 
is allocated to poor countries that bear 90% 
of the world’s disease burden: the so-called 
“10–90 gap” [71]. 

Poor literacy rates and lack of awareness 
of disease symptoms in the population of 
developing nations results in worse disease 
outcomes [72]. People of South Asian de-
scent have one of the highest risks of CVD 
in the world. Thus it is likely that escalation 
of the global CVD epidemic will be most 
marked in Pakistan and India [73], and 
available data from the EMR shows that 
both men and women are at high risk [3]. 
Urbanization and industrialization bring 
changes in lifestyle that can affect oral 
and general health. Although oral health 
problems appear not to be life-threatening 
and have a low burden on daily life, when 
it comes to quality of life, oral and den-
tal conditions are characterized in terms 
of “impairment, disability and handicap” 
[12]. Like other NCDs, oral diseases such 
as periodontal diseases, dental caries and 
tooth loss are preventable and controllable 
through healthy behaviours and lifestyle 
changes. Prevention is the most effective 
way of combating CVD and other chronic 
diseases [73].

Abundant information about these chal-
lenging diseases and guidelines for preven-

tion and control are available for developed 
countries, while there is poor representation 
of research and literature from developing 
countries that have the greatest disease 
burden [71]. The volume of research and 
production of scientific knowledge in de-
veloping countries is negligible. Dental 
scientific literature productivity in EMR 
countries is estimated to be 2.46% of the 
total scientific literature [74]. 

Conclusion 

The literature provides evidence for an 
association with and contributory role of 
oral diseases to NCD, working through 
systemic pathophysiological phenomena. 
Understanding the association of tooth loss, 
periodontal disease and other oral health 
parameters with NCD remains uncertain 
until prospective controlled studies are con-
ducted. The studies available are largely 
from developed countries and few report 
any research on oral–systemic disease rela-
tionships from the EMR. The wide gap of 
representation of health issues between de-
veloped and developing countries needs to 
be addressed. This calls for attention from 
the WHO, World Bank and other interna-
tional research organizations to address the 
issue in developing countries where NCD 
are becoming more of a challenge. There is 
a need to include oral diseases in WHO’s 
STEPwise approach of disease surveillance 
while doing research on the prevention and 
control of NCD in countries at high risk 
of NCD and where relevant data on oral 
diseases is scarce [75]. It is important to 
establish a system of global surveillance of 
diseases based on the principles of equality 
of all people and health improvement as a 
common goal of humanity [76]. 
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January 26, 2009 
 
Dr. S. Akhtar Hussain Bokhari 
Associate Professor 
University College of Medicine & Dentistry 
The University of Lahore, Lahore, Pakistan 
 
Dear Dr. Bokhari, 
This is a letter of confirmation of your having completed a course on “Clinical Calibration of Periodontal 
Measurements” in March 2008.  The calibration exercise involved the following components: 

1. A self-study Powerpoint® tutorial, made by Dr. Claman on clinical calibration of periodontal 
measurements. 

2. One-on-one demonstration of technique by Dr. Claman for measuring probing depths (PD) and 
gingival margins (GM) on a mounted periodontal manikin. 

3. Demonstration of technique for periodontal measurements on students in advanced training in 
periodontics serving as subjects and Dr. Claman providing one-on-one instruction. 

4. Calibration using two patients who met inclusion and exclusion criteria for clinical calibration of 
periodontal measurements. For each patient there were:  

a. Two quadrants of intra-examiner calibration 
b. Two quadrants of inter-examiner calibration with Dr. Claman serving as the “gold standard” 

for measurements 
 
Below are the intra-examiner (within single examiner) and inter-examiner (between the individual being 
calibrated and the gold standard) results from your calibration session: 
Probing Depth  Within single examiner Between two examiners 
% of surfaces (time) for 
agreement within 1 mm 

90.5 % 83.3 % 

% of surfaces (time) for 
agreement within 2 mm 

97.1 % 93.7 % 

 
Gingival Recession Within single examiner Between two examiners 
% of surfaces (time) for 
agreement within 1 mm 

85.5 % 86.3 % 

% of surfaces (time) for 
agreement within 2 mm 

91.3 % 95.8 % 

 
Please feel free to contact me or Dr. Tatakis if you have any questions.  
  
Sincerely,  

 
Lewis J. Claman DDS, MS 
Associate Professor 
Division of Periodontology 
xc: Dr. D. N. Tatakis 

College of Dentistry 

 Section of Periodontology 
     305 West 12th Avenue 

            Columbus, OH 43210 
 

     Phone: 614-292-0371 
               Fax: 614-292-4612 



Influence of Periodontal treatment on serum inflammatory mediators: hsC-
Reactive Protein, Fibrinogen, and White Blood Cells in CHD Patients 

Screening Form (Exclusion criteria) 

Serial No: ---------------------------------------  Name: ------------------------------------ 

General/Medical 

1. Age ≤ 30 years-----------------------------------------------------------Yes   No 

2. Not fulfilling criteria of defined CHD case   Yes        No 

3. Fulfilling criteria of defined CHD case but diagnosed ≤ 3 months prior to start 
of study          Yes  
 No 
 
4. Current smoker        Yes        No 

5. Former smoker who does not smoke but who has smoked ≥ 1 cigarette 

 (or equivalent, in form of water pipe, pipe, cigar) in the last 12 months.  

           Yes      No 

6. Females pregnant or lactating      Yes       No 

7. Diabetes         Yes       No 

8. Rheumatoid Arthritis       Yes       No 

9. Rheumatic Fever        Yes       No 

10. SLE         Yes       No 

11. Malignancy        Yes       No 

12. Respiratory diseases       Yes       No 

13. Renal diseases        Yes       No 

14. Autoimmune diseases, fungal infections.     Yes       No 

, immunological deficiencies, etc 

15. Acute bacterial infection      Yes       No 



16. Acute viral infection (common cold, influenza, sinusitis)  Yes       No 

17. Orthopedic trauma        Yes       No 

18. Surgery         Yes       No 

19. Statins         Yes       No 

20. Systemic steroids        Yes       No 

21. Non-steroidal anti-inflammatory drugs    Yes       No 

22. Immunosuppressants       Yes       No 

23. Hormone replacement therapy     Yes       No 

24. Contraceptives        Yes       No 

25. Systemic antibiotic therapy in the last 2 months    Yes       No 

26. Unable or unwilling to comply with study procedures  Yes       No 

27. Unable or unwilling to be available for the duration of the study Yes       No 

28. Unable or unwilling to provide signed informed consent  Yes       No 

Oral/Periodontal 

1. < 14 teeth that can be periodontally evaluated (excluding 3rd molars) 

          Yes       No 

2. Having received any periodontal therapy within last 6 months Yes       No 

3. Topical/local antibiotic or anti-inflammatory therapy in last 6 months 

          Yes       No 

4. Acute oral infections       Yes       No 

5. Oral wounds, including recent (< 2 months) extractions  Yes       No 

6. BOP ≤ 20% of sites       Yes       No 

7. Not fulfilling criteria of defined periodontitis case   Yes       No 

 



Influence of Periodontal treatment on serum inflammatory mediators: hsC-
Reactive Protein, Fibrinogen, and White Blood Cells in CHD Patients 

Consent form for inclusion in study 

 

1. ID No:-------------------------------  2. Subject’s Name: -------------------------------------- 

2. Sex:----------------------------------- 4. Age:----------------------5. Contact:------------------ 

 

Dear Sir/Madam! 

You have been asked to participate in a research study because you have been diagnosed 

with CHD, and you might also have gum disease. The purpose of the study is to see if 

treating gum disease might help bring about changes in your body (serum) that could 

reduce your future risk of CHD. If you agree to take part in this study, you will either 

receive gum treatment immediately or after 8 weeks. You have 2 in 3 chances of 

receiving treatment immediately and 1 in 3 chances of receiving treatment after 8 weeks. 

Regardless, you will be asked to donate blood 3 times, i.e., at the beginning of the study, 

at 4-5 weeks and at 8 weeks. As part of the study, you will receive a periodontal 

examination (examination of gums and teeth) at the beginning of the study and at 4 and 8 

weeks. In addition you will receive (toothpaste, etc.) at the beginning of the study. You 

shall have following procedures for your Gum treatment------ 

Periodontal Treatment: Sub-gingival ultrasonic scaling 

Anesthesia:  Nill / Topical gel application / Infiltration anesthesia 

 

Risks of the Procedure:  Discomfort, pain, sensitivity, mild bleeding, etc." 

Patient has been explained and given instructions in written for his/her record. Nothing 

has been concealed from patient / care taker. It is believed that patient has understood the 

procedure.        

 

Doctor signature------------------------ 

Patient’s Consent:  

a. Doctor has explained me the condition of disease and procedure of treatment for the 

experimental research work of PhD thesis.  

b. Doctor has given me written information about the process of research and 

procedure of treatment. 

c. I accept to undergo the experiment procedure as explained to me. 

 

 

Patient / care-taker Signature--------------- 



S.No:----------------------              Data Form  Hosp.ID No: ---------------------- 
 

Influence of Periodontal treatment on serum inflammatory mediators: hsC-Reactive 
Protein, Fibrinogen, and White Blood Cells in CHD Patients 

General history 

1. Age: --------------------------------------------   

2. Gender: ------------Male (0) Female (1) 

3. Marital Status------------Un-married (0),     Married (1) 

4. Education: ----No Education (0),   Secondary (1), University (2) 

5. Income: ------------- ≤ 10000 (0),    10001-20000 (1),    >20000 (2) 

6. Work: -------- Non-skilled (0),     Skilled (1),   Professional (3) 

7. Smoking: ----Non-smoker (0),       Former Smoker (1) ------------------- cigarettes per day 

8. BMI:(Kg/M2)-------<25 = ≤Desirable (1)   25-30 =  Overweight (2),   >30 = Obese (3) 

Medical history 

1. Hypertension: -----No (0)  Yes (1) 

2. SBP/DBP--------------------------------------- (at time of periodontal treatment) 

3. Date of angiography -------------------------------------------------------------------- 

11: Angiographic results:   1 vessel (0), 2 vessel (1),  ≥3 vessel (2) 

12. Cardiac Procedures: Medicines (0),  PCI (1), CABG (2) 

13. Medicines in use: at - inclusion   2nd exam 3rd exam 

----------------- (0)  __________  _________ _________ 

----------------- (1)  __________  _________ _________ 

----------------- (2)  __________   _________ _________ 

----------------- (3)  __________   _________ _________ 

 ---------------- (4)  __________   _________ _________ 

----------------- (5)  __________   _________ _________ 

----------------- (6)  __________   _________ _________ 

---------------- (7)  __________  _________ _________ 

 



 

S. No: -------------------------               Date: ---------------------------    ID No: ------------------------- 

Oral / periodontal Examination (BOP, PPD and CAL)      Prev. Perio Th. Yes(0), No (1) 

1st Periodontal examination        Number of teeth present----------------------------------------------- 

                                              

                     7              6              5              4              3              2              1              1              2              3              4              5              6               7                          

 

 

                 7              6              5              4              3              2              1               1              2              3              4              5               6              7                        
 BOP =--------------------     %   Mean PPD = -------------------    Mean CAL = ------------------- 

No of sites with PD 4 mm = -----------------    No of sites with CAL 3 mm = ------------------ 

No of sites with PD 5 mm = ------------------    No of sites with CAL 4 mm = ------------------ 

No of sites with PD ≥6 mm = ------------------    No of sites with CAL ≥5 mm = ------------------ 

 
BOP 

                                             

                                          

PPD 
                                          

                                          

GM 
                                          

                                          

CAL 
                                          

                                          

 
BOP 

                                             

                                          

PPD 
                                          

                                          

GM 
                                          

                                          

CAL 
                                          

                                          



 

S. No: -----------------------            Date: ------------------------------    ID No: ------------------------- 
 

 
2nd  Periodontal Examination                      Number of teeth present---------------------------- 

                                   
            

                 7            6           5           4            3           2            1            1           2            3           4            5            6           7                          
  

 

 

 

               

        
        7           6            5           4            3            2           1            1            2           3            4           5             6           7                        

 

 

     7            6            5           4            3            2            1            1           2            3           4            5            6           7 

 

 

 

 
      7           6            5           4            3            2            1            1            2           3            4           5             6           7                        

 

 

  BOP =--------------------     % 

 

 

 

 

 
BOP 

                                       
   

                                       
   

 
BOP 

                                       
   

                                       
   



 

S. No: -----------------------   Date: -----------------------     ID No: ------------------------- 
 
3rd  Periodontal examination 4 weeks after 2nd examination        Number of teeth present--------------------------- 

                                   
       7              6             5               4              3              2              1              1              2              3              4              5               6              7                          

              
      7              6               5              4              3              2              1              1               2              3              4              5               6              7                     

  

BOP =--------------------     %   Mean PPD = -------------------    Mean CAL = ------------------- 

No of sites with PD 4 mm =------------------    No of sites with CAL 3 mm =------------------ 

No of sites with PD 5 mm =------------------    No of sites with CAL 4 mm =------------------ 

No of sites with PD ≥6 mm =------------------    No of sites with CAL ≥5 mm =--------------- 

 
BOP 

                                             

                                          

PPD 
                                          

                                          

GM 
                                          

                                          

CAL 
                                          

                                          

 
BOP 

                                             

                                          

PPD 
                                          

                                          

GM 
                                          

                                          

CAL 
                                          

                                          



 

S. No: --------------------------      Name: ---------------------------ID No: ------------------------- 
 

Periodontal follow-up record (examination/ treatment) 
 

Date Procedure Signature 

1st visit              

 

 

2nd visit 

 

 

3rd visit 

 

 

4th visit 

 

 

5th visit 

 

 

6th visit 

 

 

7th visit 

 

 

1st Periodontal Examination and Blood collection  

 

 

Periodontal treatment  

 

 

Periodontal treatment  

 

 

Periodontal treatment  

 

 

Periodontal treatment  

 

 

2nd Periodontal Examination and blood collection 

 

 

3rd Periodontal Examination and blood collection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 



 

 S. No: ----------------------- Name: ------------------------------Hosp. ID No: ---------------------- 

 

Serum Analysis Record for Inflammatory Mediators 

 

1st Analysis       

 

1. C-Reactive Protein: -------------------------------------------------------------------      

2. Fibrinogen: ----------------------------------------------------------------------------- 

3. White Blood Cells: ------------------------------------------------------------------- 

 

 

2nd Analysis            

 

1. C-Reactive Protein: -------------------------------------------------------------------      

2. Fibrinogen: ----------------------------------------------------------------------------- 

3. White Blood Cells: ------------------------------------------------------------------- 

 

 

 

3rd Analysis       

 

1. C-Reactive Protein: -------------------------------------------------------------------      

2. Fibrinogen: ----------------------------------------------------------------------------- 

3. White Blood Cells: ------------------------------------------------------------------- 



 



 

 



 

GENERAL AND ORAL HYGIENE INSTRUCTION 
 

Dear Patient 

We are thankful that you have consented to be included in this clinical trial. We hope you 

shall follow the protocol of study and show full compliance in maintaining good oral 

hygiene at home. Your cooperation in this regard shall be highly appreciated. 

General Instructions: 

1. Please visit the clinic on the scheduled day of appointment 

2. Don’t take any medicine by yourself and only use those prescribed by your 

Cardiologist  

3. Do inform at the following cell No:----------------------------- in case of emergency, 

hospitalization, or you fail to visit on the scheduled appointment 

4. You shall be paid Rs. 300/- ($ 3.00) as your travel expenses during the study period 

 

Oral Hygiene Instructions: 

1. Do rinse your oral cavity after all meals 

2. Brush your teeth twice a day (after breakfast and before going to bed) 

3. Use the provided brush  

4. ONLY use the provided tooth paste and don’t use any other tooth paste unless 

recommended by dentist of PIC dental clinic. 

5. Don’t use any mouth wash or any medicine locally in oral cavity; in case of 

emergency do inform us at the above cell numbers. 

6. Do visit PIC “dental clinic” in case of oral/dental problem. Dental services are 

provided FREE of COST to all cardiac patients. 
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