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Abstract: Substantial evidence has recently been gathered to substantiate the epidemiological correlation between this oral inflam-
matory ailment and several systemic health disorders, such as cardiovascular diseases (CVDs). It is worth noting that certain shared
factors exist among individuals with periodontal disease (PD) and CVDs, like obesity or overweight, minimal physical activities,
smoking habits, male gender, low socioeconomic position, advanced age, and limited educational attainment. Moreover, recent
research suggests a distinct and separate relationship between PD and CVDs. This literature review discusses the association between
CVDs and PD and their underlying mechanisms and connections. Current literature strongly confirms a correlation between
cardiovascular risk and PD. The underlying mechanisms involve inflammation, epigenetics, epithelial dysfunction, oral microbiome
dysbiosis, and the efficacy of periodontitis treatment. Future investigations are required to comprehend these complex interactions and
develop targeted interventions for oral health improvement and reduction in cardiovascular risk.
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Introduction

Periodontal disease (PD) develops as a progressive and chronic inflammatory disorder affecting the tissues supporting the
teeth, eventually resulting in tooth loss. The condition is well recognized as a multifactorial illness,' in which an imbalance
in the oral microbiota is believed to be a significant contributing component.® It is known to occur in those with
a predisposition, mostly due to plaque deposition. This plaque buildup triggers a reversible initial inflammatory response
known as gingivitis, affecting the teeth-adjacent soft tissues and gums. It induces gingival irritation, erythema, edema, and
hemorrhage.®* Gingivitis does not result in the loss of bone tissue.** However, it may advance to periodontitis, a condition
that cannot be reversed and causes damage to the bone, cementum, and periodontal ligament if left untreated. This finally
results in the last stage of the illness, characterized by teeth loss. Inflammatory mediators, including interleukin (IL)-1p, IL-
6, C-reactive protein (CRP), and tumor necrosis factor-o. (TNF-0)), may be observed early within the circulation.” PD
imposes a significant financial burden, as it is the leading cause of masticatory impairment resulting from tooth loss.®’
Furthermore, it affects over 50% of the global population, making it the second most frequent oral illness globally.
Substantial evidence has recently been gathered to substantiate the epidemiological correlation between this oral inflam-
matory ailment and several systemic health disorders, such as cardiovascular diseases (CVDs).*

CVDs are the commonest non-communicable disorders and the primary etiology owing to disability and death
worldwide and have substantial societal and economic repercussions.” Although heredity has a role in the onset and
progression of CVD, lifestyle choices also play a role. Inappropriate dietary intake, physical inactivity, tobacco use, and
alcohol use are the most controllable risk factors.'® These disorders cause systemic inflammation, which is important to
CVD development.'' The pathophysiological processes are unknown, although during the past two decades, a growing
body of data links oral and CVDs.®'*'*
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It is worth noting that certain shared factors exist among individuals with PD and CVDs, like obesity or overweight,
minimal physical activities, smoking habits, male gender, low socioeconomic position, advanced age, and limited
educational attainment.'>'® Moreover, recent research suggests a distinct and separate relationship between PD and
CVDs.'” The basic underpinnings of the relationship between periodontal inflammation and CVDs have been postulated
to have direct and indirect mechanistic connections. Proinflammatory bacteria are carried directly from the mouth to the
circulation, where they may infiltrate the cardiovascular system. However, indirect methods activate systemic immune
pathways, causing prolonged inflammation with nonspecific effects. This literature review will focus on the correlation
between PD and CVDs, as well as the many mechanistic explanations for this correlation. This will include a broad

discussion on the roles of inflammation, endothelial dysfunction, oral microbiome, and epigenetics in CVD pathogenesis.

Methods

This literature review discussed the correlation between CVDs and PD and how different mechanistic approaches might
be involved in this association based on evidence from human and animal investigations. Accordingly, a comprehensive
search was employed via various databases, including Scopus, Web of Science, and PubMed to find the relevant research
data from the relevant original human and animal studies with the relevant keywords from previous investigations. Some
of these keywords include (periodontitis, coronary artery disease, Periodontal disease, gingivitis, CVD, atherosclerosis,
cardiovascular disease, inflammation, inflammatory markers, oral dysbiosis, treatment, hypertension, and epithelial
dysfunction). These keywords were combined via Boolean operators based on the terms announced on each searched
database. The search was conducted from inception till May 2023, which identified 108 relevant articles. We updated the
search on December 2023 and identified additional 9 relevant articles. Moreover, a comprehensive search was conducted
for all subsection formulated in the review. The researchers used a conventional blinded and discussion-based approach
for searching and selecting relevant information. The relevant databases were thoroughly examined using various search
methodologies and keyword-combinations. Title/abstract screening was the first stage of research selection for citations
deemed possibly relevant. Following the removal of duplicate entries, the subsequent screening stage included
a comprehensive assessment of the content inside the articles. Furthermore, reference list examination of the included
papers was conducted to collect any other article that were not retrieved via the original search strategy, and resulted in
the identification of two additional papers. Subsequently, 119 articles were finally included. All of the included studies
were published in English.

CVD and PD Association
The Impact of Periodontitis on CVD Risk

Numerous clinical Investigations consistently showed a correlation between periodontitis and CVD (Figure 1).'*2* In
2012, a scientific statement was issued by the American Heart Association affirming CVD and periodontitis correlation
but acknowledging the absence of a definitive causative connection.”” Moreover, a systematic review by Dietrich et al,
which included 12 papers, yielded a similar conclusion on the correlation between periodontitis and atherosclerotic CVD.
Nevertheless, the authors included a cautionary note about the generalizability of their results, suggesting that they may
apply to certain groups only.’® A comprehensive case-control study conducted in Sweden examined periodontitis and
coronary disease correlation within 805 individuals. A significant increase in myocardial infarction risk among period-
ontitis individuals was revealed, with an odds ratio of 1.28. This increased risk persisted even after accounting for
confounding factors like marital status, education years, diabetes, and smoking.31

Sen et al’! conducted a more recent investigation and found that periodontitis subjects had more than double the risk
of thrombotic and cardioembolic stroke as those who keep their gums healthy. The link between CVD and periodontitis
was examined by Herrera et al.>> The goal of this study was to lend credence to the 2020 consensus report put forth by
the World Heart Federation and the European Federation of Periodontology. The study’s authors found that those with
periodontitis had a higher chance of developing coronary disease and having a heart attack. Nonetheless, consensus on

whether or not periodontitis contributes to later atherosclerotic CVD events is still lacking.***
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Figure | A summary of how different periodontitis-related factors contribute to cardiovascular disease risk.

Periodontitis Management and CVD Risk

Self-reported rates of brushing, better oral hygiene, dental visit frequency, and periodontal treatment results were
evaluated in a Cochrane review and the 2020 consensus report of interventional studies. The analysis concluded that
these variables are linked to cardiovascular incidents. The study’s authors concluded that periodontal therapy, which
includes education on good oral hygiene and more regular dental checkups, may have an effect on atherosclerotic
cardiovascular disease development beyond that seen with the management of conventional risk factors for CVD alone.
Although periodontitis treatment may be effective in decreasing or postponing atherosclerotic CVD events, the consensus
report found that there is a lack of meaningful evidence to support or refute this possibility.>***

Support for a causal link between periodontal disease and CVDs is provided by the positive impacts of periodontal
management on many indicators of metabolic control, cardiovascular prognostic markers, and systemic inflammation.*>’
An increasing body of clinical and translational research indicates that the enhancement of oral microbiome composition by
periodontal therapy, namely mechanical biofilm removal, results in a drop in disease-associated bacteria and a reduction in
inflammatory markers.>*** Blood pressure, WBCs, lipid profile, fibrinogen, and CRP are some of the surrogate markers of
cardiovascular disease that have been studied in interventional studies to evaluate the effect of periodontal treatment, "+
Bokhari et al** examined those who had both periodontitis and coronary disease. The study’s goal was to examine the
differences in results between a group who underwent scaling and root planing and a control group that did not. Following
scaling and root planing, the researchers found a decrease in WBCs, fibrinogen, and CRP levels. Six months into their
periodontal treatment, Caula et al*? assessed and monitored their progress. The study’s authors draw the conclusion that
inflammatory markers like C-reactive protein and triglyceride levels may be lowered with periodontal treatment. Systolic
blood pressure was shown to be lower after periodontal treatment in research by Houcken et al.*’ Furthermore,
a comprehensive analysis and synthesis of relevant studies indicated that periodontal treatment decreases the biomarkers
associated with atherosclerotic CVD and enhances endothelial function.*> Moreover, the findings of a recent comprehensive
survey conducted on a national scale by our research team demonstrate a negative correlation between home oral hygiene
habits, specifically the frequency and method of tooth brushing, and an individual’s blood pressure profile. This correlation
remains significant even after accounting for relevant factors that may influence the results, thereby establishing the initial

evidence of a link between blood pressure and oral hygiene practices.*® Large longitudinal research of 161,286 individuals
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found that maintaining good oral hygiene through regular toothbrushing and professional dental cleaning was correlated
with a diminished heart failure and atrial fibrillation risk.*’

Comparably, a research investigation involving a cohort of 247,696 individuals deemed to be in good health, aged 40
years or older, and without pre-existing CVDs was conducted as part of an oral health screening initiative. The results of
this research showed that the frequency with which people brushed their teeth was remarkably correlated with
a diminished cardiovascular events risk such as mortality, heart failure, stroke, and infarction. Moreover, the risk
reduction was even more pronounced if the participants reported receiving regular professional oral hygiene care.*
According to the findings of a longitudinal study involving 256 patients who were diagnosed with coronary artery
disease, it was observed that subjects having more teeth at the beginning of the study had a greater likelihood of
surviving CVD. Additionally, it was noted that individuals who demonstrated better oral hygiene had notable survival
advantages concerning mortality caused by CVDs.*®

To examine the potential systemic effects of periodontal therapy timing, Graziani et al** compared root planing and
scaling administration within a 24-hour timeframe to root planing and scaling done over four weeks. The impact of both
treatment regimens on inflammatory markers was additionally assessed. The findings suggest that whole root planing and
mouth scaling within a 24-hour timeframe leads to an elevated acute phase response, as seen by higher CRP levels and
IL-6. Nevertheless, the outcomes were temporary, and eventually, both treatment approaches yielded comparable results.
However, further research is required to ascertain if the heightened acute phase response influences the risk of CVD.*
The facts given in this study align with the findings of the previously discussed 2020 consensus report. The paper
provides evidence suggesting that periodontal therapy can decrease systemic, low-grade inflammation. Herrera et al*?
emphasized in their review that there is a scarcity of research examining periodontal therapy impact on CVD outcomes.

CVD Impact on Periodontitis

The putative connection between CVD and periodontitis has received great attention. The effects of CVD on period-
ontitis, however, have received less attention. In light of this, the 2020 consensus report concludes that there is currently
insufficient evidence to support the hypothesis that CVD is a risk factor for periodontitis.>* The link between CVD and
periodontitis has been studied extensively, and the results are clear. Tobacco use, being older, low socioeconomic status,
and being overweight are all risk factors for both periodontitis and cardiovascular disease; this may suggest that the

underlying pathophysiology of both conditions is similar.>>**’

Periodontic Events and Cardiovascular Risk

Epigenetics

Emerging data suggests that epigenetics is crucial in the association between PD and cardiovascular risk.”° Oral epithelial
cells, the body’s initial defense line against infectious microbes, may undergo epigenome modifications when exposed to
bacteria and bacterial metabolites. Modifications to signaling networks and gene expression result in alterations to the
inflammatory cell’s dynamic and function. Gene expression may be limited in response to environmental cues known as
epigenetic processes and changes. Therefore, DNA molecules do not include information on the modifications.
Epigenetics still dictates a comprehensive chromatin remodeling by subsequent chemical changes, resulting in gene
expression-related repression or activation. Some of the most critical environmental elements that influence epigenetic
dynamics include one’s habits, and exposure to smoking, toxic chemicals and radiation, and infections.

Non-coding RNA (such as micro-RNA)-based gene expression control, DNA methylation, and post-transcriptional
alternations to histones impacting chromatin composition are all important epigenetic processes. Single nucleotide
polymorphisms provide another layer of complexity by interacting with epigenetic processes that direct gene expression.
The pathophysiology of CVDs is heavily influenced by epigenetic changes and micro-RNA, both of which contribute to
the creation and vulnerability of atherosclerotic plaque.”’ A recent study outlined the critical epigenetic processes.’” The
first deals with how human cells react to their external environment, which may lead to mutations in the DNA. Then,
using a combination of the epigenetic initiator and epigenetic maintainer, the alterations are conserved throughout cell
divisions. The persistent inflammation and gram-negative bacteria in the mouth associated with poor dental hygiene may
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affect patterns of DNA methylation and histone protein modification in people with periodontitis.”® Cytokines, like IL-1
and —6, are essential players for periodontitis development, and epigenetic pathways regulate their effects. Environmental
variables are essential because of their involvement in causing epigenetic alterations relevant to disease development.>*
This might affect an individual’s propensity to acquire CVD risk factors.

Inflammation and Endothelial Dysfunction

The pathogenesis, progression, and clinical manifestation of CVD are all influenced by inflammation.>> Endothelial
nitrite oxidase synthase expression is downregulated, endothelial nicotinamide dinucleotide phosphate oxidase synthesis
is upregulated, and endothelial cell adhesion molecule expression is induced by inflammatory mediators, like pro-
inflammatory cytokines, as shown in numerous clinical studies.’®>” There may be a causative link among proinflamma-
tory cytokines and risk of CVD, as subjects with changes in these inflammatory indicators might possess increased risk
regardless of whether the levels of low-density lipoprotein were lowered.”® In addition, elevated CRP levels seemed to
mediate the connection between low tooth count at baseline and poor CVD survival,”® demonstrating an inverse
relationship between tooth count and CVD mortality. The monoclonal antibody canakinumab blocks IL-1f and reduces
cardiovascular events without changing low-density lipoprotein cholesterol, further supporting the idea that inflammation
is a key player in the development of CVD.°*®" The clinical effect of canakinumab was shown to be directly correlated
with the degree to which circulating CRP or IL-6 levels were reduced, as demonstrated by the CANTOS study. After
myocardial infarction, patients were analyzed in the Colchicine Cardiovascular Outcomes Trial (COLCOT).%> Both
studies concluded that low-dose colchicine was safe and effective in treating patients. Consequently, recent research
suggests that specific suppression of inflammation further decreases CVD risk-related events.®*%*

The significance of periodontal inflammation in vascular disease has continually been emphasized, but the precise
biomolecular pathways remain incompletely understood.®® Vascular endothelial cells, which are essential for preserving
the integrity of the vascular wall and whose dysfunction is a significant factor in CVDs, can release a variety of factors
that can modulate processes such as smooth muscle cell migration and proliferation, cell adhesion and migration, vessel
wall inflammation, and vascular thrombosis.®® In the presence of unfavorable stimuli, the phenotypic of vascular
endothelial cells transforms into an active state, often referred to as endothelial dysfunction.®® Endothelial dysfunction
contributes to developing and advancing several vascular and metabolic disorders, including hypertension, diabetes,
atherosclerosis, and hypercholesterolemia. Vascular inflammation encompasses a series of signaling cascades initiated by
endothelial mediators, resulting in heightened synthesis of cell adhesion molecules, chemokines, and cytokines, flaring
up inflammation.®® A remarkable indication of CVDs prognosis and risk is dysfunctional endothelium, developing prior
to the discovery of morphological vessel wall alterations.®®

Inflammatory indicators such pro-inflammatory cytokines, fibrinogen, WBCs, and CRP are all seen in higher
concentrations in people with CVD and PD. It is also worth noting that many of the risk factors for both diseases are
the same. These include tobacco use, poor oral hygiene, obesity, diabetes, stress, and lack of exercise. Those with PD
have an increased risk of hypertension, according to a number of studies looking at blood pressure monitoring and oral
health concerns.®”® Evidence for a positive linear link between both illnesses is mounting, as was noted in a paper
published jointly by the Italian Society of Hypertension and the Italian Society of Periodontology and Implantology. The
systolic blood pressure reading was shown to be strongly affected by the periodontitis severity.”” The conclusions from
a recently conducted pilot research add to the growing body of data linking oral and cardiovascular health. These results
suggest that people with PD who have higher amounts of several bacterial species—specifically F. nucleatum,
P intermedia, and A. actinomycetemcomitans—may be more prone to develop high blood pressure than those without
PD.”! The presence of P. gingivalis, an indicator of an unbalanced oral microbiota, has been found in studies of arterial
plaques in people with cardiovascular disease.”*"

Compared to those without PD, subjects diagnosed with severe periodontitis and heightened levels of pro-
inflammatory agents, like IL-1 and-6, CRP, and fibrinogen, exhibited an augmented presence of neutrophils in their
peripheral blood.**”* Neutrophils are drawn towards tissues via the influence of several chemoattractants, such as
leukotrienes A4 and B4. These chemoattractants also have implications in the development of atherosclerosis, as
shown by the presence of leukotrienes A4 hydrolase, 5-LO-activating protein, and 5-lipoxygenase in symptomatic
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human atherosclerotic plaques.”* Several disorders linked to oral health problems, such as CVDs, exhibit changes to
blood microbiota makeup together with the circulating neutrophils morphologies.”* Indeed, during their oral presence,
these microorganisms with the related byproducts might influence neutrophils functions, which may subsequently
migrate into the peripheral circulation, indirectly influencing overall systemic health outcomes. The variability of
endotoxin derived from oral microorganisms is contingent upon the composition of bacterial communities and the
state of oral health. Consequently, this variability has varied impacts on the mechanisms of cellular tolerance towards
lipopolysaccharides (LPS), contributing to periodontitis-related characteristic neutrophil phenotype.”* The creation of
extracellular traps created by may be triggered by interactions between microbes and their byproducts, such as
endothelial cells, activated platelets, together with pro-inflammatory cytokines, and LPS. Regarding periodontitis,
these DNA-based traps are aided with antimicrobial peptides and help with tissue injury infliction.”* Further evidence
suggests that extracellular neutrophil traps contribute to atherosclerosis and thrombosis development.”*

Periodontitis is linked to endothelial dysfunction, as evidenced by epidemiological studies and clinical evidence.”®
Long-term research of a sizable population found that periodontitis significantly affects patients’ ability to dilate their
blood vessels.”® A recent pilot investigation found a correlation between tooth mobility and endothelial dysfunction, as
measured by reactive hyperemia-peripheral arterial tonometry. This correlation was true across all ages and glycosylated
hemoglobin levels.”” Previous research has shown that patients with periodontitis had lower levels of functional capillary
density, capillary widths, resting red blood cell velocity, post-ischemic peak flow, and endothelium-independent
vasodilatation.”” It has been shown that the presence of P. gingivalis in periodontal infections affects matrix metallo-
proteinase-2/tissue inhibitor of metalloproteinases 2 complex, inflammatory mediators production, chemokines like
CX3C chemokine ligand 1, IL-8 and monocyte chemotactic protein-1, and myeloperoxidase within vascular endothelial
cells.”” Because of this, leukocytes and monocytes are better able to migrate to and adhere to the endothelium of blood
arteries. These immune cells have also been demonstrated to release extra inflammatory factors while transporting
periodontal bacteria into the arterial wall. Endothelial inflammation worsens as a result of this procedure.”” Elevated
blood fibrinogen levels are associated with periodontitis and have been shown to stimulate the production of inflamma-
tory mediators such IL-6, and-8, TNF-alpha, and matrix metalloproteinases like metalloproteinase-1 and —9, which in
turn may exacerbate endothelial inflammation.”®

Increased reactive oxidative stress generation in endothelial cells and reduced NO availability have also been linked
to periodontitis.”’ When it comes to endothelial dysfunction, reactive oxidative stress is a major factor. The buildup of
excessive reactive oxidative stress hinders the proper functioning of the nitric oxide (NO) signaling system, resulting in
a decrease in NO availability. This, in turn, leads to endothelial dysfunction by diminishing the capacity of the
endothelium to relax in response to various stimuli.”” Endothelial cells affected by P. gingivalis showed an augmentation
in generating mitochondrial reactive oxidative stress.*® Therefore, the significance of salivary NO levels as a critical
connection between periodontitis and endothelial dysfunction has been shown.*’

Oral Microbiome

The mouth is home to many different kinds of microorganisms called the oral microbiome, which include bacteria,
fungus, viruses, archaea, and protozoa.®' Dysbiosis of the oral microbiota is associated with the onset and progression of
different conditions, including CVDs and PDs (Figures 2 and 3).**® At the same time, there is mounting evidence
connecting oral dysbiosis to CVDs.***% For instance, nitrate-nitrite-nitric oxide entero-salivary pathway alternations
during oral dysbiosis may explain the link between chronic periodontitis and CVD.®” In 1994, two separate studies
reported the production of NO in the stomach from nitrite found in saliva in humans.***° This mechanism does not need
the action of nitric oxide synthase (NOS), but rather includes the circulation of inorganic nitrate via the digestive system
and saliva. Dietary nitrate is quickly assimilated in the upper gastrointestinal system. Within the bloodstream, it combines
with the nitrate generated by the oxidation of internally produced NO by the NOS enzymes. Following a nitrate-rich
meal, plasma levels of nitrate experience a substantial and sustained rise, with a half-life of 5-6 hours. Plasma nitrite
levels also rise after the consumption of nitrate.”® While a significant portion of the nitrate is eliminated by urine, about

25% is actively absorbed by the salivary glands and becomes concentrated up to 20 times in saliva.”"’’
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Figure 2 Oral microbiome dysbiosis is associated with various local and systemic conditions.

Upon entering the mouth, commensal facultative anaerobic bacteria use nitrate as a substitute electron acceptor
instead of oxygen during respiration. This process involves the reduction of salivary nitrate to nitrite via the activity of
nitrate reductases.”” These bacteria are necessary for the reduction of human nitrate, indicating a functioning symbiotic
interaction, as mammalian cells are unable to metabolize this anion efficiently. Salivary nitrate levels may reach up to 10
mM, whereas nitrite levels can range from 1 to 2 mM after consuming a meal high in nitrate.”” Upon entering the acidic
stomach, saliva (about 1-1.5 L per day) undergoes a process where a significant portion of the nitrite present is quickly
transformed into nitrous acid (HNO2; pKa = 3.3). This nitrous acid then breaks down into NO and other nitrogen
oxides.®* Reducing substances including vitamin C and polyphenols—both of which are prevalent in diets—greatly
increases the conversion of nitrite to NO.**"%° The significance of oral bacteria in the production of gastric NO is best
shown by research with germ-free rats, where the creation of gastric NO is minimal even when exposed to a diet rich in
nitrate. Apart from the stomach, there is evidence of a reductive route including nitrate, nitrite, and finally NO in the oral
cavity, skin surface, lower gastrointestinal tract, and urine.””®

Although the scientific community has mostly studied the possible negative impacts of nitrate and nitrite, the well-
established antibacterial properties of NO indicate that stomach NO may play a part in the body’s defense mechanisms.”**'*
Enteropathogens exhibit remarkable resilience in acidic conditions, however, their survival is significantly reduced when
exposed to a mix of acid and nitrite, leading to successful eradication.'®''%* DNA, proteins, and cell wall components are
among the many targets that reactive NO and others created from acidified nitrite attack harmful bacteria.'®* ' Another
suggested physiological function of gastric NO is to regulate the flow of blood in the mucosal lining and the production of
mucus. Human saliva’s impacts on these two crucial factors of gastric integrity were recently investigated in an in vivo

bioassay using rat gastric mucosa. No gas was immediately created and there was an increase in both mucosal blood flow
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Figure 3 Microbiome-related risks and its association with the development of atherosclerosis and ischemia.

and mucus thickness in a cyclic GMP-dependent manner when the rat stomach mucosa was exposed to saliva high in
human nitrite.'®” In addition, the introduction of nitrate into drinking water for a duration of one week has comparable
outcomes.'**'% The nitrate therapy causes nitrite to build up in the gastrointestinal mucus. When this mucus is removed,
the blood flow instantly returns to baseline, showing that the nitrite in the mucus is continuously slowly releasing “NO-like”
bioactivity.'”® It has also been proposed that salivary nitrite regulates the release of gastrin from the stomach.'%

Moreover, NO plays an important role in metabolic and cardiovascular balance and is a multifunctional signaling
enzyme. As a powerful endogenous vasodilator, it prevents vascular lesions from forming in atherosclerosis. Nitrite
oxidase, which is produced by some of the oral bacteria that cohabit with humans, is essential for the health of
endothelial cells and the regulation of arterial blood pressure.*”''" Subsequently, oral dysbiosis might lead to
a decline in beneficial bacteria that control nitrate levels in the mouth and a rise in pathogenic bacteria. This finding
suggests yet another correlation between CVDs and periodontitis. Diminished NO bioavailability due to defective
endothelium-related vasodilation impairment may also play a role in the development of various CVDs, including
coronary disease, hypertension, and atherosclerosis.''! NO production, which helps the entero-salivary nitrate cycle, may
be responsible for lowering blood pressure in both younger and older persons.''? Indeed, adding nitrates to the diet
increases the population of denitrifying organisms like Rothia sp. and Neisseria flavescens. On the other side, species like
Prevotella and Veillonella that convert nitrate to ammonium via a dissimilatory pathway see their populations decrease.
Lower blood pressure and higher plasma nitrite levels have both been linked to aging. Those who have hypercholester-
olemia also benefit greatly from enhanced vascular function.''®''* The total data demonstrates that the degree to which
the oral microbiome impacts the NO3-NO2-NO pathway and the related clinical consequences is determined by the
presence of particular nitrate-reduction pathways.

Periodontitis may also increase a person’s exposure to microbes and their byproducts, which might enter the blood-
stream either directly via inflamed oral tissues or indirectly through the digestive tract. Exposure to these chemicals causes
a systemic inflammatory and immune response. Major risk factors for metabolic illnesses include chronic endotoxemia

caused by periodontitis.** Bacterial biomarkers indicative of oral dysbiosis have been linked to subclinical atherosclerosis,
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existing and probable coronary disease, and the occurrence and recurrence of stroke. Blood pressure patterns were also
linked to an individual’s immunological response to periodontal bacteria.® It is also possible that, as part of this response,
antibodies that cross-react with antigens taken from the host (and hence cause atherosclerosis) are produced and stored for
a long time.**''* The term “oralome” describes the sum total of host-microbe interactions in the mouth."'> More than 700
different bacterial species have been found in the oralome, demonstrating its extraordinary richness and diversity.''®

Oral diseases including periodontitis and dental caries might originate from a shift in the normally stable oral
microbiome. There is a unique group of periodopathogens that may cause PD.''” T spirochetes, T. denticola,
T. forsythia, A. actinomycetemcomitans, F. nucleatum, and P. gingivalis are only few of the anaerobic gram-negative
bacteria that proliferate in the subgingival biofilm as the disease develops. Periodontal pockets are created when bacteria
invade tissues and create a microenvironment in which microbial and immune system balance is disturbed in both

mechanisms.''®

Many pro-inflammatory chemicals, including CRP, IL-1 and-6, TNF-alpha, and others, are synthesized
locally during the inflammatory response associated with this condition.''® An increase in the number of mediators
contributing to the breakdown of periodontal tissues accelerates this process.

Many different pathogen-associated molecular patterns are carried by periodontal pathogens, including peptidoglycan,
cytosine phosphate guanine dinucleotide, and LPS. Innate immunity’s inflammatory response is triggered by these
patterns and is dependent on the activation of host-cell pattern recognition receptors.'>’ Many pathogen and damage-
associated molecular patterns (PAMPS and DAMPs) are produced by the immune-inflammatory response and the
subsequent deterioration of periodontal tissues, which may influence the progression of atherosclerotic CVD.'*! One
study has compiled data on molecular signatures caused by pathogens and damage. These regularities were shown to
represent important molecular pathogenic pathways that link periodontitis and atherosclerosis in the research.'*

Toll-like receptors are activated by virulence factors and chemicals generated by periodontal pathogens, triggering an
exacerbated innate immune response and ultimately leading to the death of periodontal tissue. By releasing molecular
patterns within the circulation or via ectopic bacterial colonization establishment, the mouth cavity may send persistent
inflammatory signals to cardiovascular organs. This mechanism then initiates innate immunity inside the vascular milieu,
which furthers atherosclerosis development. Foam cell production and LDL changes induced by LPS in macrophages have
been detected. Through the activation of PKB and NF-kB signaling pathways, chemotaxis and adherence of monocytes to
vascular endothelial cells are promoted. Another mechanism by which LPS promotes the onset of endothelial dysfunction is
by inducing the production of angiotensin II and IL-6 in vascular endothelial cells.'*> Thus, it is possible that PD and
atherosclerosis have a connection via the activation of innate immunity via multiple PAMPs and DAMPs.'?* In individuals
with CVDs made worse by PD, PAMPs and DAMPs may give prospective targets for therapeutic approaches.

Recommendations and Future Directions
Experimental, clinical, and translational research are all contributing to a deeper understanding of the mechanisms by which
PD and CVD are linked. This research has added fresh, intriguing details that might be major factors in the most important
events related to cardiovascular illnesses. Oral microbiome dysbiosis leads to activated inflammatory pathways, the
presence of PAMPs and DAMPs and their related pattern recognition receptor activation, disruption of the entero-
salivary nitrate-nitrite-nitric oxide pathway, impairment of endothelial function, and epigenetic alterations. The final
image is quite complex and detailed. Establishing a suitable selection of blood or salivary biomarkers linked with PD
that correspond with the key signs related to cardiovascular functioning would be beneficial from a diagnostic standpoint.
Given the strong evidence linking PD to CVDs, it is reasonable to explore the possible role of periodontal treatment
in the management or prevention of first- and subsequent-incident CVDs. Most of the follow-up periods in the known
studies are shorter than a year, which may restrict the potential to duplicate the results, and the sample sizes are also
rather small. Significant adverse cardiovascular events were not reliably represented in most studies because they used
surrogate outcomes. Further research is required to consider the potential advantages of reducing inflammatory indicators
to minimize cardiovascular risk. Prospective trials with bigger sample numbers and longer follow-up periods are needed
to achieve this goal. Several studies have been undertaken to evaluate the effect of periodontal therapy on CVDs, while
some trials are still lacking. The results of these trials are encouraging, and they provide evidence that periodontal care
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Reducing inflammation around the gums may be an additional, physiologically feasible technique for improving
systemic health. Interventional and mechanistic results from recent studies imply that periodontal therapy may have
a beneficial effect on cardiovascular health. The effects of periodontal treatment of periodontal bacteria and the decrease
in low-grade systemic inflammation are responsible for this benefit. From this vantage point, periodontal medicine, which
is now recognized as an emerging field that collaborates with many healthcare professionals within a multidisciplinary/
interdisciplinary framework, would be able to effectively tackle systemic disorders connected to PD via the application of
appropriate periodontal treatments. Implementing a thorough periodontal care program has the ability to successfully
manage the inflammatory disease, and so serve as a preventative treatment or technique of regulating the progression of
CVD in people with PD. According to the findings of a recent research,'® this strategy can promote health and encourage
the adoption of healthy lifestyles while also mitigating various dental and systemic illnesses of epidemiological
relevance. Given the widespread prevalence of oral disorders and the substantial influence of oral health on overall
systemic health, it will soon be necessary to provide evidence-based arguments in favor of incorporating oral health care
into health promotion initiatives with the goal of improving both oral and systemic health.

Conclusion

Based on the current literature evidence, a remarkable correlation between CVDs and PD exists. This relationship is
believed to be mediated by various factors, including inflammation, epigenetics, epithelial dysfunction, oral microbiome
dysbiosis, and the efficacy of periodontitis treatment. Numerous studies have demonstrated that chronic inflammation owing
to PD can contribute to CVDs development and progression. Inflammatory mediators like IL-6 and CRP are high in
individuals with PD and cardiovascular conditions. Epigenetic modifications, like histone acetylation and DNA methylation,
have also been implicated within the link between CVD risk and PD. These modifications can affect gene expression
patterns related to inflammation and vascular function, potentially contributing to the development of CVDs. Epithelial
dysfunction is another crucial factor in this association. Disruption of the oral epithelial barrier due to PD allows for
increased oral bacteria and their byproducts translocation within the systemic circulation. This might trigger an immune
response leading to systemic inflammation and endothelial dysfunction, key contributors to cardiovascular risk.

Besides, oral microbiome dysbiosis observed in PD individuals further supports this connection. Imbalances in
microbial composition can lead to an overgrowth of pathogenic bacteria that produce pro-inflammatory substances. These
substances can enter the bloodstream and contribute to systemic inflammation and cardiovascular complications. Lastly,
the effectiveness of periodontitis treatment has been shown to impact cardiovascular risk. Studies have demonstrated that
successful management of periodontal disease through interventions like scaling and root planing or antimicrobial
therapy can improve systemic inflammatory markers and endothelial function, thereby reducing cardiovascular risk.
Subsequently, acknowledging PD as a potentially adjustable risk indicator for CVDs etiology and progression was aided
by the realization that inflammation plays a pivotal role in the development of these diseases and by the growing body of
data connecting PD to biomolecular mechanisms linked to cardiovascular risk.
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