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a b s t r a c t 

Cardiovascular diseases (CVDs) are a leading cause of morbidity and mortality worldwide with a high 

socioeconomic burden. Increasing evidence supports a convincing connection with increased cardiovas- 

cular risk of periodontal diseases (PD), a group of widespread, debilitating, and costly dysbiotic relapsing- 

remitting inflammatory diseases of the tissues supporting the teeth. Herein, we ensembled the best avail- 

able evidence on the connection between CVDs and PD to review the recently emerging concept of the 

latter as a non-traditional risk factor for CVDs. We focused on oral dysbiosis, inflammation-associated 

molecular and cellular mechanisms, and epigenetic changes as potential causative links between PD and 

CVDs. The available evidence on the effects of periodontal treatment on cardiovascular risk factors and 

diseases was also described. 

© 2023 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 
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As strongly supported by increasing experimental and clinical 

tudies, oral health plays a crucial role in general wellness. Al- 

hough the pathophysiological mechanisms have not been fully 

xplained, an increasing body of evidence accumulated over the 

ast two decades indicate a close relationship between oral and 

ardiovascular diseases (CVDs) [1–4] . 

CVDs are a group of disorders of the heart and blood vessels 

epresenting the most common non-communicable diseases and 

he leading cause of death and disability worldwide, with dramatic 

ocioeconomic impact [5] . Although genetic factors are pivotal for 

VDs, behavioral risk factors also substantially shape their de- 

elopment and progression. The most important modifiable risk 

actors include unhealthy diet, physical inactivity, smoking, and 

lcohol use [6] . To date, it has been clarified that these conditions 

romote systemic inflammation that has a crucial role in CVDs 

evelopment [7] . 
Abbreviations: AF, atrial fibrillation; CVD, cardiovascular disease; HF, heart fail- 

re; NSPT, non-surgical periodontal therapy; PD, periodontal disease; SPT, surgical 

eriodontal therapy. 
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Periodontal disease (PD) is a chronic, progressive inflammatory 

isease of the structures supporting the teeth that ultimately leads 

o their loss. It is considered a multifactorial disease [8] where dys- 

iosis of the oral microbiome plays a key role [9] . In predisposed 

ndividuals, PD develops because of plaque accumulation that ini- 

ially induces gingivitis, a reversible inflammation of the gums and 

oft tissues around the tooth. If left untreated, gingivitis progresses 

o periodontitis, an irreversible disruption of bone, cementum, and 

eriodontal ligament, ultimately leading to the final stage of dis- 

ase, characterized by tooth loss. As early as during disease onset, 

nflammatory mediators such as interleukin-1 β , interleukin-6, 

umor necrosis factor- α, and C-reactive protein become detectable 

n the bloodstream [10] ( Fig. 1 ). PD carries a high socioeconomic 

urden, representing the first cause of masticatory inability due to 

eeth loss and, with more that 50% of people affected worldwide, 

he second most prevalent oral disease globally. Recently, evidence 

ccumulated in support of an epidemiological association of this 

nflammatory disease of the mouth with a plenty of systemic 

ealth conditions, including CVDs [1] . In addition to sharing com- 

on denominators including advanced age, smoking habits, male 

ex, low physical activity, overweight/obesity, low socioeconomic 

tatus, and poor education [ 11 , 12 ], new evidence also indicates an

ndependent association between PD and CVDs [13] . Direct and in- 

irect mechanistic links have been proposed as the biological basis 

or the association between periodontal inflammation and CVDs. 

irect pathways include the translocation of proinflammatory 
nder the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.tcm.2023.03.003
http://www.ScienceDirect.com
http://www.elsevier.com/locate/tcm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tcm.2023.03.003&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:davide.pietropaoli@univaq.it
https://doi.org/10.1016/j.tcm.2023.03.003
http://creativecommons.org/licenses/by-nc-nd/4.0/


S. Altamura, R. Del Pinto, D. Pietropaoli et al. Trends in Cardiovascular Medicine 34 (2024) 267–275

Fig. 1. Natural progression of periodontitis in predisposed individuals. Biofilm accumulation causes periodontal deterioration at various extent depending on both personal 

and professional oral care habits. Gingivitis is a reversible inflammation of the gums where alveolar bone, periodontal ligament, and alveolar cement are not damaged. Its 

progression causes periodontal pockets and the irreversible destruction of the periodontal structures, finally leading to tooth mobility and loss. Mechanistically, systemic 

inflammatory markers (i.e., CRP, IL-1 β , IL-6, TNF- α) increase progressively with periodontal health deterioration, with impact on cardiovascular and general health. 
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a  
acteria from the oral cavity into the bloodstream and invasion 

f the cardiovascular system; indirect mechanisms involve the 

ctivation of systemic immune pathways causing and maintaining 

 chronic state of inflammation with possible nonspecific effects. 

s such, PD has been proposed as an emerging non-traditional 

odifiable risk factor for CVDs [ 10 , 12-15 ]. 

Through the present narrative review, we ensemble the litera- 

ure evidence on the mechanisms leading to increased cardiovas- 

ular risk in patients with PD and raise the question of whether 

D can be a modifiable risk factor for CVDs. Evidence is reported 

n the involvement of oral dysbiosis, molecular and cellular mech- 

nisms associated with inflammation, and epigenetic changes as 

otential causal links between PD and CVDs. Finally, the currently 

vailable data on the effects of PD treatment on cardiovascular risk 

actors and diseases are also discussed. 

earch methodology 

We conducted a literature search for peer-reviewed published 

rticles in the English language in the time range of January 20 0 0 

o January 2023 in Pubmed, Science Direct, and Web of Science 

atabases. Gray literature (unpublished/noncommercial publica- 

ions) was excluded. The medical evidence subject heading (MeSH) 

elated to periodontal diseases or periodontitis was first combined 

ith the operator ‘AND’ with the text words “cardiovascular dis- 

ases”. In addition, numerous other keywords have been crossed, 

ne at a time, with both “periodontal diseases” or “periodonti- 

is” and “cardiovascular diseases”, including oral microbiota; oral 

ysbiosis; inflammation; inflammatory biomarkers. Subsequently, a 

pecific literature search was carried out for each paragraph devel- 

ped in the review, combining appropriate keywords. A standard 

hree-step search and selection strategy was applied. We searched 

hrough the identified databases using combinations of our search 

pproaches. The first level of study selection involved screening the 

itle and abstracts of potentially interesting articles. After removing 

uplicates, the second screening level involved a full-text evalua- 

ion of papers. Thirdly, the reference lists of included studies were 

lso screened for additional manuscripts. 

ssociation between PD and CVDs 

Evidence has been reported regarding the relationship between 

D and specific CVDs - i.e., heart failure (HF), with its different 

henotypes, atrial fibrillation (AF), and atrial fibrosis. In particu- 
268
ar, a recent study has investigated the relationship between pe- 

iodontitis and HF using the Third National Health and Nutrition 

xamination Survey [16] . The results indicated that patients with 

oderate/severe periodontitis are at increased risk of HF. Indeed, 

he incidence in the group with moderate or severe periodontitis 

as 3-fold higher than the group with no or mild disease. In the 

therosclerosis Risk in Communities Study (ARIC), including 6707 

articipants with a median follow-up time of 13 years, periodon- 

al status was associated with unfavorable changes in biomark- 

rs of inflammation C-reactive protein and N-terminal brain na- 

riuretic peptide as well as increased risk for both HF with pre- 

erved ejection fraction and HF with reduced ejection fraction [17] . 

n the other hand, a recent study has evaluated the association 

f periodontitis with different HF phenotypes: HF with preserved 

jection fraction, HF with mildly reduced ejection fraction, and 

F with reduced ejection fraction. The findings indicated that se- 

ere periodontitis was significantly associated with HF with mildly 

educed ejection fraction, although no relevant associations were 

ound with HF with preserved ejection fraction [18] . To explain 

heir findings, the authors propose that by inducing systemic in- 

ammation and vascular permeability, PD leads to endothelial dys- 

unction, which, in turn, can result in myocardial ischemia with 

irect myocardial injury, potentially accounting for the association 

f severe PD and HF with mildly reduced ejection fraction. A sig- 

ificant association between plaque accumulation and prevalent AF 

hat was independent of age, sex, high-sensitivity CRP, body mass 

ndex, smoking, diabetes, and educational status was also reported, 

hus supporting the hypothesis that dental plaque and the asso- 

iated acute inflammatory response may have an impact on the 

evelopment of AF [19] . In addition, all the parameters of PD, in- 

luding oral examination, the remaining number of teeth, bleeding 

n probing, periodontal probing depth, and periodontal inflamed 

urface area, were positively associated and correlated with atrial 

brosis histologically analyzed in resected left atrial appendages 

20] . These findings strongly supported that periodontitis repre- 

ents a modifiable risk factor for structural heart diseases. 

ral microbiome dysbiosis in PD and risk factors for CVDs 

The oral microbiome is a complex community of microorgan- 

sms comprising bacteria, fungi, viruses, archaea and protozoa liv- 

ng in the oral cavity and dynamically interacting with the host 

21] . Dysbiosis of the oral microbiota is a feature of PDs’ initi- 

tion and progression [ 22 , 23 ]. In parallel, oral dysbiosis has in-
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reasingly been linked to CVDs [ 1 , 23-26 ]. Patients with periodon- 

itis are exposed to bacteria and their products, which have ac- 

ess to the circulation directly through inflamed oral tissues and 

ndirectly through the gastrointestinal tract, resulting in systemic 

mmuno-inflammatory responses. Periodontitis is associated with 

ersistent endotoxemia, which has been identified as a notable 

ardiometabolic risk factor [23] . Bacterial biomarkers of oral dys- 

iosis have been associated with an increased risk of subclinical 

therosclerosis, prevalent and future coronary artery disease, and 

ncident and recurrent stroke. The immunological response to peri- 

dontal bacterial was also found to be associated with blood pres- 

ure profile [25] . In addition, such response might also include the 

roduction of persistent, cross-reactive, proatherogenic antibodies 

gainst host-derived antigens [ 23 , 27 ]. 

The oralome, defined as the ensemble of the interactions be- 

ween the host and local microbes [28] , is second only to the 

ut microbiome in its abundance and diversity harboring over 700 

pecies of bacteria [29] . Disruption of the healthy oral microbiome 

an cause oral diseases like periodontitis and dental caries. PD 

riginates in response to a specific group of periodopathogens [30] ; 

redominantly, Gram-negative anaerobes, such as P. gingivalis, F. 

ucleatum, A. actinomycetemcomitans, T. forsythia, T. denticola and T. 

pirochetes increase in the subgingival biofilm during the disease. 

acteria infiltrate tissues and create periodontal pockets that rep- 

esent a microenvironment where the balance between microbes 

nd immune response is disrupted through direct and indirect 

echanisms [31] . The related inflammatory response is character- 

zed by the local production of various pro-inflammatory media- 

ors, including C-reactive protein, interleukin-1 β , interleukin −6, 

umor necrosis factor- α, matrix metalloproteinases, and interferon- 

amma [10] . As a result of the increase in such mediators, the de- 

ree of destruction of periodontal tissues is accelerated. Periodon- 

al pathogens contain numerous pathogen-associated molecular 

atterns, such as lipopolysaccharides, cytosine-phosphate-guanine 

inucleotide, and peptidoglycan D, which initiate the inflamma- 

ory response of innate immunity depending on the recognition 

f pattern recognition receptors of host cells [32] . The immuno- 

nflammatory response and destruction of periodontal tissues will 

roduce many damage-associated molecular patterns, which may 

urther affect the progression of atherosclerotic CVD [33] . A recent 

eview summarized the evidence of some representative pathogen- 

ssociated molecular patterns and damage-associated molecular 

atterns as a crucial molecular pathological mechanism bridg- 

ng periodontitis and atherosclerosis [34] . These molecules and 

irulence factors of periodontal pathogens stimulate the corre- 

ponding Toll-Like Receptors, activate excessive innate immunity, 

nd destroy periodontal tissue. The molecular patterns transfer 

hronic inflammatory signals from the oral cavity to cardiovascu- 

ar tissues by releasing them into the blood or by means of ec- 

opic bacterial colonization, thereby driving the activation of in- 

ate immunity in the vascular microenvironment and participat- 

ng in the progression of atherosclerosis. Lipopolysaccharides in- 

uce foam cell formation and macrophages to modify native low- 

ensity lipoproteins, promotes monocyte chemotaxis and adhesion 

o vascular endothelial cells through Protein Kinase B and nuclear 

actor kappa-light-chain-enhancer of activated B cells (NF- κB) sig- 

aling pathways, and can also induce the expression of angiotensin 

I and interleukin-6 in vascular endothelial cells, thus favoring 

ndothelial dysfunction [35] . Thus, several pathogen-associated 

olecular patterns and damage-associated molecular patterns re- 

ated to PD and the consequent activation of innate immunity 

ould represent a possible bridge between PD and atherosclero- 

is [34] . Of note, PD-related pathogen-associated molecular pat- 

erns and damage-associated molecular patterns may also be- 

ome new targets for treating patients with CVDs aggravated 

y PD. 
269
During oral dysbiosis, the alteration of the entero-salivary 

itrate-nitrite-nitric oxide pathway is another interesting mech- 

nism behind the correlation between chronic periodontitis and 

VDs [36] . Metabolic and cardiovascular homeostasis is supported 

y nitrite oxidase, a multifunctional signaling molecule represent- 

ng a potent endogenous vasodilator that prevents the formation 

f vascular lesions in atherosclerosis. In addition to being synthe- 

ized by nitric oxide synthase, nitrite oxidase can also result from 

he bioconversion of dietary nitrate into nitrite by oral bacteria, 

hrough a process known as the NO3 
−-NO2 

−-NO reduction path- 

ay. By reducing NO3 
−-NO2 

−, some commensal oral bacteria can 

rovide bioactive nitrite oxidase, essential for endothelial cell func- 

ion and the regulation of arterial blood pressure [ 36 , 37 ]. Conse-

uently, in conditions of oral dysbiosis, a reduction of bacteria ca- 

able of reducing oral nitrate and an increase in pathogenic bac- 

eria could represent another possible link between periodontitis 

nd CVDs. 

Reduced bioavailability of nitrite oxidase by dysfunctional en- 

othelium and the consequent impaired vasodilation is responsi- 

le for the pathogenesis of several CVDs, including atherosclerosis, 

ypertension, and coronary heart disease [38] . Thanks to the gen- 

ration of nitrite oxidase, the entero-salivary nitrate cycle can in- 

eed reduce blood pressure in both young and old subjects [39] . 

n fact, dietary supplementation of nitrates increases the num- 

er of denitrifying species such as Neisseria flavescens and Rothia 

p ., while dissimilatory nitrate reduction to ammonium organisms, 

uch as Veillonella and Prevotella, decrease. These changes are asso- 

iated with increased plasma levels of nitrites and reduced blood 

ressure in elderly individuals, as well as a significant improve- 

ent in vascular function in patients with hypercholesterolemia 

 39 , 40 ]. Overall, the available evidence suggests that the impact 

f oral microbiome on the NO3 
−-NO2 

−-NO pathway and the as- 

ociated clinical outcomes would largely depend on which nitrate- 

educing species and nitrate reduction pathways are predominant 

nder specific conditions. 

nflammatory markers and association between PD and CVDs 

Inflammation plays a fundamental role in the genesis, progres- 

ion, and manifestation of CVDs [41] ( Fig. 1 ). Numerous clinical 

tudies have shown that inflammatory markers, such as the proin- 

ammatory cytokines, reduce the expression of endothelial ni- 

rite oxidase synthase, increase the endothelial synthesis of nicoti- 

amide adenine dinucleotide phosphate oxidase, and promote the 

xpression of endothelial cell adhesion molecules [ 42 , 43 ]. Proin- 

ammatory cytokines are closely associated with CVD risk, and pa- 

ients with alterations in these inflammatory parameters may be at 

ncreased risk even when low-density-lipoprotein levels are con- 

rolled [44] . Of note, an inverse association has been reported be- 

ween the number of teeth and CVD mortality, with lower baseline 

ooth count being related with reduced CVD survival, and such re- 

ation appeared to be mediated by high C-reactive protein levels 

45] . 

The central role of inflammation in the causal pathway of 

ardiovascular risk is confirmed by the results of the CANTOS 

tudy [ 46 , 47 ], in which treatment with a monoclonal antibody, 

anakinumab, an interleukin-1 β antagonist, led to a significant re- 

uction in cardiovascular events without any effect on low-density 

ipoprotein cholesterol. CANTOS also demonstrated that the extent 

f clinical benefit observed with canakinumab was proportional to 

he reduction in circulating C-reactive protein or interleukin-6. In 

ddition to CANTOS, the Colchicine Cardiovascular Outcomes Trial 

COLCOT) study evaluated the assumption of low-dose colchicine 

n patients after myocardial infarction [48] . Current evidence thus 

ndicates that non-selective inhibition of inflammation significantly 

educes CVD risk-related events [ 49 , 50 ]. 
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Inflammatory markers that increase in both CVD and PD include 

hite blood cells, C-reactive protein, fibrinogen, intercellular adhe- 

ion molecule 1, and pro-inflammatory cytokines. In addition, both 

iseases share similar risk factors, such as smoking, poor oral hy- 

iene, diabetes mellitus, obesity, stress, and reduced physical activ- 

ty. Studies based on blood pressure measurement and oral health 

onditions found an increased risk of hypertension associated with 

D [51–53] . In a joint report of the Italian Society of Hyperten- 

ion and the Italian Society of Periodontology and Implantology, 

he growing evidence of a positive linear association between the 

wo conditions was reported as being conditioned by periodonti- 

is severity and to strongly influence the systolic component of BP 

54] . 

Further confirmation of the oral-cardiovascular health connec- 

ion comes from the preliminary results of a recent pilot study, 

howing that PD patients with higher amounts of some bacterial 

pecies, i.e., A. actynomicetemcomitans, P. intermedia , and F. nuclea- 

um , appeared to be at increased risk of high blood pressure than 

ealthy controls [55] . Analyses of arterial plaques from patients 

ith CVDs have identified bacterial lipids and whole bacteria de- 

ived from a dysbiotic oralome, including P. gingivalis [ 56 , 57 ]. 

Compared to healthy controls, patients with severe periodon- 

itis and elevated levels of proinflammatory mediators, such as 

nterleukin-1, interleukin-6, C-reactive protein, and fibrinogen, also 

ad increased neutrophils count in the peripheral blood [ 58 , 59 ]. 

eutrophils are attracted to tissues by a variety of chemoattrac- 

ants, including leukotrienes A4 and B4, which play a role also 

n atherosclerosis, as symptomatic human atherosclerotic plaques 

xpress 5-lipoxygenase, 5-LO-activating protein, and leukotrienes 

4 hydrolase [59] . Many diseases associated with oral health dis- 

urbances, including CVDs, show alterations in the composition of 

he blood microbiota and circulating neutrophils phenotypes [59] . 

n fact, while in the oral cavity, oral microbes and their prod- 

cts can manipulate the activity of neutrophils that can later en- 

er the peripheral bloodstream, thereby exerting an indirect impact 

n systemic health outcomes. Endotoxin from oral microbes may 

ary depending on bacterial communities and oral health status, 

hereby differentially affecting cellular lipopolysaccharides toler- 

nce mechanisms that contribute to the neutrophil phenotype typ- 

cal of periodontitis [59] . Microorganisms and their products, in- 

luding lipopolysaccharides, but also proinflammatory cytokines as 

ell as the interaction with activated platelets or endothelial cells 

an trigger the formation of neutrophil extracellular traps, consist- 

ng of a DNA scaffold enriched with antimicrobial peptides that 

ontribute to tissue damage in periodontitis [59] . In parallel, neu- 

rophil extracellular traps were found to contribute to atheroscle- 

osis and thrombosis [59] . 

he PD-associated events leading to systemic endothelial dysfunction 

The role of periodontal inflammation in vascular pathology has 

een consistently highlighted, even if the underlying biomolecular 

echanisms have not been fully elucidated so far [60] . Vascular 

ndothelial cells, which play a crucial role in the maintenance of 

ascular wall integrity and whose functional impairment is critical 

or CVDs, can secrete various factors able to regulate cell migration 

nd adhesion, vascular thrombosis, smooth muscle cell prolifera- 

ion and migration, and vessel wall inflammation [61] . When re- 

ponding to adverse stimuli, the phenotype of Vascular endothelial 

ells changes to an activated one, i.e., endothelial dysfunction [61] . 

ndothelial dysfunction promotes the occurrence and progression 

f vascular and metabolic diseases, such as atherosclerosis, hyper- 

holesterolemia, diabetes, and hypertension. Vascular inflammation 

nvolves signaling cascades triggered by endothelial mediators and 

eading to increased production of cytokines, chemokines, and cell 

dhesion molecules that direct the recruitment of inflammatory 
270
ells [61] . The pathological state of dysfunctional endothelium as 

n early change occurring before morphologic alterations in the 

lood vessel wall become detectable is thought to be an indepen- 

ent predictor of the risk and prognosis of CVDs [61] . 

Many epidemiological studies and clinical evidence have con- 

rmed the correlation between periodontitis and endothelial dys- 

unction [62] . In a large longitudinal population-based study, pe- 

iodontitis has been significantly associated with impaired flow- 

ediated dilation [63] . Moreover, in an updated pilot study, 

ncreased tooth mobility has been correlated with endothelial 

ysfunction, assessed by reactive hyperemia-peripheral arterial 

onometry, independent on age and glycosylated hemoglobin [64] . 

 decrease in functional capillary density, capillary diameters, red 

lood cell velocity at rest, endothelium-independent vasodilatation, 

nd post-ischemic peak flow was described in patients with peri- 

dontitis [62] . As an example, periodontal infection by P. gingivalis 

an modulate the production of inflammatory cytokines, myeloper- 

xidase, matrix metalloproteinase-2/tissue inhibitor of metallopro- 

einases 2 complex, and chemokines, such as monocyte chemotac- 

ic protein-1, interleukin-8, and CX3C chemokine ligand 1 in vas- 

ular endothelial cells [62] . Consequently, the release of inflam- 

atory factors amplifies the migration and adhesion of leukocytes 

nd monocytes to the intimal layer of blood vessels. These im- 

une cells can also transport periodontal bacteria into the vessel 

all and secrete more inflammatory factors at the same time, ul- 

imately exacerbating endothelial inflammation [62] . Periodontitis 

as also associated with higher plasma fibrinogen levels, which 

an further stimulate the production of monocyte chemotactic 

rotein-1, interleukin-6, interleukin-8, tumor necrosis factor- α, ma- 

rix metalloproteinase-1, and matrix metalloproteinase-9, thereby 

ggravating endothelial inflammation [65] . 

In addition to the above, an increased endothelial synthesis 

f reactive oxidative stress and reduced nitric oxide bioavailabil- 

ty were found to occur during periodontitis [66] . Reactive oxida- 

ive stress is an essential factor in causing endothelial dysfunction. 

xcessive reactive oxidative stress accumulation interferes with 

he nitric oxide signaling pathway, thereby reducing nitric oxide 

ioavailability, leading to endothelial dysfunction through reduc- 

ng endothelium-dependent relaxation [66] . Increased mitochon- 

rial reactive oxidative stress production has been observed in en- 

othelial cells infected with P. gingivalis [67] . Thus, salivary nitric 

xide levels are confirmed as crucial linkage between periodontitis 

nd endothelial dysfunction [68] . 

pigenetics in the relationship between PD and cardiovascular risk 

The significant role of epigenetics in the relationship between 

D and cardiovascular risk constitutes emerging evidence [69] . 

ral epithelial cells are the first-line defense against pathogens, 

nd the presence of bacteria and their products can induce alter- 

tions in their epigenome that in turn affects inflammatory cells 

ynamic and functioning by inducing changes in signaling path- 

ays and gene expression. Epigenetic mechanisms and modifica- 

ions involve environmental factors that modify gene expression 

ithout any change in the underlying DNA sequence. As a result, 

he changes are not encoded in DNA molecules. Still, through sub- 

equent chemical alterations, epigenetics determines a complete 

emodeling of chromatin, resulting in gene expression activation 

r suppression. Environmental factors, including lifestyle, exposure 

o heavy metals and radiation, smoking, and infectious agents, are 

ey drivers of epigenetic dynamics. Crucial epigenetic mechanisms 

oncern DNA methylation, post-transcriptional modifications of hi- 

tones, which also affect chromatin structure, and gene expression 

odulation by non-coding RNA (e.g., by means of micro-RNA,). 

o make things more complex, single nucleotide polymorphisms 

an interact with epigenetic mechanisms in orienting genes ex- 
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Table 1 

Evidence in favor and against the benefit of periodontal therapy on cardiovascular risk markers. 

Year Aim Study design and n. 

patients 

Outcome and follow-up References 

2003 Effect of PD therapy on CVD 

risk-associated inflammatory markers. 

RCT (n. 39 patients) NSPT didn’t significantly influence levels of any of the 

systemic markers (3-month follow-up). 

[82] 

2005 Effect of PD therapy on CVD risk 

factors in patients with severe PD. 

Clinical trial (n. 30 

patients) 

NSPT + systemic antibiotic therapy improved flow 

mediated dilatation and decreased CRP concentrations. 

No changes in BP measures and 

endothelium-independent nitro-induced vasodilation 

(3-month follow-up). 

[83] 

2006 Effect of PD therapy on endothelial 

function. 

Pilot trial (n. 22 patients) NSPT resulted in significant improvements in periodontal 

pocketing, flow mediated dilatation, and serum IL-6, as 

well as a trend toward reduction in serum CRP. No 

significant changes in nitroglycerin-mediated dilation or 

in cholesterol levels (1-month follow-up). 

[84] 

2006 Effect of PD therapy on 

CVD-associated inflammatory markers, 

lipid profiles and BP. 

RCT (n. 40 patients) NSPT + local antibiotic therapy reduced systemic 

inflammatory markers (i.e., IL-6 and CRP) and systolic BP, 

and improved lipid profiles with subsequent changes in 

cardiovascular risk (6-month follow-up). 

[85] 

2007 Effect of PD therapy on endothelial 

function. 

RCT (n. 120 patients) NSPT + local antibiotic therapy treatment was associated 

with improvement in endothelial function (6-month 

follow-up). 

[86] 

2008 Effect of PD therapy on CVD-risk. Periodontitis and Vascular 

Events (PAVE) pilot study 

(n. 600 patients) 

NSPT to individuals with heart disease resulted in a 

similar pattern of adverse events as seen in the 

community care group, which also received some 

treatment (18-month follow-up) 

[87] 

2008 Effect on PD therapy on endothelial 

function and inflammatory markers. 

RCT (n.64 patients) NSPT + systemic antibiotic therapy improved ED and 

significantly decreased serum concentrations of IL-6 and 

CRP (24-week follow-up) 

[88] 

2009 Effect of PD therapy on CHD risk 

markers. 

RCT (n. 101 patients) NSPT reduced inflammatory markers (IL-6, CRP), and 

improved flow mediated dilatation in patients with 

chronic kidney disease and PD, although reported 

not-statistically significant effects on BP (24-week 

follow-up). 

[89] 

2009 Effect of PD therapy on systemic 

levels of hs-CRP. 

RCT (n. 303 patients) NSPT did not influence CRP levels (6-month follow-up) [90] 

2009 Effect of PD therapy on cardiovascular 

markers. 

RCTs (n. 22 patients) NSPT was effective in reducing the plasma levels of IL-6, 

CRP, and fibrinogen in hypertensive patients (3-month 

follow-up). 

[91] 

2010 Effect of PD therapy on ED and 

inflammatory markers. 

RCT (n. 50 patients) NSPT did not have significant effects on ED and systemic 

levels of CRP (3-month follow-up) 

[92] 

2010 Effect of initial PD therapy on 

systemic markers of inflammation and 

cardiovascular risk. 

RCT (n. 125 patients) NSPT reduced the levels of CRP, fibrinogen, PAI-1, 

platelets, neutrophils, and total white blood cells but only 

the difference in fibrinogen levels was statistically 

significant when compared with the control group 

(3-month follow-up). 

[93] 

2011 Effect of PD therapy on CVD-risk 

associated 

RCT (n. 165 patients) NSPT + systemic antibiotic therapy reduced CRP and 

fibrinogen levels in patients with periodontal and 

metabolic diseases (12-month follow-up). 

[94] 

2012 Effect of PD therapy on CHD risk 

markers. 

RCT (n. 246 patients) NSPT led to decrease in CPR, fibrinogen, and white blood 

cell levels (2-month follow-up). 

[95] 

2013 Effect of PD therapy on cardiovascular 

markers and CVD-risk associated. 

Interventional prospective 

cohort pilot study (n. 26 

patients) 

NSPT significantly reduced levels of CRP, IL-6, fibrinogen, 

BP, left ventricular mass, and arterial stiffness, lowering 

cardiovascular risk in refractory hypertensive patients 

(6-month follow-up). 

[96] 

2013 Effect of PD therapy on inflammatory 

markers and lipid profile. 

RCT (n. 40 patients) NSPT led to improvement in TNF- α, IL-6, CRP and LDL 

values in stable chronic kidney disease patients (3-month 

follow-up) 

[97] 

2013 Effect of PD therapy on inflammatory 

markers in children with congenital 

heart disease. 

RCT (n. 33 patients) NSPT were effective in reducing fibrinogen, and IL-6 

(6-month follow-up). 

[98] 

2014 Effect of PD therapy on CVD 

risk-associated inflammatory markers 

and lipid profile. 

RCT (n. 66 patients) NSPT was effective in reducing the levels of systemic 

inflammation markers (i.e., CRP, ESR) and improved the 

lipid profile (6-month follow-up). 

[99] 

2015 Effect of PD therapy on CRP levels. Cross-sectional study (n. 

participants 150) 

SPT results in significant decrease in CRP levels (3-month 

follow-up) 

[100] 

2015 Effect of short-term PD therapy on 

inflammatory markers. 

RCT (n. 38 patients) NSPT results in significant increase of CRP, IL-6, and 

TNF- α levels after 24 h. 

[101] 

2015 Effect of PD therapy on BP and lipid 

profile. 

RCT (n. 55 patients) NSPT reduced systolic BP and VLDL values in chronic 

kidney disease patients (6-month follow-up) 

[102] 

2016 Effect of PD therapy on CVD risk 

markers. 

Pilot intervention study (n. 

109 patients) 

NSPT + systemic antibiotic therapy induced a 

significantly reduction in systolic BP (6-month follow-up) 

[103] 

2016 Effect of PD therapy on BP and lipid 

profile in patients with metabolic 

syndrome. 

Case-control study (n. 50 

patients) 

NSPT induced a reduction of some inflammatory markers 

(i.e., CRP, IL-6). No change of BP and Hb-A1c (6-month 

follow-up) 

[104] 

2017 Effect of PD therapy on CVD risk 

markers. 

RCT (n. 44 patients) NSPT induced a reduction in CRP (2-month follow-up) [105] 

( continued on next page ) 
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Table 1 ( continued ) 

Year Aim Study design and n. 

patients 

Outcome and follow-up References 

2017 Effect of PD therapy on platelet 

reactivity and number. 

Clinical trial (n. 25 

patients) 

NSPT reduced the expression of platelet marker activation 

(P-selectin, CD63 expression, and PAC-1) and platelet 

count. 

[106] 

2017 Effect of PD therapy on BP and 

endothelial function. 

RCT (n. 95 patients) NSPT without any antihypertensive medication therapy is 

an effective means to lower levels of BP and EMPs in 

patients with prehypertension (6-month follow-up). 

[107] 

2018 Effect of PD therapy on vascular 

health parameters. 

RCT (n. 55 patients) NSPT + systemic antibiotic therapy led to a reduction of 

PWV, and an increase of PPao. No change was registered 

in AIx, and RRsys (12-month follow-up) 

[108] 

2018 Effect of short-term PD therapy on 

inflammatory markers. 

RCT (n. 31 patients) NSPT led to an increase of proinflammatory cytokines 

after 24 h. 

[109] 

2019 Effect of PD therapy on endothelial 

function. 

RCT (N. 69 patients) NSPT led to a reduction of sVCAM-1, sICAM-1, and 

P-selectin (3-month follow-up) 

[110] 

2019 Effect of PD therapy on inflammatory 

markers. 

RCT (n. 101 patients) NSPT improved BP, endothelial function, and 

inflammatory markers (INF- γ , IL-6), previously 

implicated in hypertension (2-month follow-up). 

[111] 

2019 Effect of PD therapy on inflammatory 

markers. 

RCT (n. 82 patients) NSPT lowered levels of CRP, IL-6 and IL-8 in 

cardiovascular patients with high CRP levels (3-month 

follow-up). 

[112] 

2019 Effect of PD therapy on inflammatory 

markers, and lipid profile. 

RCT (n. 30 patients) NSPT + SPT significantly improved serum lipid profile and 

reduced CRP levels (3-month follow-up) 

[113] 
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ression. Epigenetic modifications and micro-RNA play a decisive 

ole in the pathogenesis of CVDs, are involved in the progression 

f atherosclerosis, and are rather impactful in the development 

nd vulnerability of atherosclerotic plaque [70] . A recent review 

ummarized the main pathways through which epigenetic mech- 

nisms occur [71] . The initial pathway concerns the effect of exter- 

al environmental factors on human cells and can cause changes 

t the DNA level. Next, the non-coding RNAs, the epigenetic initia- 

or, and the epigenetic maintainer are responsible for inheritance 

f such changes across generations of cells. During periodontitis, 

he presence of chronic inflammation, combined with the constant 

resence of Gram-negative bacteria due to poor oral hygiene, can 

romote DNA methylation patterns and histone protein modifica- 

ion [72] . In turn, epigenetic mechanisms regulate the effect of cy- 

okines, such as interleukin-1 and interleukin-6, protagonists in the 

rogression of periodontitis. For their role in inducing epigenetic 

odifications of relevance in disease pathogenesis, environmental 

actors are crucial and can influence the individual predisposition 

o develop CVD risk factors [73] . 

an CVDs be prevented or controlled through treatment of PD? 

The effects of periodontal treatment on several markers of 

ystemic inflammation, cardiovascular health parameters, and 

etabolic control are encouraging, strongly supporting the causal 

ssociation of PD with CVDs [74–76] . A growing number of clini- 

al and translational studies suggest that, by improving oral micro- 

iome composition, mechanical biofilm removal with periodontal 

reatment leads to a reduced burden of disease-associated bacte- 

ia and decreases inflammatory markers [ 77 , 78 ]. The results of a

ecent nationwide, real-world, opportunistic survey by our group 

ndicate that home oral hygiene habits, specifically tooth brushing 

requency and modality, are inversely associated with blood pres- 

ure profile, independent of relevant confounders, thus providing 

he first evidence of an association between oral hygiene practices 

nd blood pressure [79] . Of note, in a nationwide general popula- 

ion based longitudinal study including 161,286 participants, oral 

ygiene expressed in terms of frequent toothbrushing, and profes- 

ional dental cleaning was reported to reduce the risk of AF and HF 

80] . Similarly, a study of 247,696 healthy adults ( ≥40 years) with- 

ut baseline CVDs, undergoing an oral health screening program 

howed a 9% reduction in the risk of fatal/nonfatal cardiovascu- 

ar events, including myocardial infarction, stroke, HF, and cardio- 
272
ascular death, for every unitary increase in daily toothbrushing 

requency, and even more so if regular professional oral hygiene 

as reported [77] . Based on the results of a longitudinal study on 

56 patients with a confirmed diagnosis of coronary artery disease 

median follow-up of 18.8 years), a higher baseline tooth count 

as associated with increased CVD survival, and better oral hy- 

iene performance was associated with significant survival benefits 

gainst CVD mortality [81] . 

On the other hand, the evidence of the effect of intensive PD 

herapy (oral hygiene education, scaling, and root planning) in re- 

ucing CVD risk, even if encouraging, is still controversial. To give 

 broader picture of the available results from the clinical trials, 

able 1 shows the evidence in favor and against the efficacy of 

urgical or non-surgical periodontal treatment (SPT or NSPT, re- 

pectively) in terms of cardiovascular protection. First of all, lim- 

tations of the available trials include relatively small sample size, 

hich may affect the reproducibility of the results, and the short 

bservational period (follow-up mostly lower than 12 months). In 

ddition, most trials used surrogate outcomes, which could not re- 

ect a real effect on major adverse cardiovascular events. Prospec- 

ive studies and further trials with larger sample sizes and ex- 

ended observation periods are required to evaluate the benefits of 

educing inflammatory markers to decrease global cardiovascular 

isk. 

onclusions and future directions 

The crucial role of inflammation in CVDs and the growing evi- 

ence relating PD with cardiovascular risk-associated biomolecular 

vents has led to identifying PD as an emerging modifiable non- 

raditional risk factor in the development and progression of CVDs. 

hanks to several experimental, clinical, and translational studies, 

he framework of the mechanisms underlying the causal associa- 

ion between PD and CVDs is being enriched with new elements 

f great interest as potential protagonists in the main events as- 

ociated with cardiovascular risk, including oral microbiome dys- 

iosis, inflammatory pathways, pathogen-associated molecular pat- 

erns and damage-associated molecular patterns, pattern recog- 

ition receptors, entero-salivary nitrate-nitrite-nitric oxide path- 

ay, endothelial dysfunction, and epigenetic modifications. The re- 

ulting picture is highly complex and intricate. From a diagnos- 

ic point of view, it may be helpful to define a suitable panel of 
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D-associated salivary or blood biomarkers that correlate with the 

ain parameters linked to cardiovascular functions. 

As the relationship between PD and CVDs is strongly supported 

y evidence, it is rational to explore whether periodontal treat- 

ent can contribute to the management or prevention of the oc- 

urrence or recurrence of CVDs. Even though randomized con- 

rolled trials are still too few to draw definitive conclusions, the 

esults of many studies aimed to evaluate the effect of periodon- 

al therapy on cardiovascular conditions are encouraging and sus- 

ain the causal association with CVDs. With an estimated extension 

f the inflamed area during active disease that equals the palm of 

ne’s hand, achieving control of gums inflammation might repre- 

ent a biologically plausible complementary approach to systemic 

ellbeing. Indeed, recent interventional and mechanistic evidence 

ighlights a potential benefit of periodontal therapy on cardiovas- 

ular health that is at least in part mediated by its effects on peri-

dontal microbiome and low-grade systemic inflammation. In this 

erspective, periodontal medicine, currently recognized as a novel 

iscipline interacting with other health professions in a multidisci- 

linary/interdisciplinary context, will be able to appropriately ad- 

ress PD-associated systemic diseases by implementing periodon- 

al therapies. Indeed, controlling the overall inflammation status by 

eans of a good periodontal maintenance program could prevent 

r control the progression of CVDs in PD patients. As recently sug- 

ested [3] , this model will allow not only the prevention of many 

ral and systemic diseases of epidemiological importance, but also 

romote health and healthy lifestyles in the population. So, given 

he importance of oral health for systemic wellbeing and the high 

revalence of oral diseases, in the next future it will be necessary 

o provide evidence that supports the need to integrate oral health 

are within health promotion strategies for oral and general well- 

ess. 
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