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Abstract
Atherosclerosis is a chronic inflammatory condition and infectious diseases are believed to 

contribute to its pathophysiology. Periodontitis is a chronic infectious disease of the supporting 

tissues of the teeth, and the epidemiological association with atherosclerosis is now beyond 

doubt. However causal mechanisms are still lacking; research suggests that bacteria from 

the periodontal lesions may enter atherosclerotic plaques. Alternatively, elevated CRP and a 

prothrombotic state in periodontitis contribute to exacerbation of atherosclerosis. Finally, the 

link may also be explained by polymorphisms in the ANRIL gene, which has been associated 

with both atherosclerosis and periodontitis. 

Previous studies used surrogate biomarkers to investigate the association between 

atherosclerosis and periodontitis, and to evaluate the effects of periodontal intervention. 

Unfortunately, more definitive cardiovascular parameters are still lacking, because of 

methodological difficulties in study design and ethical considerations. 



21

The association between periodontitis and atherosclerosis

2
Introduction
Cardiovascular disease is the leading cause of death and morbidity in the Western world. 

Atherosclerosis, a progressive disease characterized by the accumulation of lipids and fibrous 

elements in the large arteries, constitutes the single most important contributor to this 

growing burden of cardiovascular disease.[1] Over the past two decades, inflammation has 

emerged as an integrative factor for atherosclerosis. Inflammation can operate in all stages of 

this disease from initiation through progression and, ultimately, the thrombotic complications 

of atherosclerosis.[2] 

Periodontitis is a chronic multi-causal inflammatory disease of the supportive tissues of the 

teeth with progressive loss of attachment and alveolar bone.[3] Periodontitis is the most 

common oral disease and affects 10–30% of the general population, depending on age.[4] 

The first study that found positive epidemiological evidence for the association between 

periodontitis and atherosclerosis was in 1989 by Mattila et al.[5] Thereafter, in more recent 

years, remarkable pathological and epidemiological associations between these two diseases 

have been presented.[6]

This review summarizes the epidemiological and clinical evidence for the association between 

periodontitis and atherosclerosis and assesses the current state of knowledge regarding the 

suggested biological mechanisms to explain this association. A very important topic, with regard 

to the high incidence of both diseases, their economic costs to society and the potential impact 

on public health, if risk modification or therapeutic opportunities could be identified.[7]
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Methods
A literature search was carried out using MEDLINE with language restriction to English. 

We used free-text search terms and the Boolean operators “OR” and “AND”: [“periodontal 

disease” OR “periodontitis”] AND [“atherosclerosis” OR “atherosclerotic” OR “coronary heart 

disease” OR “cardiovascular disease”]. Additionally, we searched manually in the reference list 

of the articles, obtained by the electronic search, for other relevant articles.
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Biological mechanisms for the association between 
periodontitis and coronary heart disease
Several pathophysiological pathways have been suggested to explain the association between 

periodontitis and atherosclerosis. These pathways involve both direct and indirect mechanisms. 

Indirect mechanism: Increased level of systemic inflammation

Periodontitis is associated with increased levels of C-reactive protein (CRP), fibrinogen tumor 

necrosis factor-α, IL-1, Il-6, IL-8 and other acute phase reactants.[8] These inflammatory 

reactants promote systemic inflammation and are associated to atherosclerosis. In case of 

systemic inflammation, endothelial cells stimulated by these inflammatory reactants increase 

their expression of various leukocyte adhesion molecules. Once adherent to the activated 

endothelial layer, the monocyte moves between the endothelial cells to penetrate into the 

innermost layer of the arterial wall and initiates an atherosclerotic lesion. Once resident in 

the arterial intima, monocytes acquire the morphological characteristics of macrophages, 

undergoing a series of changes that lead ultimately to foam cell formation. These foam cells 

are lipid-laden macrophages and characterize the early atherosclerotic lesion. Macrophages 

within atherosclerotic plaques also secrete a number of growth factors and cytokines involved 

in lesion progression and complication.[2]

Indirect mechanism: Increased platelet activation

Periodontitis is associated with increased p-selectin and platelet activation.[9] P-selectin 

functions as a cell adhesion molecule on the surfaces of arterial endothelial cells and activates 

platelets, in response to inflammation. Periodontopathogens are able to directly cause activation 

of endothelial cells and platelets.[10] Since platelet activation contributes to a pro-coagulant 

state and constitutes a risk for atherothrombosis, platelet activation in periodontitis may partly 

explain the epidemiological association between periodontitis and atherosclerosis.[9]

Indirect mechanism: Molecular mimicry

Molecular mimicry has been raised as a possible mechanism linking periodontitis with 

atherosclerosis. Molecular mimicry is thought to occur when sequence similarities between 

foreign and self-proteins produce cross-activation of auto-reactive T- or B-lymphocytes that 

can lead to an autoimmune reaction and tissue damage. In this hypothesis, the induction 

and progression of atherosclerosis might be explained by the immune response to so-

called bacterial heat-shock proteins (HSPs). All cells express HSPs upon exposure to various 

forms of stress including inflammation. Concerning atherosclerosis, expression of host 

protective HSP on endothelial cells may be induced by a variety of factors including bacterial 

lipopolysaccharide, cytokines and mechanical stress.[11] The immune system may not be able 

to differentiate between self-HSP and periodontopathic bacterial HSP. Therefore, molecular 
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mimicry suggests that antibodies directed by the host to periodontopathic bacterial HSP 

may result in an autoimmune response to HSPs expressed on endothelial cells, resulting in 

endothelial dysfunction and development of atherosclerosis.[12]

Direct mechanism: Invasion of periodontal pathogens into atherosclerotic plaques

Bacteremia that originates from the mouth is a common event that occurs multiple times 

a day while chewing and tooth brushing, especially in patients suffering gingivitis and 

periodontitis.[13] Periodontal pathogens (i.e. Porphyromonas gingivalis, Aggregatibacter 

Actinomycetemcomitans, Prevotella intermedia, Treponema denticola and Eikenella 

corrodens) enter the circulation via the gingival sulcus. These periodontal pathogens adhere to 

and invade in vascular endothelial cells. Infection of these endothelial cells by the periodontal 

pathogens (in particular Porphyromonas gingivalis) induces a procoagulant response that 

might contribute to formation of an atherosclerotic plaque.[14] Moreover, periodontal 

pathogens have been found in atherosclerotic plaques.[15]

Potential genetic mechanism

The recent identification of a shared genetic locus, ANRIL, for periodontitis and atherosclerosis 

is a factor of unknown influence, but could be even more important than the above 

proposed biological mechanisms.[16] The function of ANRIL and its role in periodontitis and 

atherosclerosis is still lacking. 

Epidemiological evidence for the association between 
periodontitis and atherosclerosis
Several epidemiological studies have confirmed the association between periodontitis and 

atherosclerosis. The first study that found positive epidemiological evidence for this association 

was in 1989 by Mattila et al.[5] Bahekar et al.[17] recently summarized the subsequent studies 

in a systematic review revealing five prospective cohort studies (follow-up >6 years), five case-

control studies and five cross-sectional studies. Meta-analysis of the five prospective cohort 

studies (86092 patients) indicated that individuals with periodontitis had a 1.14 times higher 

risk of developing coronary heart disease (CHD) than the controls (relative risk 1.14, 95% CI 

1.074–1.213, P < 0.001). The case–control studies (1423 patients) showed an even greater 

risk of developing CHD (OR 2.22, 95% CI 1.59–3.117, P < 0.001). The prevalence of CHD in 

the cross-sectional studies (17724 patients) was significantly greater among individuals with 

periodontitis than in those without periodontitis (OR 1.59, 95% CI 1.329–1.907, P < 0.001). 

The individual studies could well be adjusted for confounding factors, because of the extensive 

documented impact of many prevalent risk factors, shared by periodontitis and CHD. These 

shared risk factors include increasing age, male sex, race/ethnicity, education and socio-

economic status, stress, smoking, alcohol abuse, diabetes mellitus and overweight.[18,19]
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Clinical evidence in the literature for the association between 
periodontitis and atherosclerosis

Observational studies using surrogate endpoints

Periodontitis can correctly be diagnosed and controlled by intra-oral examination (gingival 

bleeding, pocket-depth, loss of attachment and microbiological sampling or analysis) and 

dental X-ray (loss of alveolar bone). However, to strictly diagnose atherosclerosis, there is 

a need of invasive techniques such as angiography of the coronary arteries. Today, several 

surrogate biomarkers and imaging tools for atherosclerosis are in clinical and experimental use. 

Since inflammation has emerged as an integrative factor for atherosclerosis, epidemiological 

studies have found increased vascular risk in association with increased levels of inflammatory 

biomarkers such as cytokines (IL-6, TNF-α), cell adhesion molecules (P selectin) and acute-

phase reactants (CRP, fibrinogen), which are elevated in periodontitis patients.[8] Growing 

evidence indicates that elevated circulating inflammatory markers, in particular CRP, are 

predictors for an unfavorable course, independent of the severity of the CVD or inflammatory 

burden.[2] Paraskevas et al.[20] showed in a meta-analysis of 10 cross-sectional studies that 

the weighted mean difference of CRP between periodontitis patients and controls was 1.56 

mg/l (p < 0.00001).

Besides, there are a number of other non-invasive surrogate subclinical markers of cardiovascular 

disease, focused on the endothelial function and arterial stiffness, including measurement 

of the carotid arteries, echocardiography, ankle-brachial index, flow-mediated dilation (FMD) 

in the brachial artery and pulse waveform analysis.[21] Söder et al.[22] found significantly 

higher mean values of the common carotid artery intima-media thickness (IMT) and calculated 

intima-media area (cIMA) in patients with periodontitis than in controls, both at the right (P 

< 0.01 and P < 0.001, respectively) and left side (P < 0.001 for both variables). Carotid IMT 

increase is associated with a raised risk of CHD.[23] Endothelial dysfunction precedes clinical 

manifestation of atherosclerosis. Flow-mediated dilation (FMD) of the brachial artery assesses 

the endothelial function and is decreased in subjects with atherosclerosis. Amar et al.[24] 

displayed that subjects with advanced periodontitis had lower FMD compared with control 

patients (7.8 +/- 4.6% versus 11.7 +/- 5.3%, P = 0.005).

Observational studies using hard endpoints

Only a few studies considered periodontitis with hard endpoints of atherosclerosis such as first 

occurrence of death from CHD, hospitalization due to CHD, or revascularization procedures. 

Hujoel et al.[18] studied a total of 8032 dentate adults aged 25 to 74 years with no reported 

history of cardiovascular disease. After adjustment for known cardiovascular risk factors, 

periodontitis was associated with a non-significant increased risk for CHD event (hazard ratio, 

1.14; 95% confidence interval, 0.96–1.36). Jansson et al.[25] found in a prospective study with 
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a sample of 1393 subjects, after a follow-up of at least 20 years that the extent of bone loss 

due to periodontitis was a risk indicator of death due to CHD. For individuals younger than 

45 years of age, the age-adjusted incidence odds ratio of death due to CHD was 2.7 (p = 0.04) 

if subjects with mean marginal bone loss of >10% were compared with subjects with mean 

marginal bone loss < or =10 %.

Clinical trials concentrated on atherosclerotic risk reduction after periodontal 
treatment

Whether or not periodontal treatment reduces the risk for atherosclerosis or complications of 

atherosclerosis have not yet been established. The majority of the intervention trails, aimed to 

study this purpose, has examined the effect of periodontal treatment on markers of systemic 

inflammation or surrogate biomarkers of atherosclerosis. A recent meta-analysis on C-reactive 

protein in relation to periodontitis has indicated that periodontal treatment resulted in a 

weighted mean reduction in serum CRP of 0.5 mg/l (95% CI 0.08–0.93, p = 0.02). This reduction 

leads to clinical relevant improvements in systemic inflammation.[20] Tonetti et al.[26] sought 

to assess the effect on intensive periodontal treatment on endothelial function measured by 

FMD of the brachial artery. Twenty-four hours after treatment, FMD was significantly lower 

in the intensive-treatment group than in the control-treatment group However, FMD was 

greater in the intensive-treatment group than in the control-treatment group 60 days after 

therapy (absolute difference 0.9%; 95% CI, 0.1 to 1.7; P = 0.02) and 180 days after therapy 

(difference, 2.0%; 95% CI, 1.2 to 2.8; P < 0.001). The degree of improvement was associated 

with improvement in measures of periodontal disease. A recent pilot study reported the effect 

of periodontal treatment on changes in carotid IMT. A group of healthy subjects suffering from 

mild to moderate periodontitis was treated with root debridement. Six and twelve months 

after treatment, IMT was significantly decreased at different locations in the carotid artery.[27]
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Conclusion
The association between periodontitis and atherosclerosis is of great public health importance 

because of the high prevalence of both diseases and the potential impact on public health 

if risk modification or therapeutic opportunities could be identified. Extended review of the 

literature focused on this subject suggests that periodontitis is associated with atherosclerosis, 

independent of known confounders. Previous studies use surrogate biomarkers in order to 

investigate the association between periodontitis and atherosclerosis. Unfortunately, more 

definitive cardiovascular parameters and endpoints are still lacking. 

Several biological pathways have been suggested to explain this association; however, causal 

mechanisms are still not demonstrated. Polymorphisms in the ANRIL gene, which has been 

associated with both atherosclerosis and periodontitis, might be an important factor.

Several studies have evaluated the effects of periodontal treatment on endothelial function, 

in particular improvement of the cardiovascular condition through an increase of flow-

mediated dilation (FMD) after periodontitis intervention has been observed. However, 

these studies utilize the brachial artery, which is a surrogate for the condition of coronary 

arteries. Besides, only subjects with severe periodontitis have been included in these clinical 

trials of periodontal therapy and endothelial function improvement. Therefore, there is still 

no available evidence that periodontal treatment improves endothelial function in subjects 

affected by the more prevalent forms, i.e. slight or moderate periodontitis. Studies exploring 

the effects of periodontal therapy in atherosclerotic patients with periodontitis are needed 

because treatment studies with periodontitis patients without atherosclerosis have shown 

benefits for cardiovascular system. However, due to ethical reasons, it is not possible to do 

intervention RCTs, treating periodontitis in an experimental group and using an untreated 

control group, with longitudinal follow up to score cardiovascular events. In conclusion, 

further studies are required to identify clinical relevant aspects of the association between 

periodontitis and atherosclerosis. Well-designed interventional trials should demonstrate the 

short-term and longitudinal effect of periodontal treatment on the emergence and progress of 

atherosclerosis and cardiovascular events. 
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