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Abstract. Periodontitis, a common oral disease, is increas‑
ingly recognized for its potential impact on systemic health, 
particularly its association with heart failure (HF). HF is a 
complex clinical syndrome with a multifactorial pathogenesis. 
Emerging evidence suggests that periodontitis may influence 
the cardiovascular system and contribute to the onset and 
progression of HF through mechanisms such as systemic 
inflammation, microbial shifts, and immune dysregulation. 
However, current research still faces limitations in establishing 
causality and elucidating the precise underlying mechanisms. 
Furthermore, clinical intervention strategies require further 
investigation. Relevant literature was identified from PubMed, 
Web of Science, and Scopus using keywords related to peri‑
odontitis and heart failure, and screened for relevance to 
epidemiological evidence, mechanistic insights, and clinical 
implications. The present review aimed to summarize the 
mechanisms linking periodontitis and HF, analyze their 
shared pathophysiological basis, and discuss the potential role 
of periodontal treatment in improving outcomes for patients 
with HF. Clinically, periodontal assessment may be considered 
in patients with heart failure as part of multidisciplinary care, 
but current evidence remains insufficient to support definitive 
recommendations that such evaluation or treatment improves 
HF outcomes.
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1. Introduction

Heart failure (HF) poses a significant global health burden, 
marked by progressive deterioration of cardiac function that 
results in considerable morbidity, mortality, and impaired 
quality of life for millions of individuals worldwide  (1,2). 
As a complex clinical syndrome, HF represents the common 
end‑stage manifestation of various cardiovascular diseases, 
underpinned by a range of etiological factors such as isch‑
emic heart disease, hypertension, and diabetes mellitus (3). 
Beyond these established risk factors, accumulating evidence 
highlights the role of chronic inflammatory conditions as 
important, although often overlooked, contributors to the 
pathogenesis and progression of HF (4‑6).

Among these conditions, periodontitis, a highly prevalent 
chronic inflammatory disease of the supporting structures 
of the teeth, driven by dysbiotic microbial communities and 
a dysregulated host inflammatory response, has emerged as 
a potentially modifiable risk factor for systemic diseases, 
including cardiovascular disorders  (7). Once considered a 
localized oral infection, periodontitis is now increasingly 
recognized for its systemic implications. The persistent, 
low‑grade inflammation and transient bacteremia associated 
with periodontal disease are considered to initiate or amplify 
pathological processes in distant organs (8,9).

Recent epidemiological evidence has suggested an asso‑
ciation between periodontitis and HF. Notably, this evidence 
comes from several types of human studies, including 
population‑based cross‑sectional analyses, prospective cohort 
studies and serological or biomarker‑based investigations. 
Collectively, these studies indicate that more severe periodon‑
titis is associated with a higher prevalence of HF, an increased 
risk of incident HF and less favorable clinical profiles among 
patients with established HF (10‑12). However, these observa‑
tional findings primarily support an association rather than a 
confirmed causal relationship, and the possibility of residual 
confounding by shared risk factors, such as age, smoking, 
diabetes and socioeconomic status, should be acknowledged.

These observations suggest the existence of an ‘oral‑cardiac 
axis’, mediated by multifactorial and interconnected biological 
pathways. Among them, systemic inflammatory spillover from 
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periodontal lesions is supported by both human and experi‑
mental evidence. By contrast, other mechanisms, including 
direct bacterial translocation to cardiac tissues, autoimmune 
responses triggered by molecular mimicry and maladaptive 
trained immunity and oral‑gut axis disruption, are supported 
mainly by animal studies, in vitro experiments, or indirect 
human observations; therefore, these findings should be 
interpreted as putative rather than definitively established 
mechanisms (13‑15).

Despite the growing body of evidence, a definitive causal 
link between periodontitis and HF remains to be established. 
The present review, aimed to underscore the importance of 
incorporating oral health into comprehensive cardiovascular 
risk assessment and management, which may ultimately 
inform novel preventive and therapeutic approaches for 
patients at risk of or living with HF. Specifically, first the 
epidemiological studies evaluating the association between 
periodontitis and HF were reviewed, then the multifactorial 
pathophysiology underlying the periodontal‑cardiac axis was 
discussed, and finally the potential clinical implications and 
limitations of periodontal intervention in the context of HF 
management were considered.

2. Epidemiological association between periodontitis and 
heart failure

Epidemiological evidence consistently establishes periodon‑
titis, a chronic inflammatory disease of the supporting tissues 
of the teeth, as a significant factor associated with an elevated 
risk of HF, potentially mediated by systemic inflammation 
and shared risk factors such as hypertension and diabetes. 
Substantial evidence from large‑scale cross‑sectional and 
prospective cohort studies supports this association. For 
instance, data from the US Third National Health and 
Nutrition Examination Survey (NHANES III) demonstrated 
that the incidence of HF was 5.72 times higher in individuals 
with moderate or severe periodontitis compared with those 
with no or mild periodontitis. This association remained 
significant after adjusting for traditional cardiovascular risk 
factors, with a persistently elevated risk of 3.03‑fold, and a 
dose‑response relationship was observed whereby greater 
periodontitis severity was associated with increased HF 
risk  (16). Long‑term follow‑up studies further corroborate 
that periodontitis independently predicts future HF events. An 
analysis of 2,876 individuals with a history of periodontitis 
revealed a 30‑50% increased risk of HF hospitalization (11,17), 
with a particularly prominent association noted with HF with 
preserved ejection fraction (HFpEF). Furthermore, elevated 
serum IgG antibody titers against key periodontal pathogens, 
such as Porphyromonas gingivalis, were shown to be linked to 
higher HF prevalence, suggesting a dose‑response relationship 
driven by the level of bacterial exposure (18). Among patients 
with established chronic HF, the burden of periodontitis 
is substantial, with moderate to severe forms affecting over 
two‑thirds of cases and associated with heightened levels of 
N‑terminal pro‑B‑type natriuretic peptide (NT‑proBNP), 
a prognostic biomarker of cardiac stress, particularly in 
younger subgroups (11). In summary, a substantial body of 
epidemiological evidence supports a consistent association 
between periodontitis and HF, with several studies suggesting 

a dose‑response relationship between periodontitis severity 
and HF risk. However, these findings should be interpreted 
cautiously because residual confounding and reverse causation 
cannot be fully excluded. To visually consolidate these key 
findings, the evidence from the aforementioned major studies 
is summarized in Table I.

3. Core mechanistic pathways of the ‘periodontal‑cardiac 
axis’

The robust epidemiological evidence independently linking 
periodontitis with HF strongly suggests a complex pathophysi‑
ological relationship that extends beyond mere coincidence or 
shared risk factors. To elucidate the biological underpinnings 
of this ‘oral‑cardiac axis’, recent research (19) has increasingly 
focused on how periodontitis, as a localized inflammatory 
condition, can exert remote effects to systemically impact 
cardiac structure and function. The current scientific consensus 
points toward three primary, interconnected pathways as the 
core of this mechanism: i) Systemic spillover of inflammation; 
ii) direct dissemination of periodontal microbes and their 
virulence factors; and iii) immune cross‑reactivity mediated 
by molecular mimicry (Fig. 1). This section will systematically 
elaborate on these three core mechanistic pathways, providing 
an in‑depth analysis of how periodontitis evolves from a local 
infection into a significant risk factor for heart failure.

Systemic inflammation as a key driver of cardiac injury. As 
a chronic infection, the primary remote pathogenic mecha‑
nism of periodontitis is the induction and maintenance of a 
low‑grade systemic inflammatory state. When inflammatory 
mediators and bacterial products from the periodontal lesion 
‘spill over’ into the circulation, they initiate a complex cascade 
of events that directly and indirectly inflict damage upon the 
heart. This process is centered on the amplification of inflam‑
matory signals and the dual targeting of both the heart and 
the immune system, with the detailed cellular and molecular 
pathways illustrated in Fig. 2.

Systemic spillover of pro‑inf lammatory mediators. 
Periodontitis constitutes a significant source of systemic 
inflammation that contributes to the pathogenesis of HF 
through well‑defined mechanistic pathways. The primary 
initiating mechanism involves the systemic dissemination of 
Porphyromonas gingivalis‑derived lipopolysaccharide (LPS), 
which engages Toll‑like receptor 4 (TLR4) on innate immune 
cells, thereby activating nuclear factor‑κB (NF‑κB) signaling 
and driving the production of key pro‑inflammatory cyto‑
kines, including interleukin‑6 (IL‑6), tumor necrosis factor‑α 
(TNF‑α) and interleukin‑1β  (IL‑1β)  (14). These mediators 
establish a persistent low‑grade inflammatory milieu that 
directly impacts cardiac structure and function through 
multiple pathways: IL‑6 and TNF‑α activate downstream 
signaling cascades such as NF‑κB and mitogen‑activated 
protein kinase pathways, promoting cardiomyocyte apoptosis, 
extracellular matrix remodeling, and ventricular dysfunc‑
tion (20). Clinical evidence substantiates this relationship, 
with elevated IL‑6 levels demonstrating a strong, independent 
association with incident HF; each increasing tertile of IL‑6 
concentration corresponds to a 68% higher 5‑year risk (20‑23). 
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The systemic inflammatory burden in patients with periodon‑
titis is further evidenced by significantly elevated circulating 
levels of C‑reactive protein and IL‑1β, which are associated 
with early degenerative cardiac changes and increased 
inflammatory mediator turnover in patients with HF (24,25). 
Additionally, periodontitis‑associated cardiac oxidative stress 
results primarily from enhanced reactive oxygen species 
generation rather than impaired antioxidant capacity (26). This 
pro‑inflammatory state also promotes endothelial dysfunction 
through upregulation of adhesion molecules and induces hema‑
topoietic reprogramming toward trained immunity, sustaining 
leukocyte hyperreactivity and exacerbating microvascular 
complications that aggravate ventricular dysfunction (8,27,28). 
Collectively, these mechanisms establish periodontitis as a 
clinically significant contributor to inflammatory‑driven HF 
progression, highlighting the potential therapeutic value of 
periodontal interventions in comprehensive cardiovascular 
risk management.

Myeloid cell activation and trained immunity: Systemic repro‑
gramming of innate immunity. Periodontitis contributes to the 
pathogenesis of HF through two interconnected immunological 
mechanisms: Molecular mimicry and sustained innate immune 
reprogramming. The molecular mimicry hypothesis suggests 

that structural homology between components of periodontal 
pathogens, particularly, Porphyromonas gingivalis, and host 
myocardial proteins may induce cross‑reactive autoimmunity, 
leading to mistaken immune targeting of cardiac tissues and 
subsequent myocardial injury  (18,29). Concurrently, peri‑
odontitis establishes a state of systemic inflammation and 
trained innate immunity, a persistent functional reprogram‑
ming of myeloid cells that amplifies inflammatory responses 
and sustains cardiac vulnerability. This process is initiated 
when bacterial products such as LPSs enter the systemic 
circulation and prime hematopoietic stem and progenitor 
cells in the bone marrow via IL‑1‑mediated signaling. The 
resulting epigenetic reconfiguration promotes myeloid‑biased 
differentiation, yielding monocytes and neutrophils with 
heightened responsiveness to subsequent inflammatory 
stimuli (30). This maladaptive trained immunity is character‑
ized by lasting chromatin modifications at proinflammatory 
gene loci, which facilitate exaggerated releases of cytokines 
such as IL‑6 and TNF‑α upon rechallenge. These responses 
perpetuate a feed‑forward cycle of vascular inflammation that 
drives cardiac fibrosis, ventricular hypertrophy and contractile 
dysfunction (15). The durability of this immune reprogram‑
ming is evidenced by its transmissibility through bone marrow 
transplantation, where recipient myeloid cells maintain a 

Table I. Summary of Key epidemiological evidence on the association between periodontitis and heart failure.

Study/Data source	 Study type	 Key findings	 (Refs.)

National Health and Nutrition	 Cross‑sectional study	 ‑The prevalence of heart failure was significantly 	 (16)
Examination Survey 		  higher in individuals with periodontitis compared 
(NHANES III)		  to those without (4.88% vs. 2.90%).
		  ‑Moderate‑to‑severe periodontitis was strongly 	
		  associated with heart failure risk (Adjusted 
		OR  =3.03).
Swedish cohort study	 Prospective cohort study	 ‑A history of periodontitis was an independent risk	 (11,17)
		  factor for hospitalization due to heart failure, with a 
		  30‑50% increased risk.
		  ‑The association was particularly prominent for	
		  heart failure with preserved ejection fraction.
Atherosclerosis Risk in	 Prospective cohort study	 ‑A dose‑response relationship was observed	 (11,18)
Communities (ARIC) study		  between the severity of periodontitis and the risk of 
		  incident heart failure.
		  ‑Edentulism (complete tooth loss) was also	
		  significantly associated with heart failure risk.
Cross‑sectional and	C ross‑sectional/case‑control	 ‑In patients with chronic heart failure, the severity	 (19,20)
case‑control studies		  of periodontitis was positively associated with 
		  levels of N‑terminal pro‑B‑type natriuretic peptide, 
		  a biomarker of cardiac stress.
		  ‑The presence of periodontitis in heart failure 	
		  patients was linked to higher levels of systemic 
		  inflammation (for example, C‑reactive protein).
Serological studies	C ross‑sectional study	 ‑Serum antibody titers against key periodontal	 (23)
		  pathogens, such as Porphyromonas gingivalis 
		  were positively associated with the prevalence 
		  of heart failure.
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hyperreactive phenotype associated with accelerated athero‑
sclerosis and ischemic injury, exacerbating HF progression 
independent of ongoing oral pathogen exposure (28). While 
some research indicates that periodontitis‑induced systemic 
inflammation may contribute to cardiac injury independently 
of autoimmunity  (31), the collective evidence underscores 
the synergistic roles of cross‑reactive autoimmunity and 
innate immune reprogramming in periodontitis‑related HF 
pathogenesis.

Targeted cardiac effects of inf lammation: Promoting 
myocardial fibrosis, apoptosis, and ventricular remodeling. 
Periodontitis significantly exacerbates HF pathophysiology 
by instigating a systemic inflammatory response that selec‑
tively targets cardiac tissues, thereby promoting myocardial 
fibrosis, cardiomyocyte apoptosis and left ventricular 
remodeling through the dissemination of pro‑inflammatory 
cytokines and subsequent activation of fibrogenic pathways. 
In chronic periodontal infection, bacterial toxins translocate 
into the systemic circulation, inducing a cytokine surge, 
predominantly IL‑1β, IL‑6 and TNF‑α, that infiltrates the 
myocardium. This inflammatory milieu upregulates trans‑
forming growth factor‑β signaling in cardiac fibroblasts, 

driving excessive extracellular matrix deposition that 
culminates in interstitial fibrosis and impaired ventricular 
compliance, thereby predisposing to diastolic dysfunction in 
HFpEF (14). Furthermore, this pro‑inflammatory environ‑
ment activates intrinsic apoptotic cascades in cardiomyocytes 
via caspase‑3 activation and Bcl‑2/Bax dysregulation, mecha‑
nisms driven primarily by oxidative stress and mitochondrial 
dysfunction. Preclinical models demonstrate that periodon‑
titis accelerates myocyte loss and contractile impairment 
independent of ischemic injury (8). Concomitantly, sustained 
cytokine exposure orchestrates maladaptive left ventricular 
remodeling, characterized by eccentric hypertrophy and 
chamber dilation through matrix metalloproteinase‑mediated 
degradation of structural proteins and enhanced perivascular 
inflammation. These structural alterations were shown to be 
associated with HF with reduced ejection fraction (HFrEF) 
and increased hospitalization risk in clinical cohorts with 
comorbid periodontitis and HF  (32). Collectively, these 
targeted inflammatory effects establish periodontitis as 
a modifiable amplifier of cardiac structural pathology, 
underscoring the need for clinical trials to evaluate whether 
periodontal interventions can attenuate fibrosis‑mediated HF 
progression.

Figure 1. Schematic overview of the core mechanisms linking periodontitis to the pathogenesis of heart failure (‘the periodontal‑cardiac axis’). Periodontitis, 
a chronic localized infection, can systemically impact cardiac function and contribute to the development or exacerbation of heart failure through three 
primary pathways: i) Systemic inflammation: Pathogen‑associated molecular patterns, such as lipopolysaccharide released from periodontal pathogens (for 
example, Porphyromonas gingivalis), enter the systemic circulation. This triggers a widespread inflammatory response characterized by elevated levels 
of pro‑inflammatory cytokines (such as IL‑6, TNF‑α, and IL‑1β). These mediators can directly target cardiomyocytes and cardiac fibroblasts, inducing 
apoptosis and myocardial fibrosis, which leads to adverse ventricular remodeling and cardiac dysfunction. Concurrently, they can act on hematopoietic stem 
and progenitor cells in the bone marrow, inducing epigenetic reprogramming and a state of ‘trained immunity,’ which generates hyper‑responsive myeloid 
cells that perpetuate systemic inflammation. ii) Microbial dissemination: Periodontal pathogens can directly invade the bloodstream via transient bacteremia. 
These bacteria and their virulence factors (such as gingipains) may colonize cardiac tissues or the vasculature, or exert direct cardiotoxic effects, impairing 
cardiomyocyte function and endothelial integrity. iii) Immune cross‑reactivity: Due to molecular mimicry between certain antigens from periodontal patho‑
gens and host cardiac proteins (such as cardiac myosin), antibodies generated against the pathogens may cross‑react with self‑antigens in the heart, leading to 
autoimmune‑mediated cardiac injury. Furthermore, shared risk factors, such as genetic susceptibility and metabolic syndrome, can predispose individuals to 
both periodontitis and heart failure, contributing to the complex pathogenic network of the ‘periodontal‑cardiac axis.’
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Remote pathogenesis driven by the periodontal microbiome. 
Beyond exerting indirect effects through systemic inflammation, 
the periodontal microbiome itself plays a more active role as a 
direct invader. Periodontal pathogens and their virulence factors 
can escape the local oral environment and inflict damage on 
remote cardiac tissues through several direct and indirect routes. 
These mechanisms include the direct dissemination of bacteria, 
the remote action of virulence factors and the disruption of the 
oral‑gut microbial axis, as clearly illustrated in Fig. 3.

Bacteremia and bacterial translocation: Direct detection 
of periodontal pathogens in cardiac tissues. Periodontitis 
contributes to the pathogenesis and progression of HF 
through bacteremia‑mediated systemic dissemination of oral 
pathogens and their bioactive metabolites. In patients with 
active periodontal disease, transient bacteremia induced 
by mastication or dental procedures has been shown to 
facilitate the hematogenous spread of keystone pathogens 

such as Porphyromonas gingivalis. These microorganisms 
subsequently colonize arterial walls, promoting monocyte and 
macrophage accumulation, impairing vasodilation, increasing 
arterial stiffness, and accelerating atherosclerotic progres‑
sion  (33). Beyond their local oral effects, these pathogens 
disseminate systemically to distant organs including cardiac and 
hepatic tissues, exerting profound extra‑oral impacts (34‑36). 
This dissemination is substantiated by the consistent detection 
of oral bacterial DNA in cardiac tissues, which demonstrates 
a significant association with increased cardiovascular disease 
incidence (37).

Complementing direct bacterial translocation, microbial 
metabolites, including short‑chain fatty acids and endotoxins, 
induce direct cytotoxic effects on cardiomyocytes through 
the activation of inflammatory signaling pathways and apop‑
tosis, thereby exacerbating HF progression (38). Molecular 
evidence further confirms the vascular and cardiac coloniza‑
tion of periodontal pathogens: Porphyromonas gingivalis 

Figure 2. Cellular and molecular pathways of systemic inflammation‑driven cardiac injury. Systemic inflammation induced by periodontitis mediates cardiac 
damage through two synergistic pathways: i) Upstream trigger and signal amplification: LPS released from periodontal lesions enters the circulation and is 
recognized by TLR4 on the surface of immune cells, such as macrophages. This binding activates key intracellular inflammatory signaling cascades, primarily 
NF‑κB and mitogen‑activated protein kinase pathways. Activated immune cells then produce and release large quantities of pro‑inflammatory cytokines (such 
as IL‑6, TNF‑α, and IL‑1β) into the bloodstream, amplifying a local infection into a systemic inflammatory state. ii) Downstream effects: The elevated levels 
of circulating inflammatory mediators inflict cardiac damage through two principal pathways. Pathway A: Direct cardiac injury: Pro‑inflammatory cytokines 
directly target cardiomyocytes, activating apoptotic programs (for example, via caspase cascades) and leading to cell death. Concurrently, they stimulate 
cardiac fibroblasts to proliferate and differentiate, promoting excessive extracellular matrix deposition and culminating in myocardial fibrosis. Together, apop‑
tosis and fibrosis drive adverse ventricular remodeling and impair cardiac function. Pathway B: Myeloid reprogramming and trained immunity: Circulating 
cytokines, particularly IL‑1β, can act on HSPCs within the bone marrow. By inducing epigenetic reprogramming (for example, histone modifications), these 
cytokines skew hematopoiesis toward the myeloid lineage, generating functionally ‘trained’ and hyper‑responsive monocytes/macrophages. These ‘trained 
immunity’ cells mount an exaggerated inflammatory response upon secondary stimulation, creating a vicious cycle that perpetuates and amplifies inflamma‑
tory damage to the cardiovascular system. LPS, lipopolysaccharide; HSPCs, hematopoietic stem and progenitor cells.

https://www.spandidos-publications.com/10.3892/mmr.2026.13974
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and Aggregatibacter actinomycetemcomitans are frequently 
identified in coronary atheromas, with a meta‑analysis 
indicating a higher prevalence of Porphyromonas gingi‑
valis  (39). Additionally, oral bacterial strains, including 
Streptococcus mutans and Fusobacterium nucleatum, have 
been detected in atrial and ventricular biopsies, where 
their presence was shown to be associated with elevated 
inflammatory markers and enhanced LPS‑binding protein 
expression, particularly in patients with moderate‑to‑severe 
periodontitis (37).

The integration of viable periodontal pathogens into carotid 
and coronary plaques promotes foam cell formation and 
extracellular matrix degradation, thereby increasing plaque 
vulnerability and ischemic risk (40). Furthermore, compara‑
tive analyses reveal significantly reduced bacterial detection in 
cardiac valves and myocardial tissues of edentulous individuals 
vs. those with active periodontitis, underscoring the crucial 
role of chronic oral infection in sustaining bacterial dissemi‑
nation that exacerbates myocardial fibrosis and ventricular 
remodeling (41). Collectively, these findings established peri‑
odontitis as a persistent source of bacterial translocation and 
metabolite‑mediated cardiac injury, highlighting the impor‑
tance of integrated oral‑systemic approaches in HF prevention 
and management strategies.

Direct cardiotoxicity of bacterial virulence factors. The 
severity of periodontitis is significantly associated with 
increased all‑cause and cardiovascular mortality in patients 
with HF, with research reporting substantially elevated 
all‑cause mortality rates among patients with periodontitis 
compared with those without periodontal disease  (42). 
Mechanistically, this relationship is driven by bacterial 
virulence factors, particularly gingipains, cysteine protein‑
ases including arginine‑specific and lysine‑specific variants 
produced by Porphyromonas gingivalis. Following hematog‑
enous dissemination, these proteases disrupt vascular integrity 
through cleavage of critical adherens junction proteins such 
as vascular endothelial‑cadherin, resulting in increased 
endothelial permeability, enhanced monocyte infiltration, 
and accelerated atherosclerotic progression, collectively 
elevating myocardial workload and ischemic susceptibility 
in HF‑prone individuals (43). Beyond these vascular effects, 
gingipains exert direct cardiotoxic actions by impairing 
autophagic flux in cardiomyocytes via proteolytic degrada‑
tion of essential autophagosomal proteins, vesicle‑associated 
membrane protein 8 and syntaxin‑17, leading to accumulated 
mitochondrial damage and potentiated apoptotic signaling. 
Experimental models of myocardial infarction demonstrate 
that Porphyromonas  gingivalis infection significantly 

Figure 3. Primary three mechanisms of remote cardiac injury driven by the periodontal microbiota. In addition to indirectly affecting the heart via inflam‑
matory mediators, the periodontal microbiota and its products can actively participate in cardiac pathology through three distinct pathways. i) Direct 
dissemination: During daily activities (for example, chewing or toothbrushing) or dental procedures, pathogens within the periodontal pocket (notably 
Porphyromonas gingivalis) can breach the compromised periodontal tissue barrier, leading to transient bacteremia. These circulating bacteria can survive in 
the bloodstream and subsequently colonize distant sites such as heart valves, myocardial tissue, or coronary atherosclerotic plaques, where they can directly 
induce local inflammation and tissue damage. ii) Remote effects of virulence factors: Even if the bacteria themselves do not survive in circulation, their 
potent secreted virulence factors can enter the bloodstream and exert remote biological effects. For example, gingipains, a class of proteases produced by 
Porphyromonas gingivalis, can degrade intercellular junction proteins (for example, VE‑cadherin) in the vascular endothelium, compromising vascular barrier 
integrity. Furthermore, they can directly target cardiomyocytes, interfering with critical cellular functions such as autophagy and exerting direct cardiotoxicity. 
iii) Disruption of the oral‑gut axis: Patients with periodontitis continuously swallow saliva containing a high load of periodontal pathogens. These microbes 
can survive the gastric acid barrier and reach the intestines, altering the composition and function of the intestinal microbiota and causing gut dysbiosis. This 
dysbiosis can impair the integrity of the intestinal mucosal barrier, leading to increased intestinal permeability (‘leaky gut’). This allows a greater transloca‑
tion of bacterial products (for example, LPS) from the gut lumen into the circulation, thereby indirectly amplifying the systemic inflammatory burden and 
contributing to cardiac damage.
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exacerbates infarct size and ventricular dysfunction through 
these mechanisms (44‑47). Furthermore, gingipain‑mediated 
pathogenesis involves dysregulation of NF‑κB signaling 
in endothelial cells  (48), amplifying oxidative stress and 
pro‑apoptotic cascades (49), that drive microvascular rarefac‑
tion (48) and fibrotic remodeling (50), thereby perpetuating 
systolic impairment and HF progression  (50,51), through 
pathways independent of classical inflammatory media‑
tors (51‑53). These findings collectively elucidated the dual 
clinical significance of periodontitis in HF, affecting both 
mortality outcomes and underlying disease mechanisms, 
while highlighting the potential therapeutic value of targeting 
specific virulence factors to mitigate periodontitis‑associated 
cardiac injury. 

Oral‑gut axis disruption: Indirect amplification of systemic 
inflammation. Periodontitis significantly exacerbates the 
progression of HF in patients with comorbidities such as 
diabetes and chronic kidney disease, leading to elevated 
rates of hospitalization and mortality (54). In patients with 
chronic kidney disease, oral health status was revealed to be 
closely associated with HF outcomes, where effective oral 
hygiene management was shown to substantially improve 
prognostic trajectories (55). Mechanistically, periodontitis 
disrupts systemic immune homeostasis through oral micro‑
biome dysbiosis, which extends to distant sites, including 
the gut, thereby amplifying systemic inflammation and 
accelerating HF progression via metabolic and immuno‑
modulatory pathways. Dysbiotic shifts in the oral ecosystem, 
characterized by the overgrowth of pathobionts such as 
Porphyromonas gingivalis and Fusobacterium nucleatum, 
facilitate the translocation of microbes or their metabolites 
to the gastrointestinal tract through salivary ingestion. 
This disruption of the oral‑gut axis induces gut microbiota 
alterations marked by reduced α diversity and enrichment of 
pro‑inflammatory taxa, which compromises intestinal barrier 
integrity and promotes systemic translocation of bacterial 
LPS  (56). The subsequent endotoxin‑driven activation of 
hepatic Kupffer cells and TLR signaling pathways enhances 
the production of systemic cytokines, including IL‑6 and 
TNF‑α, sustaining a chronic inflammatory state that induces 
endothelial dysfunction and myocardial stress. This cascade 
potentiates fibrotic processes and ventricular remodeling in 
HF phenotypes (57‑59). Furthermore, ectopic colonization of 
oral‑derived bacteria in the gut modulates short‑chain fatty 
acid profiles, reducing anti‑inflammatory metabolites such 
as butyrate while promoting the synthesis of pro‑atherogenic 
trimethylamine N‑oxide (60,61). These changes collectively 
impair cardiac energetics and exacerbate insulin resistance, 
a common comorbidity in HF, through disrupted entero‑
hepatic signaling (56,62). Notably, in comorbid conditions, 
this microbiome‑mediated immune reprogramming fosters 
trained immunity in peripheral leukocytes, sustaining a 
hyperresponsive phenotype and worsened clinical outcomes, 
independent of direct oral pathogen dissemination  (62). 
These integrated mechanisms establish periodontitis as a 
modifiable determinant of HF trajectory, underscoring the 
potential of microbiome‑targeted interventions to restore 
oral‑gut equilibrium and mitigate inflammation‑driven 
cardiac deterioration.

Immune‑mediated cross‑reactivity and autoimmunity
Molecular mimicry between periodontal pathogens and 
myocardial proteins. Periodontitis modulates the progression 
of HF through molecular mimicry mechanisms, in which heat 
shock proteins (HSPs) derived from periodontal pathogens 
display structural homology with human myocardial proteins. 
This similarity triggers cross‑reactive immune responses that 
promote autoimmune‑mediated cardiac injury and remodeling. 
For instance, antigenic mimicry between bacterial HSPs such 
as GroEL from Porphyromonas gingivalis and human HSP60 
expressed in cardiac myocytes can activate autoreactive T cells. 
This elicits a Th1‑polarized response that facilitates myocardial 
infiltration and interstitial inflammation, contributing to cardio‑
myocyte dysfunction and fibrosis, a process often observed 
in HFrEF  (34). Such cross‑reactivity also involves B‑cell 
epitopes, leading to the production of autoantibodies targeting 
endothelial and myocardial HSP60. These autoantibodies 
exacerbate vascular hyperpermeability and oxidative stress, 
ultimately promoting maladaptive ventricular hypertrophy 
and contractile impairment. Preclinical research demonstrated 
that immunization with Porphyromonas gingivalis acceler‑
ates autoimmune myocarditis‑like pathology, supporting 
this pathogenic link  (63). Furthermore, conserved peptide 
motifs shared between microbial HSPs and cardiac proteins 
such as actin or myosin enhance complement activation and 
antibody‑dependent cellular cytotoxicity. These immune 
mechanisms are associated with elevated serum troponin 
levels and poorer prognostic indicators in patients with 
coexisting periodontitis and HF, independent of conventional 
hemodynamic risk factors (64). Collectively, these findings 
illustrate how molecular mimicry underpins a state of persis‑
tent myocardial autoimmunity initiated by periodontitis. They 
also highlight the potential of epitope‑specific immunomodu‑
latory strategies to disrupt this pathogenic cycle and mitigate 
the burden of HF in susceptible populations (65).

Induction of autoantibodies against cardiac antigens. 
Periodontitis promotes the generation of autoantibodies 
targeting cardiac antigens, such as anti‑β1‑adrenergic 
receptor antibodies, which arise through molecular mimicry 
or sustained immune activation. These autoantibodies 
contribute to myocardial contractile dysfunction and exac‑
erbate HF phenotypes via dysregulated adrenergic signaling 
and apoptotic pathways (29). Detected at elevated levels in 
sera from patients with chronic periodontitis, these autoan‑
tibodies bind specifically to the second extracellular loop 
of β1‑adrenergic receptors on cardiomyocytes. This binding 
induces agonist‑like effects that disrupt cyclic AMP produc‑
tion and calcium handling, ultimately impairing inotropic 
responses and promoting maladaptive ventricular remodeling 
in predisposed individuals  (66). Notably, the formation of 
these autoantibodies occurs independently of classical infec‑
tious triggers such as Trypanosoma cruzi, as demonstrated 
by their association with systemic inflammatory markers in 
non‑Chagasic populations (31). Moreover, these antibodies 
enhance cardiomyocyte apoptosis through caspase activation 
and upregulation of nitric oxide synthase, recapitulating the 
cardiotoxic profile of β1‑agonists such as xamoterol. This 
mechanism accelerates the transition from compensated 
hypertrophy to overt HF, particularly in patients with comorbid 

https://www.spandidos-publications.com/10.3892/mmr.2026.13974
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inflammatory conditions  (29). In summary, this autoanti‑
body‑mediated pathway identifies periodontitis as a potential 
instigator of immune‑mediated cardiac injury, underscoring 
the therapeutic potential of immunomodulatory strategies 
aimed at neutralizing receptor‑specific autoantibodies to 
mitigate disease progression.

Shared risk factors and confounding pathways
Shared genetic susceptibility. Periodontitis influences 
susceptibility to HF through shared genetic predispositions, 
particularly involving polymorphisms in inflammation‑related 
genes. These genetic variants may amplify chronic inflamma‑
tory responses and endothelial dysfunction, thereby promoting 
myocardial remodeling and accelerating the progression 
toward cardiac decompensation in genetically susceptible 
individuals. Genome‑wide association studies revealed over‑
lapping risk loci, such as the 9p21.3 region, which contains 
the antisense noncoding RNA gene ANRIL (CDKN2B‑AS1). 
Variants in this locus, including rs1333048, show reces‑
sive associations with both aggressive periodontitis (odds 
ratio=1.99) and coronary heart disease, a common precursor 
to HF. This association may reflect dysregulation of cell cycle 
inhibitors and enhanced inflammatory signaling in vascular 
and periodontal tissues (67). Similarly, polymorphisms in the 
plasminogen gene, which plays a role in fibrinolysis and extra‑
cellular matrix remodeling, confer joint risk for periodontitis 
and atherosclerotic cardiovascular disease. The shared variant 
rs4252120, for example, was linked to plaque instability and 
fibrotic processes that indirectly impair cardiac function (68). 
Further evidence implicates cytokine‑encoding genes such as 
IL6. The polymorphism rs1800795 is associated with elevated 
systemic inflammation and is enriched in individuals with both 
periodontitis and HF. This genotype fosters a prothrombotic 
state and exacerbates ventricular hypertrophy and systolic 
dysfunction, likely through NF‑κB‑mediated pathways (69). 
Additionally, variants in inflammasome‑related genes such 
as PYD and CARD domain‑containing protein, for example 
rs8056505 C/T, with the T allele occurring more frequently 
in affected populations, appear to increase susceptibility by 
enhancing caspase‑1‑dependent pyroptosis and cytokine 
release. This mechanism sustains a low‑grade inflamma‑
tory state that contributes to HF pathogenesis independently 
of environmental factors  (70). Collectively, these findings 
highlight a polygenic architecture underlying the comorbidity 
between periodontitis and HF. They support the integration of 
genotype‑guided risk assessment into clinical practice, which 
may facilitate personalized anti‑inflammatory interventions 
and help mitigate disease progression.

Metabolic syndrome as a mechanistic bridge. Periodontitis 
modulates HF risk through its interplay with metabolic 
syndrome, in which insulin resistance acts as a central 
amplifier that aggravates systemic metabolic dysregulation 
and inflammatory burden, thereby predisposing individuals 
to adverse cardiac structural changes and eventual decom‑
pensation. Chronic periodontal infection promotes insulin 
resistance via sustained release of pro‑inflammatory cyto‑
kines such as TNF‑α and IL‑6 from dysbiotic biofilms. These 
mediators impair insulin receptor signaling in adipocytes and 
hepatocytes, leading to hyperglycemia and dyslipidemia, core 

components of metabolic syndrome (71). Within the meta‑
bolic syndrome cluster, which includes central obesity and 
hypertension, the exacerbation of insulin resistance intensifies 
endothelial dysfunction and oxidative stress, accelerating 
atherosclerotic changes that promote myocardial ischemia 
and fibrotic remodeling, key antecedents of HFrEF (72). A 
cross‑sectional study indicated that patients with moderate 
to severe periodontitis exhibit elevated homeostasis model 
assessment of insulin resistance values, corresponding to an 
odds ratio of 1.38‑1.99 for metabolic syndrome components. 
These components, in turn, independently predict adverse 
cardiac outcomes such as ventricular hypertrophy and elevated 
peptide levels (73). Bidirectionally, insulin resistance driven 
by metabolic syndrome alters the oral microbiome by reducing 
bacterial diversity and facilitating the colonization of peri‑
odontal pathobionts. This shift perpetuates periodontal tissue 
breakdown while indirectly impairing cardiac energetics 
through disrupted glucose metabolism and enhanced lipid 
peroxidation (74). Together, these mechanisms establish peri‑
odontitis as a modifiable risk factor in the HF continuum via 
its role in metabolic syndrome amplification. This perspective 
supports integrated treatment strategies aimed at improving 
insulin sensitivity to reduce the burden of cardiometabolic 
comorbidity (75).

4. Clinical and therapeutic implications

The robust epidemiological and mechanistic links between 
periodontitis and HF have paved the way for critical transla‑
tional inquiry into whether treating periodontitis can mitigate 
HF risk. This issue requires explicit and critical evaluation of 
the available interventional evidence. At present, intervention 
studies conducted specifically in patients with established HF 
are extremely limited, and no completed randomized controlled 
trial has yet demonstrated that periodontal therapy reduces HF 
hospitalization, cardiovascular mortality, or other hard clinical 
outcomes in HF populations. The most directly relevant 
HF‑specific study is the ongoing randomized PERIO‑HF 
trial (ClinicalTrials.gov identifier: NCT07036289), which is 
evaluating the effects of periodontal treatment on NT‑proBNP 
levels at 3 and 6 months in patients with HF. However, even 
this study is primarily focused on surrogate endpoints rather 
than definitive clinical HF outcomes such as hospitalization, 
mortality, or symptom burden. Therefore, although PERIO‑HF 
is expected to provide more direct evidence in an HF popula‑
tion, it will not by itself establish whether periodontal therapy 
improves hard outcomes in HF.

By contrast, most currently available interventional 
studies in this field have been conducted in non‑HF popula‑
tions. For example, the randomized controlled trial (RCT) 
by Wang  et  al  (76) in patients with type 2 diabetes and 
periodontitis demonstrated that intensive non‑surgical peri‑
odontal therapy, compared with oral hygiene instruction 
alone, significantly improved diastolic function together with 
inflammatory and cardiac biomarkers. Similarly, an RCT by 
Isola et al  (77) in patients with stage III periodontitis and 
pre‑post studies by Fazal et al (78) and Ari et al (79) reported 
improvements in HF‑relevant surrogate biomarkers following 
periodontal treatment in non‑HF populations. Collectively, 
these studies indicated that periodontal therapy may influence 
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cardiovascular‑related biological pathways and HF‑relevant 
surrogate markers  (80). Nevertheless, surrogate biomarker 
improvement should not be conflated with proven reduction in 
incident HF, slower HF progression or improved prognosis in 
patients with established HF. Likewise, although observational 
and cohort studies support an association between periodon‑
titis and prevalent or incident HF, there remains a lack of 
interventional evidence directly demonstrating that treatment 
of periodontitis alters the clinical course of HF.

Although these findings should not yet be interpreted as 
definitive evidence that periodontal treatment reduces incident 
HF or improves hard HF outcomes (81), they nevertheless 
support greater clinical attention to oral and periodontal 
health in patients with HF, particularly within a multidisci‑
plinary care framework (82). Population‑based (16) and cohort 
studies (12,32) showed that periodontitis is associated with 
prevalent HF, incident HF, and adverse cardiac structural or 
functional alterations, suggesting that periodontal status may 
help identify patients with a higher systemic inflammatory and 
cardiovascular burden rather than serving as an isolated thera‑
peutic target at the current stage of evidence. In elderly (83) 
or hospitalized patients with acute HF, poor oral health was 
also linked to reduced physical function, decline in activities 
of daily living, dysphagia, and impaired recovery of nutritional 
status, all of which may complicate rehabilitation, discharge 
readiness, and overall care complexity (84,85). Accordingly, 
oral and periodontal assessment may reasonably be incorpo‑
rated into multidisciplinary HF care, particularly in elderly, 
frail or repeatedly hospitalized patients, primarily as a compo‑
nent of holistic risk assessment, supportive management, and 
timely referral for dental or periodontal care, rather than as a 
stand‑alone intervention with proven efficacy for reducing HF 
hospitalization or mortality.

However, the current body of evidence is constrained by 
limited sample sizes and short follow‑up durations, heteroge‑
neous study populations, and a predominant reliance on surrogate 
endpoints. There is a clear need for large‑scale, multicenter 
RCTs powered for hard clinical endpoints, such as HF‑related 
hospitalization and cardiovascular mortality. To facilitate critical 
appraisal of the currently available interventional evidence, the 
designs, populations, endpoints, and principal findings of the 
relevant studies are summarized in Table ΙΙ.

Most currently available studies are observational and 
therefore mainly support an association rather than a confirmed 
causal relationship between periodontitis and HF. Residual 
confounding by shared risk factors, such as age, smoking, 
diabetes, obesity, chronic kidney disease, socioeconomic 
status, and access to dental care, cannot be fully excluded, and 
reverse causation is also possible in patients with advanced 
HF (12,86,87). In addition, heterogeneity in study design and 
the reliance of intervention studies on surrogate rather than hard 
clinical endpoints limit interpretation. Future studies should 
focus on standardized definitions, clearly phenotyped HF popu‑
lations and RCTs with clinically meaningful outcomes.

5. Conclusion and future perspectives

In conclusion, the present review summarized the current 
evidence linking periodontitis and HF, analyzed the poten‑
tial mechanisms underlying their association and shared 

pathophysiological basis and discussed the possible role of 
periodontal treatment in improving outcomes for patients 
with HF. The ‘periodontal‑cardiac axis’ is now understood as 
a multifaceted pathogenic framework for understanding these 
complex and interwoven interactions. From a clinical perspec‑
tive, periodontal assessment may be considered in patients with 
HF as part of multidisciplinary care; however, current evidence 
remains insufficient to support definitive recommendations that 
such evaluation or treatment improves HF outcomes.

Looking ahead, several critical avenues of research are 
essential to translate these mechanistic insights into tangible 
clinical benefits. First, large‑scale, prospective, RCTs are 
urgently needed. These trials should move beyond surrogate 
endpoints and evaluate ‘hard’ clinical outcomes, such as HF 
hospitalization rates, cardiovascular mortality and improve‑
ments in cardiac function, (such as ejection fraction and 
NT‑proBNP levels), following standardized periodontal treat‑
ment in diverse HF populations (including both HFpEF and 
HFrEF). Such studies are paramount to definitively establish 
causality and quantify the therapeutic impact. Second, future 
research should focus on elucidating the specific molecular 
pathways with greater precision. Advanced multi‑omics 
approaches (genomics, proteomics, and metabolomics) can 
help identify specific bacterial strains, virulence factors, or 
host genetic polymorphisms (such as in the ANRIL or IL6 
loci) that confer the highest risk. This will pave the way for 
personalized risk stratification and the development of targeted 
therapies, such as specific virulence factor inhibitors (such as 
gingipain inhibitors) or immunomodulatory agents that can 
disrupt maladaptive trained immunity. Third, the diagnostic 
and prognostic utility of periodontal status in HF management 
warrants investigation. Studies should explore whether inte‑
grating periodontal screening into routine cardiovascular risk 
assessment can improve the prediction of adverse outcomes. 
Developing composite biomarkers that combine periodontal 
and cardiac inflammatory markers could offer a more holistic 
view of a the risk profile of a patient. Finally, interdisciplinary 
collaboration between cardiologists and dental professionals 
is crucial. Developing integrated care models that incorporate 
routine oral health screening and treatment into standard HF 
management protocols could represent a novel, cost‑effective 
strategy to reduce the systemic inflammatory burden and 
potentially improve long‑term patient outcomes.
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