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Atherosclerosis is the most common cause of myocardial infarction and 
ischemic stroke. Various risk factors have been identified for 
atherosclerosis. Recently, bacterial and viral organisms, which are 
involved in chronic inflammatory processes, have been also implicated in 
atherosclerosis development. Individuals with a prior history of 
periodontal diseases and/or tooth loss are considered to be at a higher 
risk for peripheral arterial disease, compared to those without periodontal 
diseases or tooth loss. Evidence suggests that periodontitis contributes to 
the overall burden of infection and inflammation and may lead to 
cardiovascular events and stroke in susceptible patients. In this article, we 
aimed to review the available data on the relationship between 
periodontal diseases and cardiovascular diseases, especially coronary 
artery disease. At least sixty papers were reviewed during 2014-15. Of 
these, 44 were included in our study. 
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Introduction
Periodontitis is a localized, chronic 

inflammatory disease, which is induced by 
bacteria and destroys both connective tissues and 
the supporting bone of the teeth. In the general 
population, the prevalence of severe periodontitis 
has been estimated at nearly 5% (1).  

Initial epidemiological evidence suggests an 
association between periodontitis and coronary 
artery diseases (CADs). Systemic bacteremia, 
systemic inflammation, and immune-mediated 
reactions constitute a triad of mechanisms, 
supporting the link between periodontal and 
vascular damages (2,3). However, it is still 
unclear to what extent these periodontitis-
mediated components contribute to vascular 
damage.  

After more than 20 years since the initial 
epidemiological evidence on the association 
between periodontitis and CADs, substantial, 
though controversial, data have been reported in 

favor of such a relationship, considering the 
presence of various uncontrolled confounding 
factors and different assessment methods for 
periodontal diseases. 

In this review article, studies assessing the 
association between oral health and CADs were 
evaluated. A number of studies have 
demonstrated such an association, while none 
have shown a cause-and-effect relationship 
between these conditions, so far. 
 

Evidence Acquisition 
According to above-mentioned key words, a 

comprehensive search was accomplished 
precisely through the following databases: ISI 
web of science (ISI), Medline, Pubmed, Scopus, 
Embase, Chemical abstracts, Current contents, 
Cinahl, BIOSIS, Google scholar. This task which 
was started on January 2014 was completed by 
three of our authors. The purpose of our research 
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was to find out whether there is a relationship 
between poor oral hygiene and increased 
incidence of coronary artery disease. To this end, 
every topic or paper pertaining to our question 
was included in the review. Those encompassed 
publications from 1989 to 2012. Investigations 
not strictly related to our issue were excluded. 

 

Results 
Atherosclerosis is the most frequent cause of 

myocardial infarction (4). Various anatomical, 
physiological, and behavioral risk factors have 
been identified for atherosclerosis, including 
changes in serum lipid concentration, tobacco 
smoking, arterial hypertension, diabetes, obesity, 
sedentary lifestyle, family history of CAD, age, 
gender, stress, and symptoms of clinical 
depression. Recently, bacterial and viral 
organisms, involved in chronic inflammatory 
processes, have been also implicated in 
atherosclerosis development (5).  

Individuals with a prior history of periodontal 
diseases and/or tooth loss are at a higher risk for 
peripheral arterial disease, compared to those 
without periodontal diseases or tooth loss (6). In 
this regard, Kinane and Bouchard  in 2008 
presented a report on the Sixth European 
Workshop on Periodontology and conducted a 
systematic literature review. They concluded that 
periodontitis contributes to the total burden of 
infection and inflammation and may lead to 
cardiovascular events and stroke in susceptible 
individuals. Based on their evaluation, the impact 
of periodontal therapy should be further 
investigated (7). 

Moreover, Weidlich ,  in 2008 performed a 
review study concerning the association between 
periodontal and systemic diseases. Based on the 
findings, a causal relationship still needed to be 
confirmed, although the majority of studies 
revealed an association between periodontitis 
and systemic conditions (e.g., CADs). According to 
this study, further research, particularly well-
designed interventional investigations with 
larger sample sizes, need to be conducted in 
Brazilian populations (8). 

Persson in two recent meta-analyses in 2008 
concluded that flow-mediated dilation of the 
brachial artery and carotid intima-media 
thickness are linked to periodontitis, as 
confirmed by some previous studies. However, 
further research is required to confirm the early 
improvements of such surrogate markers 
following periodontal therapy. (9) 

While intensive periodontal therapy may 
enhance inflammatory responses and impaired 
vascular functions, further studies are required to 
assess the outcomes of periodontal therapies in 
subjects with confirmed cardiovascular diseases 

(CVDs). Tooth eradication may also reduce the 
systemic inflammatory burden of patients with 
severe periodontitis; however, the role of 
confounding factors remains unclear (9). 

Periodontitis is one of the most common 
pathologies among human societies. Chronic 
colonization of bacteria, their toxins, enzymes, 
and metabolites, as well as the subsequent host 
immune responses, results in the progressive 
loss of periodontal attachment and premature 
loss of teeth. Regular brushing of the teeth and 
procedures performed by dentists on teeth and 
periodontium can produce transient 
bacteremia, which may initiate a secondary 
infection within a distant tissue or organ, 
including the arteries (10) .  

Various studies have shown that 
Porphyromonas gingivalis (P. gingivalis) is a major 
periodontal pathogen, which is able to exacerbate 
atherosclerosis, following oral hematogenous 
spread due to bacteremia. P. gingivalis activates 
endothelial cells and upregulates various adhesion 
molecules, resulting in an increase in the 
likelihood of macrophage diapedesis, subsequent 
conversion to foam cells, and atheroma 
progression. These findings indicate the close 
relationship between periodontitis/periodontal 
pathogens and CVDs (11). 

Mattila and colleagues were among the 
pioneering researchers, indicating a relationship 
between orofacial infections and atherosclerosis. 
In a paper published in 1989, they evaluated the 
number of teeth, caries foci, and gingival and 
bony pockets of 100 Finnish men and women 
with a prior history of myocardial infarction. 
They concluded that the dental health of these 
patients was significantly worse than that of 102 
control subjects. Also, logistic regression analysis 
introduced periodontal disease as an 
independent predictor for the risk of myocardial 
infarction (12). 

Additionally, in 1997, Grau et al. clinically 
assessed a group of 166 patients with acute 
ischemic stroke and 166 control subjects. They 
used the total dental index (TDI) to determine the 
status of caries, periapical lesions, periodontitis, 
and other dental lesions. Considering the low 
social status of participants and the risk factors 
for cerebrovascular ischemia (e.g., diabetes and 
tobacco smoking), poor dental status, as defined 
by TDI, was associated with an increased risk of 
cerebrovascular ischemic events. However, the 
authors noted that this relationship was less 
evident after taking other CVD risk factors into 
account (13).  

DeStefano et al. in 1993 conducted the first 
prospective cohort study on this subject, based 
on a 14-year observation of 1000 subjects. The 
results indicated a 25% increase in the 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kinane%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18724860
http://www.ncbi.nlm.nih.gov/pubmed?term=Bouchard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18724860
http://www.ncbi.nlm.nih.gov/pubmed?term=Weidlich%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19838549
http://www.ncbi.nlm.nih.gov/pubmed?term=Persson%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=18724863
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prevalence of CAD in subjects with clinically 
diagnosed periodontal pockets. The association 
was even more pronounced in men below the age 
of 50 years. Also, risk of mortality was much 
higher in patients with periodontitis and CAD, 
compared to those with CAD only. However, the 
authors noted that this association might have 
been only random, resulting from the poor 
hygiene and lack of pro-health behaviors, which 
are common among patients with CVDs (14). 

Moreover, Beck et al. in 1996 assessed the 
association between tooth loss and CVDs, using 
the data presented in the "Dental Longitudinal 
Study and Normative Aging Study", collected over 
30 years. The results indicated that horizontal 
alveolar bone loss in pantomogram was 
positively correlated with the increased 
incidence of ischemic heart disease (IHD). It was 
also found that alveolar bone loss of over 40% 
was associated with a three-fold increase in IHD 
mortality. In addition, the results suggested that 
chronic periodontitis has a more pronounced 
impact on systemic health, compared to smoking, 
regardless of age, gender, diabetes, and other 
cardiovascular risk factors (15). 

In this regard, Persson et al. in 2002 
demonstrated an association between alveolar 
bone loss in pantomograms and increased 
calcium deposits on the walls of the internal 
carotid artery. The authors hypothesized that the 
degree of horizontal bone loss might be a good 
prognostic factor for myocardial infarction in 
subjects over the age of 60 years (16).  

Beck et al. in a study, entitled 
"Atherosclerosis Risk in Communities Study" on 
6,000 patients in 2001 showed an association 
between the severity of periodontitis and 
intimal-medial wall thickening of the internal 
carotid (17). Further analysis of the data 
presented in the "Dental Longitudinal Study and 
Normative Aging Study", collected over a period 
of 25-30 years, published in 1996, indicated that 
the cell surface of Streptococcus sanguinis is 
involved in a mechanism which promotes 
atherosclerosis development. This finding was 
first reported by Herzberg et al., who showed 
that a similar substance could be produced by P. 
gingivalis (18).  

It should be mentioned that microorganisms, 
isolated from gingival pockets in periodontal 
disease, are aerobic bacteria (e.g., Streptococcus 
and Actinomyces species) and anaerobes 
including Porphyromonas gingivalis, Prevotella 
intermedia, Peptostreptococcus species, 
Fusobacterium species, Treponema denticola, 
Eikenella corrodens, and the microaerophile 
Actinobacillus actinomycetemcomitans (10, 19).  

Kuramitsu et al. in 2001 demonstrated that P. 
gingivalis is capable of increasing NADH oxidase 

activity, which is implicated in the oxidation of 
low-density lipoproteins (LDLs) into oxidized 
LDL in atherogenesis (20). Srisatjabek et al. in 
1999 by studying the in vitro interactions 
between P. gingivalis fimbriae and human 
endothelial cells demonstrated the capability of 
the bacteria to induce the expression of surface 
intercellular adhesion molecule-1 (ICAM-1). 
ICAM-1 is a type of intercellular adhesion 
molecule, which facilitates macrophage migration 
under the endothelium, where it is subsequently 
transformed into foam cells (a characteristic of 
atheromatous process) (21). 

According to the cytokine theory, 
inflammatory mediators, released by the cells of 
the immune system, contribute to the damage of 
vascular endothelial wall. Also, bacterial 
endotoxins, e.g., lipopolysaccharides, bind to 
CD14 receptors of monocytes, macrophages, and 
vascular endothelial cells; however, they are not 
capable of transferring the signal through the cell 
membrane.  

Kinane and Hajishentniegahi et al. in 2002 
independently revealed the key role of Toll–like 
receptors, present on the surface of immune 
system cells including macrophages, monocytes, 
and granulocytes. (22, 23) These receptors 
recognize bacterial endotoxin molecules, initiate 
intracellular signaling, and mediate the 
transcription of a factor responsible for the 
release of proinflammatory cytokines, such as 
prostaglandin-E2 (PGE-2), interleukin-1 (IL-1), 
interleukin-12 (IL-12), and tumor necrosis 
factor-α (TNF-α).  

The aforementioned processes activate the 
arachidonic acid cascade and initiate further 
synthesis of prothrombotic agents, such as 
leukotrienes (LTB4 and LTC4 by erythrocytes and 
granulocytes), prostaglandins (PGE1 and PGE2 by 
leukocytes and myocytes of the vascular wall), and 
thromboxane A2 (by platelets). The compounds 
stimulate monocyte/macrophage chemotaxis and 
adhesion to endothelial cells, which in turn lead to 
intracellular lipid accumulation and formation of 
foam cells (22, 23).  

Plasma of patients with chronic 
inflammatory processes contains elevated levels 
of fibrinogen and C-reactive proteins (CRPs). 
According to a study by D’Aiuto et al. in 2004 
TNF-α activates IL-6 secretion, which stimulates 
the liver to produce CRP, and advances the 
synthesis of clotting factors, which may induce 
arterial microthrombosis and cardiovascular 
pathology (24). A report by the American Heart 
Association, in conjunction with the Centers for 
Disease Control and Prevention, in 2003 showed 
that serum CRP level of > 3 mg/L is associated 
with a high risk for cardiovascular 
complications, based on the epidemiological 
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study of 40,000 patients (25).  
Based on a study by Moutsopoulos  and 

Madianos  in 2006, patients with periodontitis 
have elevated systemic inflammatory markers, 
such as CRP, IL-6, haptoglobin, and fibrinogen. 
The values of these markers were higher in 
periodontal patients with acute myocardial 
infarction, compared to those with only acute 
myocardial infarction. This finding supports the 
notion that periodontal disease is an independent 
contributor to systemic inflammation (26).  

Moreover, the autoimmunization theory 
emphasizes the significance of heat shock 
protein-65 (HSP65), expressed on oral 
pathogens such as P. gingivalis, Prevotella 
intermedia, and Actinobacillus actinomy-
cetemcomitans. Schett et al. found anti-
HSP65/60 antibodies in the saliva of subjects 
with chronic periodontitis, whereas no such 
finding was reported in subjects with a healthy 
periodontium (27). In 1999, the same antibodies 
were reported by Mayr et al., who investigated 
the potential role of Chlamydia pneumoniae and 
Escherichia coli infections in atherogenesis (28). 
The above-mentioned reports suggest that 
periodontal disease is a significant risk factor 
for peripheral arterial disease.  

Jansson et al. in 2001 compared the causes of 
mortality among 1,393 patients who had 
previously undergone dental checkups. After 
making adjustments based on the effects of age, 
gender, and tobacco smoking on mortality, a 
statistically significant correlation was found 
between dental calculus deposits/oral health and 
coronary artery disease (CAD) mortality. The 
relationship was even more evident when 
tobacco smoking was taken into account (29). 

Not all epidemiological studies have 
confirmed the effects of periodontal conditions 
on cardiovascular morbidity. Joshipura et al. in 
1996, assessed a total of over 70,000 patients, 
aged 40-75 years and found no significant 
association between tooth loss and CHD. 
Moreover, monitoring was carried out among 
healthcare professionals, who submitted mailed 
questionnaires on their oral health status; this 
procedure markedly limited the reliability of the 
results. Nevertheless, tooth loss was associated 
with CHD, mainly in subjects with periodontal 
history (30). 

Considering the findings reported in previous 
epidemiological studies, the involved 
mechanisms were assessed to determine the 
association between chronic periodontitis and 
the atherosclerotic and thrombotic components 
of CVDs. Overall, three hypotheses have been 
conceptualized, which seem to complement one 
another. The theory of bacterial invasion assumes 
the direct action of bacteria and their toxins in 

the endothelium.  
Moreover, Haraszthy et al. by the use of 

polymerase chain reaction in 2000 demonstrated 
the presence of genetic components in gingival 
pocket bacteria in 44% of examined 
atheromatous plaques. The most frequently 
identified microorganisms were Bacteroides 
forsythus (30%) and P. gingivalis (26%) (31). 
Moreover, Stelzel et al. in 2002 reported similar 
findings, based on the examination of human 
aorta specimens (32).  

In 1998, Deshpande et al. published a paper 
on the invasion of P. gingivalis to bovine aortic 
and cardiac endothelium (33). Additionally, 
Konopka in 2003 mentioned the initiation of 
platelet aggregation by platelet aggregation-
associated proteins, expressed on the cell surface 
of Streptococcus sanguinis as a mechanism, which 
promotes atherosclerosis development (34).  

Azarpazhooh A. and Tenenbaum H.C. by 
reviewing six meta-analyses, published during 
2003-2009, showed a poor but statistically 
significant association between CVDs and 
periodontal diseases (35-41). Although the risk 
approximation could be assumed modest 
(relative risk and/or odds ratio less than two), 
the high prevalence of both types of diseases 
indicates the high number of affected patients. 
Therefore, these meta-analyses suggest that 
periodontitis can increase the risk of either 
having or developing CVDs (35).  

A pathophysiological association may exist 
between periodontitis and CVDs, although it 
might be difficult to confirm such a relationship. 
A meta-analysis of studies, published during 
1966 and 2005, concluded that periodontal 
therapy has no effects on serum levels of CRP at 
two months after the treatment (42). The same 
conclusion was made through the analysis of 
pooled data from single cohort studies (mean 
overall difference in CRP: 0.2 mg/L, 95% CI: 0.15-
0.55 mg/L; P>0.05). Consequently, according to 
these reports, CVD would not be reversed by 
periodontal treatment. However, other studies 
have indicated that CVD may indeed be reversed 
by periodontal treatment, further supporting the 
link between periodontitis and CVDs (43). 

Blaizot A. et al. after analyzing 215 articles, 
published in 1998-2007 (47 observational 
articles), selected 29 studies, which could be 
combined in a meta-analysis. The pooled odds 
ratio, calculated based on 22 case-control and 
cross-sectional studies, was estimated at 2.35 
(95% CI: 1.87-2.96; P<0.0001). The risk of 
developing CVDs was found to be significantly 
higher in subjects with periodontal diseases 
(34%), compared to those without periodontal 
diseases; the pooled relative risk of seven cohort 
studies was 1.34 (95% CI: 1.27-1.42; P<0.0001). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Moutsopoulos%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=17192571
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Based on the observational studies, subjects with 
periodontal diseases were exposed to a higher 
risk of developing CVDs. However, the decline in 
the risk of cardiovascular events, associated with 
the treatment of periodontitis, requires further 
investigations (44). 

 

Conclusion 
Based on the conducted observational studies, 

subjects with periodontal diseases are at a higher 
risk of CVD development. All studies on the 
relationship between periodontal diseases and 
CVDs are inconclusive, and a substantial amount 
of available data is based on epidemiological 
studies. The decline in the risk of cardiovascular 
events, associated with the treatment of 
periodontitis, requires further precise 
investigations via case-control and interventional 
studies. Overall, the mechanisms through which 
periodontal diseases could affect cardiovascular 
health include direct contamination by bacteria, 
immune-mediated injuries, and inflammation.  
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