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Abstract

Aim and objectives: The research extensively explores the link between cardiovascular and periodontal
diseases, focusing on the microbial factor, especially plaque, as the main cause of periodontal disease. Other
contributing factors include tartar, occlusal trauma, tooth decay, missing teeth, and specific habits. The study aims
to discover and understand the genuine links between these two health conditions.

Material and methods: To carry out this review, we studied the scientific basis of Pub Med as well as
Google Schooler and periodontal disease, gingivitis, atherosclerosis and cardiovascular disease, hypertension were
used as keywords.

Results: The dental management of patients with cardiovascular diseases is one of the essential points in
establishing an appropriate treatment plan.

Conclusions: Detailed medical history, signs, symptoms of cardiovascular disease and thorough medical
evaluation are essential for the safe delivery of periodontal dental treatments in patients with cardiovascular
disease.
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INTRODUCTION

Periodontal disease is a condition of microbial cause that affects the supporting tissues
of the teeth - gingival tissue, alveolar bone, cementum and periodontal ligaments [1]. An
imbalance between the subgingival communities and the host immune response characterizes
periodontal disorders, which are dysbiotic conditions in the marginal periodontium [2].
Clinical signs and symptoms of periodontal disease can include pain, masticatory
impairment, gingival bleeding, halitosis and tooth mobility [3]. Undiagnosed in time and in
the absence of an early treatment, periodontal disease can cause the reduction of the bone
structure at the level of the alveolar ridges and the avulsion of the teeth [1].

Over the years, several classification systems have been developed to reflect the
variety of forms of gingivitis and periodontitis [4]. The most recent classification of
periodontal disease was made in 2017 by the World Workshop on the Classification of
Periodontal and Peri-Implant Diseases and Conditions [5]. Gingivitis is an early form of
periodontal disease, characterized by gingival inflammation caused by the appearance of
bacterial biofilm that accumulates on the teeth and adjacent gums, the condition being
reversible, not affecting the bone structures. If left untreated, gingivitis can develop into
periodontitis [1,6]. Marginal periodontitis represents an irreversible form of periodontal
disease, which generates the loss of the circular gingival tissue of the tooth, the bone support
and finally even the loss of the teeth [1].

The term cardiovascular disease (CVD) or heart disease refer to the following four
entities that are: coronary artery disease - sometimes referred to as coronary heart disease
(CHD) which results from decreased myocardial perfusion that causes angina, myocardial
infarction (MI) or heart failure; cerebrovascular disease (CVD) - including stroke and transient
ischemic attack; peripheral artery disease - particularly arterial disease involving the limbs
that may result in claudication and aortic atherosclerosis - including thoracic and abdominal
aneurysms [7]. When we talk about atherosclerotic diseases, we mostly mean peripheral
vascular disease, cerebrovascular disease, and coronary heart disease. Chronic inflammatory,
infectious, and immunological illnesses such as psoriasis, systemic erythematosus lupus,
rheumatoid arthritis and periodontitis are linked to markedly increased chances of severe
cardiovascular events [8].

Periodontal disease and cardiovascular disease are covered by Sanz et. al (2020) in the
category of non-communicable diseases [9]. Among non-communicable diseases,
cardiovascular diseases such as ischemic heart disease, stroke, hypertension, rheumatic heart
disease and cardiomyopathy are the most prevalent worldwide, accounting for 45% of total
non-communicable disease mortality (NCD) [8,10,11]. At the European level, cardiovascular
diseases were found to be responsible for 3.9 million deaths [9]. The World Health
Organization estimates that periodontitis affects between 35% and 50% of people worldwide
[12], while statistics show that more than 50% of Europeans may have periodontitis in one
form or another, and over 10% have the severe form of the condition. The prevalence rises to
70-85% of those in the 60-65 age range [13].

Periodontal disease and cardiovascular diseases are common diseases nowadays, they
have in common the aggressive inflammatory response to various stimuli [14]. While
periodontal disease is a dysbiotic pathology, in which chronic inflammation is induced and
maintained by the multispecies bacterial community accumulated in the subgingival area [6],
coronary artery disease is characterized as chronic inflammation that can lead to narrowing
and occlusion of blood vessels, causing myocardial infarction (MI) [14].

The etiology of periodontal disease is closely related to the patients' poor hygiene - the
determining factor, to which can be added vicious habits that can influence the disease - the
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favoring factors. Factors contributing to periodontal disease include smoking, genetic factors
(genetic predisposition, genetic disorders), type 2 diabetes mellitus, unhealthy diet rich in
refined carbohydrates and processed foods, stress that contributes to a decrease in the
immune system, hematological conditions, neoplastic conditions and immunosuppressants,
which can induce periodontal manifestations [1]. Associations of periodontal disease with
pregnancy, lung disease and cardiovascular disease have been identified, but the causal
relationship between these has not been fully established and understood. Therefore,
controlling the bacterial biofilm and risk factors can prevent the onset of periodontal disease,
slow down the progressive periodontal disease, and through appropriate treatment can
attempt to restore lost tooth support [1,15].

However, since atherosclerosis is a common denominator in the pathophysiology of
CVD, addressing risk factors related to its development is crucial [7]. Longitudinal
investigations conducted recently have established a strong correlation between periodontal
tissue and an increased probability of cardiovascular disease. The incidence of CVD in
individuals with periodontal disease has not, however, been thoroughly studied [16,17].

Aim and objectives

The current study is to conduct a mini-review on the effects of periodontal disease on
patients with cardiovascular diseases or vice versa. The association between periodontal
disease and cardiovascular diseases is not fully understood. The objective of this research is to
reveal the links between the two conditions and the way of mutual influence.

MATERIAL AND METHOD

In order to carry out this mini-review, we studied the scientific databases PubMed and
Google Schoolar, using keywords such as periodontal disease, gingivitis, periodontitis,
cardiovascular diseases, hypertension, coronary disease and atherosclerosis. We reviewed the
identified articles, removed duplicates, and selected 55 bibliographic references that we
considered eligible for the integrated text.

RESULTS AND DISCUSSIONS

Anaerobic organisms responsible for periodontal disease can colonize in deeper areas
of the marginal periodontium where they can perform their destructive action if the patient's
oral hygiene is inadequate. To date, nearly 800 different species of bacteria have been
identified and characterized in human dental plaque. The main bacteria responsible for
periodontal disease are Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis,
Eubacterium timidum, Parvimonas micra, Prevotella intermedia, Campylobacter rectus, Treponema
denticola and Tannerella forsythia [1,18,19].

From a mechanical point of view, infections at the gingival level lead to gingival
lesions and subsequently to the contamination of the adjacent tissue [20,21]. The patient's
medical history, clinical examination of the oral cavity and close examination of periodontal
tissues by periodontal chart are the pillars of diagnosis in periodontal disease [22]. The
persistent inflammatory state in periodontal disease can lead to aberrant neutrophil activation
and a release of pro-inflammatory mediators, leading to tissue damage, bone resorption and
disease progression. The release of inflammatory mediators by neutrophils bridges the gap
between local and systemic immunity, thus highlighting neutrophils as key factors in linking
periodontal inflammation to chronic conditions, including cardiovascular disease [23].

Ulcerated epithelial tissue becomes the portal of entry of periodontal pathogens and
their products into the general circulation, into small and large blood vessels [24]. DeStefano
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et al. conducted a prospective cohort research in 1993 and discovered, for the first time, that
periodontitis is one of the risk factors for coronary heart disease [25]. Routine dental
evaluations are invaluable in recognizing early states of periodontal disease and directing
early intervention [26].

Over the past two decades, several studies have shown that people with periodontal
disease are at higher risk of cardiovascular events, including myocardial infarction,
peripheral arterial disease, stroke, and heart failure [27]. Moderately elevated C-reactive
protein (CRP) is a predictor of increased risk of cardiovascular disease [28].

Clinical evidence suggests that periodontal disease affects systemic endothelial
function and this in turn could have an impact on hypertension [29]. The presence of the
bacterial plaque biofilm can influence cytokines, chemokines, T cells and B cells, which cause
vascular inflammation, which are closely related to obesity, stress, lifestyle and diet,
generating vascular dysfunction, atherosclerosis and hypertension [29].

Experimental animal evidence points to the immune response to a periodontal
pathogen common to periodontal disease and cardiovascular disease: Porphyromonas
gingivalis. Porphyromonas gingivalis induces increased blood pressure, vascular inflammation
and endothelial dysfunction [29]. In vitro studies have shown that Porphyromonas gingivalis
can penetrate the oral mucosa. Currently, it is unknown how precisely Porphyromonas
gingivalis actively penetrates tissue barriers. It has been observed that gingipains are essential
for the breakdown of tissue barriers when Porphyromonas gingivalis is actively invading the
host tissue [30].

This periodontopathogen is considered the key etiological agent involved in the
occurrence of chronic periodontitis [30]. Jong et al. al (2023) is of the opinion that the oral
pathogen Porphyromonas gingivalis is not only associated with the appearance of chronic
periodontitis, but also with the appearance of systemic diseases at the level of the body [31].

The potential mechanisms of action of Porphyromonas gingivalis are:

I.  the first mechanism - degradation of adhesion molecules between tissue cells
and the extracellular matrix produced by enzymes secreted by Porphyromonas
gingivalis;

II.  the second mechanism - transcytosis: bacteria actively enter tissue cells;

III.  the third mechanism - professional phagocytes pick up Porphyromonas gingivalis
and travel in the bloodstream;

IV. the last mechanism - possibly Porphyromonas gingivalis can adhere to hyphae
(structured filamentous cells of higher fungi) forming Candida albicans, these
hyphae can penetrate the mucosal tissue, which can allow Porphyromonas
gingivalis to reach deeper structures [31].

Adherence of Porphyromonas gingivalis to host cells is multimodal and involves the
interaction of bacterial cell surface adhesion with receptors expressed on epithelial cell
surfaces [30]. The ability to multiply and activate endothelial cells may be one of the
pathogenic mechanisms exerted by Porphyromonas gingivalis that may explain the association
between it and cardiovascular diseases [32].

Based on the identified scientific results, we consider it necessary to evaluate the
interdependence relationship between periodontal disease, cardiovascular diseases and
Porphyromonas gingivalis.

Porphyromonas gingivalis is an anaerobic, gram-negative bacterium that inhabits the
oral cavity. It can become highly damaging and multiply to many cells in periodontal lesions
under specific conditions because to virulence factors. Many virulence and pathogenicity
factors, including fimbriae, hemolysin, hemagglutinin, capsules, outer membrane vesicles
(OMS), lipopolysaccharides, and gingipains, support in Porphyromonas gingivalis action [33].
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Gram-negative bacteria create outer membrane vesicles (OMVs) at various stages of
growth in various environments, such as infected tissues [34]. Gram-negative bacteria
develop and continuously release outer membrane vesicles (OMVs), which are double-layer
spherical membrane-like structures with a diameter of between 50 and 250 nanometers. These
structures preserve the integrity of the membrane during the entire process [35].

The tiny, adherent outer membrane vesicles (OMVs) of Porphyromonas gingivalis are
more persistent due to their resistance to host-derived proteases [36,37]. Outer membrane
vesicles (OMVs) have a greater ability to enter deep tissues and trigger an inflammatory host
response as compared to their parent Porphyromonas gingivalis [37]. In the form of outer
membrane vesicles (OMVs), Porphyromonas gingivalis can selectively concentrate significant
virulence components and release them into the environment [38]. A proteomics investigation
of Porphyromonas gingivalis outer membrane vesicles (OMVs) was conducted by Veith et al.
(2014), yielding a total of 151 proteins [39,40]. The results reported by Guo et al. (2024)
showed that Porphyromonas gingivalis outer membrane vesicles (OMVs) promoted pericardial
enlargement in zebrafish larvae, raised neutrophil numbers, caused vascular injury, and
triggered inflammatory pathways. The immune response and the extracellular matrix-
receptor interaction signaling pathway were further identified in this process by
transcriptomic analysis [41].

Porphyromonas gingivalis outer membrane vesicles (OMVs) include the majority of the
identified adhesins, including FimA and Mfal. In turn, Porphyromonas gingivalis is able to
interact with other oral bacteria through outer membrane vesicles (OMVs) [42]. The outer
membrane vesicles (OMVs) of Porphyromonas gingivalis have the ability to travel to the
bloodstream and impact distant organs and tissues [43]. Therefore, systemic illnesses linked
to an infection caused by Porphyromonas gingivalis may also be impacted by outer membrane
vesicles (OMVs) [38].

Jia et al. al (2015) closely studied the bidirectional relationship between outer
membrane vesicles (OMVs) of Porphyromonas gingivalis and cardiovascular diseases and
concluded that these nanosized particles can promote epithelial dysfunction [44], while Yang
et. al (2016) believe that outer membrane vesicles (OMVs) of Porphyromonas gingivalis promote
the calcification of vascular smooth muscle cells, a hallmark of atherosclerosis [45]. In vitro
and in vivo research demonstrates the significant increase in vascular permeability and
vascular edema by cleavage of endothelial cell connexins due to the presence of outer
membrane vesicles (OMVs) of Porphyromonas gingivalis and proteolytic damage in blood
vessels, where the parent bacteria cannot gain access [46]. These investigations highlight that
outer membrane vesicles (OMVs) are as important as the parent periodontopathogenic
bacteria [38,46].

While findings reported by Zaremba et al. (2007) support the idea that periodontitis-
related bacteria may also infiltrate coronary vessels, Geerts et al. (2002) proposed that oral
pathogens and their pathogenic factors may enter the bloodstream through tooth brushing,
chewing, debridement, or scaling [47,48].

One of the most prevalent forms of cardiovascular disease, atherosclerosis, was first
thought to be caused by the buildup of lipids and fibrous debris. But these days, an increasing
number of scientists consider it to be a chronic inflammatory illness. Atherogenic disease risk
is associated with infectious diseases like periodontitis. One of the most prevalent bacteria in
stomatology, Porphyromonas gingivalis, is typically found in patients' atherosclerotic plaque.
Moreover, Porphyromonas gingivalis has been shown to accelerate the development of
atherosclerosis [49]. Data from experiments and epidemiology point to Porphyromonas
gingivalis infection as worsening the development of atherosclerosis. Rodrigues et al. (2012)
demonstrated that the virulence mechanisms of different strains of Porphyromonas gingivalis
are diverse, and the pathogenic mechanisms identified for one strain are not necessarily
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applicable to other strains [50]. Periodontal bacteria present in the bloodstream or in situ in
vascular lesions are associated by Salhi et. al (2019) with the development of aneurysmal
disease [51]. Recently, several researchers identified Porphyromonas gingivalis in atheroma
plaques and pointed out the significance of Porphyromonas gingivalis type II FimA [52-54].

Numerous investigations have revealed a strong correlation between vascular
endothelial homeostasis and periodontal infections, particularly Porphyromonas gingivalis.
However, the underlying processes and function of Porphyromonas gingivalis remain unclear.
According to studies conducted by Xie et al. (2020), Porphyromonas gingivalis can damage
endothelial integrity by preventing cell division, causing endothelial mesenchymal transition,
and causing endothelial cells to undergo apoptosis. These processes lower cell counts and
weaken the endothelium's capacity for self-healing. Based to a mechanistic analysis,
Porphyromonas gingivalis can severely degrade endothelium integrity. However, TLR-NF-xB
signaling can significantly restore this integrity, indicating that TLR-NF-xB signalling is
essential for maintaining vascular endothelial homeostasis. These findings point to a possible
course of action for treating and preventing cardiovascular disease [55].

CONCLUSIONS

Periodontal disease could be associated with an increased risk of cardiovascular
disease, and its management could influence the treatment of cardiovascular disease.
Through this article I have tried to highlight a potential for improvement of cardiovascular
diseases through a strict approach to oral hygiene. Periodic professional hygiene reduces the
microbial load, including gram-negative flora well represented by Porphyromonas gingivalis.

Investigating the correlation between these pathologies is complex, requires a longer
period of time and in-depth studies to determine if periodontal treatment can lead to a
decrease in morbidity and mortality from cardiovascular diseases induced by Porphyromonas
gingivalis.
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