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ABSTRACT 
Periodontal disease (PD) and cardiovascular disease (CVD) are highly prevalent in the modern 

community. Both pathologies are chronic inflammatory disorders, which are influenced by multiple risk factors. 

In part, these factors such as age, smoking, and diabetes overlap between PD and CVD. Epidemiological studies 

suggest that PD is strongly associated with increased CVD risk. Biochemical and physiological analyses 

involving in vitro experiments, animal models, and clinical studies provided evidence for the substantial impact 

of periodontal pathogens, their virulence factors, and bacterial endotoxins on all general pathogenic CVD 

mechanisms such as endothelial dysfunction, systemic inflammation, oxidative stress, foam cell formation, lipid 

accumulation, vascular remodeling, and atherothrombosis. 
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INTRODUCTION 

The concept of a role of 

periodontal pathogens in exacerbating 

atherosclerosis progression is not new. In 

fact, an association between oral health 

and cardiovascular disease has been 

proposed for more than a century [1]. The 

findings of a number of epidemiological 

studies have indicated an association 

between periodontal and cardiovascular 

diseases. Serological studies have shown a 

link between elevated periodontal bacterial 

antibody titres and atherosclerotic vascular 

disease [2]. Results from the Oral 

Infections and Vascular Disease 

Epidemiology Study revealed an 

association between periodontal pathogens 

and atherosclerosis [3]. Furthermore, the 

prevalence and incidence of coronary heart 

disease are significantly increased in 

patients with periodontal disease [4]; 

cardiovascular diseases in patients with 

periodontitis are 25–50% higher than in 

healthy individuals [1].  

Specifically, severe 

periodontitis has been associated with 

increased intima–media thickening [4]. 

Furthermore, poor self-reported oral health 

and tooth loss are positively associated 

with coronary atherosclerotic burden. 

These reports indicate that periodontal 

disease can independently predict 

cardiovascular disease [5]. Although these 

studies have supported a positive 

association between periodontal and 

cardiovascular diseases, others have not 

[6]. Numerous studies have evaluated the 

impact of periodontal treatment, with or 

without antimicrobial therapy, on systemic 

inflammation or endothelial dysfunction 

and have shown mixed results. Thus, 

although meta-analyses of clinical trials 

support an association between periodontal 

disease and cardiovascular disorders, 

including atherosclerosis, large 

longitudinal studies are needed to 

strengthen the current evidence supporting 

periodontal disease as an independent risk 

factor for cardiovascular disease. 
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The immune mechanisms 

underlying the exacerbation of 

inflammatory plaque progression by 

periodontal pathogens are currently 

unknown. We, and others, have proposed a 

number of possibilities, which include 

both direct and indirect mechanisms. 

Below, we explore the potential role of 

these pathogen-mediated direct and 

indirect mechanisms in exacerbating 

inflammatory atherosclerosis. 

 

Direct mechanisms 

Investigation of direct 

mechanisms of pathogen-induced 

endothelial dysfunction followed on from 

the numerous studies in which a variety of 

oral bacterial species were identified at the 

DNA, RNA or antigen levels in 

atheromatous tissue. The results of 16 

studies investigating the presence of oral 

bacteria in atheromatous plaque were 

reviewed, and A. actinomycetemcomitans 

and P. gingivalis were identified as the 

most frequently occurring bacteria [1]. The 

presence of bacterial components, either 

DNA, RNA or antigens, does not 

distinguish between live and dead bacteria. 

Therefore, obtaining viable 

microorganisms from human atheromas 

would be of value, but unfortunately 

acquiring viable cultures has proven to be 

difficult.  

In 2011, Rafferty et al. reported 

that viable P. gingivalis could be isolated 

from atheroma samples following in vitro 

incubation with macrophages [7]. 

Although numerous studies have 

demonstrated the presence of DNA from 

periodontal pathogens in atherosclerotic 

lesions, it remains unknown how these 

organisms and/or their ligands reach 

systemic sites. It is known that periodontal 

pathogens enter the circulation following 

physical perturbation of the gingiva, for 

example after routine dental procedures or 

everyday oral activities such as tooth 

brushing [8]. It has been proposed that 

patients with periodontal disease most 

likely have higher levels of bacteremia 

from daily oral activities. A 

comprehensive search of the literature 

provided a list of 275 bacterial species that 

have been identified in blood cultures 

following routine daily events or dental 

procedures [9], supporting the concept that 

the gingival sulcus is the main source of 

and portal to the blood stream for oral 

bacterial species detected in the blood 

[10]. It is this common and recurrent 

transient bacteremia that has been 

proposed to produce chronic insult to the 

vasculature and contribute to the injury 

and inflammation that initiates the 

development of atherosclerosis [5]. 

One proposed mechanism to 

explain how periodontal pathogens remain 

undetected in the bloodstream in order to 

reach systemic sites is that they may enter 

and survive within host immune cells such 

as dendritic cells and macrophages. It is 

thought that survival and replication 

within immune cells represents an 

important step in the early stages of 

infection in order to evade the immune 

response and enable bacterial 

dissemination [11]. In the case of P. 

gingivalis, this pathogen has been shown 

to gain entry into dendritic cells and to 

disrupt their phagocytic function [12]. 

Furthermore, it was reported the P. 

gingivalis survival within macrophages 

[13].  

P. gingivalis has been detected 

in circulating dendritic cells in patients 

with chronic periodontal disease and 

severe cardiovascular disease [14], 

suggesting a role for blood myeloid 

dendritic cells in harbouring and 

disseminating pathogens from the oral 

mucosa to atherosclerotic plaque. 

Although studies to date point to survival 

within host cells as a plausible mechanism 

of dissemination for pathogens to 

atherosclerotic lesions, this theory remains 

unproven. 

Disruption of endothelial cell 

function is one of the earliest indicators of 
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cardiovascular disease and there have been 

numerous studies of the role of infections 

in endothelial dysfunction [15]. Similarly, 

release into the circulation of bacterial 

products, such as outer membrane 

vesicles, gingipains from P. gingivalis or 

free soluble bacterial components of A. 

actinomycetemcomitans, can induce pro-

atherogenic responses in endothelial cells. 

Many of the studies of the role of 

periodontal pathogens in inducing 

endothelial dysfunction have been 

performed with P. gingivalis. This 

pathogen can adhere to and invade various 

human vascular cells and can stimulate 

monocyte adhesion to human umbilical 

vein endothelial cells [4]. Co-culture of 

human aortic endothelial cells with P. 

gingivalis increases the expression of 

adhesion molecules ICAM-1, VCAM-1 

and E-Selectin. Stimulation of a murine 

macrophage cell line with P. gingivalis, in 

the presence of LDL, resulted in the 

formation of foam cells. 

 

Indirect mechanisms 

Oral infection is thought to 

indirectly induce elevated production of 

cytokines or acute-phase proteins that 

enter the systemic circulation and reach 

sites distant from the initial infection. 

Studies have focused on how disruption in 

the microbiome itself could influence 

systemic production of proinflammatory 

cytokines and influence systemic 

inflammatory diseases. For example, 

dysregulation and low diversity of the gut 

microbiota have been associated with 

conditions such as obesity and 

inflammatory bowel disease [16]. It is now 

becoming evident that dysregulation of the 

microbiome is associated with other 

systemic inflammatory diseases including 

diabetes and atherosclerosis. Koren et al. 

[17] reported that bacterial profiles (based 

on 16S rRNA pyrosequencing) of 

atherosclerotic plaques contained 

phylotypes common to oral or gut samples 

from the same individual with 

atherosclerosis). In addition, they reported 

that the amount of bacterial DNA in 

atherosclerotic plaques correlated with 

inflammatory markers of atherosclerosis.  

To further elucidate the link 

between the gut microbiome and 

atherosclerosis, the same group sequenced 

the gut metagenomes of age- and gender-

matched subjects with and without large 

vulnerable plaques in the carotid arteries. 

The genus Collinsella was enriched in 

subjects with plaques, whereas 

Eubacterium and Roseburia were enriched 

in subjects without plaques, further 

supporting the notion that changes in the 

gut microbiome are associated with 

„symptomatic‟ atherosclerosis. 

Anaerobic bacteria, such as 

those comprising the gut microbiota, 

utilize a glycyl radical enzyme to convert 

choline to trimethylamine (TMA), which 

is further converted to trimethylamine N-

oxide (TMAO) (in humans) by flavin-

dependent monooxygenase 3 (FMO3) 

[18]. L-carnitine is also converted to 

TMAO through a microbe–host 

metabolism interaction. TMAO is 

associated with several processes that 

contribute to the progression of 

atherosclerosis, such as accumulation of 

cholesterol in macrophages and 

accumulation of foam cells in 

atherosclerotic lesions [19]. In a clinical 

study, levels of TMAO that were readily 

detectable in both plasma and urine of 

healthy adults after phosphatidylcholine 

challenge were almost completely 

suppressed after 1 week of broad-spectrum 

antibiotic treatment and restored 1 month 

after withdrawal of antibiotics [20]. 

Further, 16S rRNA sequencing of faecal 

samples from the L-carnitine study 

participants revealed bacterial taxa 

associated with (fasting) plasma TMAO 

levels; specifically, the genus Prevotella 

was enriched in subjects with plasma 

TMAO levels that were significantly 

higher (P < 0.05) than in subjects with 
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profiles characterized by enrichment of the 

genus Bacteroides [21].  

In a 3-year follow-up study of 

over 4000 adults undergoing diagnostic 

cardiac catheterization, elevated (fasting) 

plasma levels of TMAO were a significant 

predictor of adverse cardiovascular events 

after adjustment for risk factors [20]. In 

mouse studies, supplementing a normal 

chow diet with L-carnitine was shown to 

approximately double the plaque burden in 

the aortic root of ApoE-deficient mice as 

compared to mice fed only a normal chow 

diet, and this increase was inhibited in 

mice treated with oral antibiotics [21]. 

Gregory et al. [22] have shown that faecal 

transplantation in mice can transmit 

atherosclerosis susceptibility. At 20 weeks 

of age, choline-fed ApoE-deficient mice 

receiving faecal transplantation from an 

atherosclerosis-prone donor mouse strain 

had a significantly higher plaque burden in 

the aortic root than those receiving faecal 

transplantation from an atherosclerosis-

resistant donor mouse strain, which 

showed a similar plaque burden to ApoE-

deficient mice fed a normal chow diet; all 

ApoE-deficient mice were treated with 

antibiotics for 3 weeks prior to the first 

caecal gavage. Thus, it appears that 

intestinal bacteria interact with the host 

metabolism to drive disease processes 

outside the gastrointestinal tract. 

Oral administration of P. 

gingivalis has been shown to be associated 

with alterations of the gut microbiota of 

C57BL/6 mice. Treatment with P. 

gingivalis twice a week for 5 weeks 

resulted in a microbial profile (ileum 

contents) characterized by an increase in 

the phylum Bacteroides (38.7% vs. 17.0%) 

and a decrease in the proportion of the 

phylum Firmicutes (55.4% vs. 72.8%) 

compared with sham-infected mice [22]. 

Furthermore, 16S rRNA sequencing of 

faecal samples revealed the same pattern 

of dysbiosis after a single oral 

administration of P. gingivalis [23]. These 

alterations in the microbial profile were 

not attributed to direct translocation of the 

administered P. gingivalis. Compared with 

the sham-infected group, in mice receiving 

a single dose of P. gingivalis, mRNA 

expression of genes related to gut barrier 

function was decreased and of genes 

related to proinflammatory cytokines was 

increased at 48 h post-infection [23]. 

These results indicate that an oral 

pathogen may contribute to systemic 

disease progression by causing shifts in the 

gut microbiota that are followed by 

increases in intestinal inflammation and 

gut permeability. 

 

Therapeutic strategies 

Previous studies have 

examined the association between 

periodontal disease and outcomes of 

coronary heart disease, coronary artery 

disease, atherosclerotic vascular disease, 

angina pectoris, carotid calcification, 

coronary artery calcification, myocardial 

infarction, acute coronary syndrome and 

stroke. Clinical studies have been designed 

to examine the impact of oral pathogens 

on cardiovascular disease progression. In a 

study by Desvarieux et al. [24], changes in 

periodontal status, assessed both clinically 

and microbiologically, were associated 

with progression of carotid atherosclerosis. 

The authors found that the relative 

predominance of bacterial species 

traditionally considered causally related to 

periodontal disease was most closely 

linked to atherosclerosis progression. 

These results provided the first evidence 

that improvement in periodontal status is 

related to a decreased progression of 

carotid atherosclerosis in humans, thereby 

strengthening the role of pathogens, 

especially those associated with 

periodontal disease, in clinical 

cardiovascular disease. 

Overproduction of 

proinflammatory mediators is known to 

contribute to inflammatory pathology in a 

number of chronic diseases, including 

atherosclerosis. Although lipid deposition 
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is considered a leading contributor to the 

inflammation, additional stimuli, such as 

infectious agents, have been considered as 

sources for the continuous inflammation 

[25]. IL-1b is a critical cytokine in host 

defense against a number of infectious 

agents. Consequently, a number of 

pathogens have evolved mechanisms to 

prolong their survival by inhibiting IL-1b 

production [26]. In agreement with this 

notion, low levels of IL-1b production 

were associated with P. gingivalis 

survival. Therefore, although activation of 

innate immunity is a necessity for clearing 

infections, there is a fine balance between 

activation of innate immunity and 

unresolved inflammation [27]. We propose 

that future therapies designed to inhibit IL-

1b associated with atherosclerosis should 

be designed with caution due to the 

protective role of IL-1b in immunity. 

Supporting this concept are 

results from a recent clinical trial targeting 

IL-1b for the treatment of the 

inflammasome-mediated disease 

cryopyrin-associated periodic syndrome 

(CAPS). Patients receiving the humanized 

monoclonal antibody canakinumab, 

specific for neutralizing IL-1b, had a 67% 

increased risk of infection compared with 

25% for patients in the placebo group [27]. 

Another clinical trial was 

recently launched to investigate whether 

IL-1b inhibition with canakinumab will 

reduce major cardiovascular events in 

patients with pre-existing coronary artery 

disease (CAD) [28]. It was suggested that 

the potential benefit of long-term use of a 

neutralizing antibody against IL-1b in 

humans at high risk of atherosclerotic 

vascular disease must be substantial 

enough to counter the increased risk of 

infection [13]. It is imperative that the 

complexity of inflammatory pathways 

leading to chronic inflammation, 

particularly those that are accelerated by 

infection, is considered in the development 

of future therapies. 

Antagonizing/neutralizing TLR 

activation Continuous activation of TLR 

signalling pathways has been shown to be 

critical in the progression of chronic 

inflammation [29]. Therefore, a number of 

therapeutic agents proposed for 

cardiovascular disease have targeted 

TLRs. Previously, it was proposed that 

common mechanisms of signalling via 

TLR2, TLR4 and MyD88link stimulation 

by multiple pathogens and endogenous 

ligands to atherosclerosis progression [30]. 

Although TLRs have been commonly 

associated with detrimental effects in 

atherosclerosis, we now know the crucial 

protective role TLR signalling plays in 

clearing infection [29]. Future therapies to 

block TLR activation should be designed 

with caution due to the complexities in 

inflammatory pathways leading to 

atherosclerosis and in ligand-specific 

pathways leading to disease progression. 

 

Future directions 

Unresolved inflammation is 

undoubtedly a contributing factor in 

progressive inflammatory diseases such as 

atherosclerosis. However, due to the 

predominant role of inflammation in 

clearing infections, there is a fine balance 

between activation of immunity and 

unresolved inflammation that will need to 

be considered for the development of 

future therapies for atherosclerosis. It is 

clear that the inflammatory pathways that 

lead to atherosclerosis progression are 

complex and are likely to be ligand 

specific.  

Antagonizing/neutralizing TL 

activation has long been considered 

effective for reducing the inflammation 

associated with plaque progression. 

However, due to the role of TLRs in 

clearing infections, we propose that future 

therapies to block TLR activation need to 

be designed with caution. Furthermore, 

neutralizing IL-1b has been investigated as 

a potential therapy for atherosclerosis. 

However, due to the known role of IL-1b 
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in clearing infection, we propose that 

therapies to inhibit IL-1b should also be 

carefully designed. It is imperative that 

these issues are considered when 

designing future therapeutic agents for the 

treatment of chronic inflammatory 

disorders, specifically those exacerbated 

by infection. 

Guo et al. [31] reported the use 

of an antimicrobial peptide to selectively 

kill a specific species of oral bacteria, 

providing insight into the role of this 

bacterium within the complex community 

of the oral microbiota. There is great 

potential for expanding this approach to 

other oral bacteria, such as P. gingivalis, to 

elucidate their roles in modulating the oral 

microbiome and to identify potential 

therapeutic targets [32]. There is evidence 

that supports the association between the 

gut microbiome and systemic diseases. 

What role the oral microbiome might play 

in systemic disease progression, however, 

remains unknown. Studies with P. 

gingivalis in mice have begun to shed light 

on this issue. For example, P. gingivalis 

has been shown to alter the gut 

microbiome, resulting in a concurrent 

increase in gut permeability and 

proinflammatory cytokines [33]. 

These results highlight our 

need for further studies on the impact of 

oral bacteria on systemic disease through 

alterations of the gut microbiota. 

Collaboration between 

cardiologists and periodontologists should 

be encouraged, especially for patients with 

a history of a cardiovascular event 

presenting with severe forms of 

periodontitis. For these patients, but also 

for all patients suffering from severe 

periodontitis, periodontal treatment may 

be positive in terms of reducing the levels 

of inflammatory cytokines and improving 

quality of life. 

 

CONCLUSIONS 

Considering epidemiological 

and biological studies, it seems important 

to consider periodontal disease as a risk 

factor for cardiovascular disease and 

atherosclerosis. Clinical or in vitro studies 

show that periodontal monitoring and 

treatment of patients with a risk of 

atherosclerosis or cardiovascular disease 

may have positive effects.  

In summary, periodontal 

research is constantly revising the 

concepts of the past and preparing for the 

future. Periodontics has made important 

progress already and offers not just a 

glimmer of hope but also a realistic 

promise of eliminating periodontitis as a 

significant health problem for most 

individuals. It is an exciting time for 

periodontology, which continues to make 

significant contributions to oral and 

systemic health.  
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