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Potential Association Between Apical
Periodontitis and Cardiovascular Disease:
A Narrative Review of Evidence and Clinical
Implications

ABSTRACT

Apical periodontitis (AP) affects 52% of adults globally, yet its systemic cardiovascu-
lar implications remain understudied compared to periodontal disease. This narrative
review synthesizes current evidence on the potential bidirectional association between
apical periodontitis and cardiovascular disease (CVD), examining proposed mechanistic
pathways and clinical implications. A comprehensive literature search was conducted
using PubMed, Web of Science, and Scopus databases, including clinical studies, animal
models, and mechanisticinvestigations. Epidemiological evidence suggests that patients
with apical periodontitis have a 1.38-5.3 times higher risk of cardiovascular disease com-
pared to controls. Three major pathways are proposed to explain the potential link from
apical periodontitis to cardiovascular disease: bacterial translocation through oral-gut
axis disruption, systemic inflammation characterized by elevated interleukin-1p, inter-
leukin-6, tumor necrosis factor-a, and C-reactive protein, and oxidative stress-induced
endothelial dysfunction. Conversely, emerging evidence indicates that cardiovascular
disease accelerates periapical lesion progression through RANKL/RANK/OPG pathway
dysregulation, microcirculatory compromise, and enhanced macrophage M1 polariza-
tion. Root canal treatment significantly reduces systemic inflammatory markers with
parallel improvements in flow-mediated dilation, suggesting a potential cardiovascular
benefit. While substantial evidence supports bidirectional associations, definitive causal
relationships require prospective validation through large-scale cohort studies and ran-
domized controlled trials examining whether endodonticintervention reduces cardiovas-
cular eventrates.

Keywords: Apical periodontitis, cardiovascular disease, chronic inflammation, multidis-
ciplinary treatment, oral-systemic health

INTRODUCTION

Apical periodontitis (AP) is one of the most common inflammatory oral diseases,
affecting approximately 52% of adults globally." Among people over 65 years old,
therate of periapicallesionsinroot canal-treated teethis 52.3%."* According to its
course, AP can be divided into acute and chronic types. Chronic AP is character-
ized by persistent inflammation of the periapical tissues resulting from prolonged
exposure to pathogenic microorganisms within the root canal system. This con-
dition manifests clinically as inflammatory lesions with progressive resorption of
alveolar bone in the periapical region.* Essentially, AP is the result of interactions
between the root canal system microbiome, microbial virulence factors, and host
immune responses.® The symptoms in the chronic phase of AP are relatively incon-
spicuous, butlong-term existence can lead to serious oral problems and potential
systemic complications.®

Epidemiological data show that both AP and cardiovascular disease (CVD) display
marked age-related patterns, with significantly increased risks in elderly popula-
tions.>”® Cardiovascular disease has become one of the main causes of death glob-
ally, accounting for 32% of global deaths.*® Among these, atherosclerotic CVD is
most common, with pathogenesis involving multiple factors including genetics,
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environment, and lifestyle habits. Notably, inflammatory
responses play a central role in CVD development, leading to
vascular endothelial cell damage, promoting lipid deposition
and thrombus formation.” There is mounting evidence that
chronic inflammatory conditions, including oral infections,
may serve as modifiable risk factors, shifting research focus
toward understanding the role of oral health in cardiovascu-
lar pathophysiology.

While the relationship between periodontal disease and
cardiovascular health is well-established,™ the specific
association between AP and CVD represents a relatively
understudied area despite compelling biological rationale.
Due to its often asymptomatic chronic course, AP may
allow prolonged systemic exposure to bacterial products
and inflammatory mediators without clinical detection.”™
Especially in elderly populations, asymptomatic chronic AP
is highly prevalent and often remains undiagnosed for pro-
longed periods.>*This silent source of chronic inflammation
is hypothesized to be capable of increasing the risk of sys-
temic diseases, such as CVD."”

This paradigm shift in understanding—from viewing AP as
a local infection to recognizing its potential systemic impli-
cations—is strongly emphasized in the review by Cintra
et al” Given the similarities in pathological characteristics
and pathogenesis between AP and periodontitis, in-depth
research on the possible association between AP and CVD
has important scientific value.’® Additionally, microorgan-
isms and their metabolic products in AP lesions can affect
the cardiovascular system through blood circulation. For
example, certain oral pathogens, such as Porphyromonas
endodontalis, may promote the formation and development
of atherosclerosis.” ?° Based on the specificity of the oral
microbiome in patients with AP, systematically elucidating

HIGHLIGHTS

e Apical periodontitis (AP) is associated with a 1.38 to
5.3-fold increased risk of cardiovascular disease (CVD),
highlighting its potential as an underrecognized sys-
temic risk factor.

e The AP-to-CVD link is mediated by 3 major pathways:

bacterial translocation via the oral-gut axis, systemic

inflammation (elevated CRP, IL-1f, IL-6, TNF-a), and
oxidative stress-induced endothelial dysfunction.

Successful RCT significantly reduces systemic inflam-

matory biomarkers and improves endothelial function,

suggesting a cardiovascular protective effect of man-
aging oral infections.

e Cardiovascular disease may reciprocally aggravate
periapicallesion progression through dysregulated bone
metabolism (RANKL/RANK/OPG pathway), microcircu-
latory compromise, and immune modulation.

e Current evidence supports a bidirectional association,
but definitive causality and the impact of endodontic
treatment on hard cardiovascular outcomes require
validation through large-scale prospective studies and
randomized controlled trials.
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the potential association between AP and CVD has impor-
tant clinical significance.

This comprehensive review synthesizes current evidence
on the potential bidirectional associations between AP and
CVD, examining the mechanisms underlying their mutual
influence and the clinical implications for integrated patient
care. Understanding these complex interactions may be
essential for developing evidence-based strategies that
optimize both oral and cardiovascular health outcomes
(Figure 1).

METHODS

To ensure a comprehensive and balanced synthesis of the
available literature, a systematic search strategy was
employed, consistent with best practices for narrative
reviews. Searchesin 3 major electronic databases were con-
ducted: PubMed, Web of Science, and Scopus. The search
covered the period from January 2000 to December 2023
to capture contemporary evidence while including founda-
tional studies.

The main search strategy combined keywords related to AP
(e.g., "AP," "periapical periodontitis,” “periapical disease,”
"endodontic disease") with terms related to CVD (e.g.,
"CVD," "coronary artery disease,” "atherosclerosis,” "hyper-
tension,” “stroke,” "heart failure”) using Boolean operators.
The reference lists of relevant articles were also hand-
searched to identify additional studies.

Studies were included if they were: (1) original research arti-
cles (clinical studies, epidemiological investigations, ani-
mal models, or in vitro mechanistic studies) or systematic
reviews; (2) published in English; and (3) directly investigated
an association or mechanistic link between AP and CVD.
Conference abstracts, editorials, opinion pieces, and case
reports were excluded. The selection of studies for inclu-
sion in this narrative review was based on their relevance to
the predefined thematic areas: epidemiological evidence,
biological mechanisms (in both directions), and clinical
implications, with priority given to studies with robust meth-
odologies. Thisstructured approach was designed to provide
a transparent and reproducible framework for the evidence
synthesis.

The Potential Impact of Apical Periodontitis on
Cardiovascular Disease and Proposed Mechanisms

It has been hypothesized that AP may have systemic effects
on the cardiovascular system through multiple pathways.?
This section will systematically review the relationship
between AP and CVD from 2 aspects: clinical evidence and
proposed action mechanisms.

Epidemiological and Clinical Evidence

Epidemiological studies provide preliminary evidence for the
association between AP and CVD. An et al?2 found that the
risk of CVD in the AP group was 5.3 times that of the con-
trol group. A cross-sectional study* demonstrated that the
prevalence of CVD in the AP group (38%) was significantly
higher compared to the non-AP group (17%); carotid ultra-
sound examinations® showed that AP patients not only had
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Figure1. The bidirectional relationship between AP and CVD.
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increased carotid intima thickness but also generally exhib-
ited vascular endothelial dysfunction. Additionally, long-
term follow-up studies by Petersen et al**reported that AP
patients had a 1.38-5.3 times higher risk of developing CVD
within 10 years compared to normal individuals.

Among various types of CVD, the association of AP with cor-
onary heart disease is most significant. A case-control study
conducted by Costa et al®showed that the risk of coronary
artery disease in the AP group was 2.79 times that of the
control group, and this correlation remained significant even
after adjusting for traditional factors such as age, gender,
and smoking. Through multivariate risk analysis, Malvicini
et al* found that the presence of AP was associated with
a 5-fold and 15-fold increased risk of carotid plaques and
intima-media thickening, respectively, and theriskincreased
with the number of AP-affected teeth.

Regarding the relationship between AP and hyperten-
sion, experimental studies and clinical observations provide
in-depth insights. Milojevic et al,? using a spontaneously
hypertensive rat model, found that AP was associated
with aggravated cardiac dysfunction and oxidative stress.
Conversely, the coexistence of hypertension and AP also
led to a significant increase in the area of periapical lesions.
This finding suggests that there may be a synergistic mecha-
nism between the 2 diseases. However, the results of epide-
miological studies are not entirely consistent. A systematic
review of 8 relevant studies?® showed that there may be no
direct correlation between the prevalence of hypertension
and AP. But notably, hypertensive patients had significantly
lower retention rates of teeth after root canal treatment

(RCT), a finding that has important guiding significance for
developing clinical treatment strategies.

In studies on stroke, Ledo et al® showed that the number
of AP-affected teeth >2 was significantly associated with
carotid atherosclerotic burden (CAB) >50%. This finding sug-
gests that AP may participate in the formation and progres-
sion of cerebral arterial atherosclerotic plaques and that
multiple AP could be animportantindicator for assessing the
risk of cerebrovascular disease.

Based on these research findings, the role of timely and
standardized RCT in potentially reducing patients’ cardio-
vascular risk has also received attention. Results from a pro-
spective intervention study?®*® found that after proper RCT,
patients’ flow-mediated dilation significantly improved.
This improvement was closely related to the decrease in
inflammatory marker levels. Garrido et al® confirmed thatin
systemically healthy young patients with AP, high-sensitivity
C-Reactive Protein (hs-CRP) levels significantly decreased
after RCT. A recent systematic review and meta-analysis
32 further confirmed that RCT can significantly reduce the
levels of circulatory inflammatory markers, with the most
significant decreases in CRP and IL-1. Bergandi et al**found
elevatedlevels of various factorsin the serum of AP patients,
including Endothelin-1 (ET-1), Interleukin-1p (IL-1B), and
soluble CD14 (sCD14), all of which significantly improved
after RCT. In summary, standardized RCT not only improves
local infection but also reduces systemic inflammation lev-
els, which may help lower CVD risk, while also providing an
important theoretical basis for the oral-cardiovascular mul-
tidisciplinary diagnosis and treatment model. A prospective
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interventional study in CVD patients with AP demonstrated
significant reduction in serum inflammatory biomarkers fol-
lowing non-surgical RCT.** Taken together, these findings
suggestthatstandardized RCT notonly improves local infec-
tion but also reduces systemic inflammation levels, which
could help lower CVD risk, while also providing an impor-
tant theoretical basis for the oral-cardiovascular multidisci-
plinary diagnosis and treatment model.

Proposed Action Mechanisms
The mechanisms by which AP might affect the cardiovas-
cular system are complex, involving pathophysiological
processes at multiple levels. Current research suggests the
following potential pathways:

Systemic Effects of Bacteria and Their Products

The main pathogens of AP are gram-negative anaerobic
bacteria,* which form biofilms in the root canal system and
can cause a series of pathological changes if they enter the
bloodstream.? 3> When entering the bloodstream, these
bacteria could directly invade vascular endothelium and
smooth muscle cells, potentially causing vascular damage.®
Their products, such as lipopolysaccharide, may stimulate
monocyte-macrophage adhesion and aggregation, pro-
moting lipid deposition and atherosclerotic plaque forma-
tion.*® Research has demonstrated an association between
endodontic lesions and coronary artery disease, suggesting
a potential link between periapical infections and cardiovas-
cular events.””

With the deepening of microbiome research, the role of the
oral-gut axis in the process of AP potentially affecting car-
diovascular health has gradually been revealed. Gan et al*®
through 16S rRNA sequencing analysis found that gut micro-
biota a diversity increased in AP model mice, and oral infec-
tion bacteria led to overgrowth of commensal species in
oral and intestinal microbiota. Further research *° suggested
that AP can affect intestinal barrier function by altering gut
microbiota composition, leading to more bacterial products
entering the bloodstream, thereby aggravating systemic
inflammation and atherosclerosis. These findings are con-
sistent with observations by Koren et al*® in human samples,
suggesting a possible pathway from AP to the occurrence
and development of CVD.

Systemic Inflammatory Response

Multiple studies have explored the relationship between
AP and systemic inflammatory states. A recent systematic
review* confirmed that patients with AP exhibit a marked
increase in systemic pro-inflammatory mediators, specifi-
cally IL-1B, IL-6, TNF-a, and CRP. Changes in these mark-
ers not only reflect the activity of the disease but are also
closely related to the risk of cardiovascular complications. A
substantial proportion of AP patients demonstrate hs-CRP
levels exceeding 3 mg/L, which isindicative of moderate-to-
high cardiovascular risk.*” Bergandi et al** observed signifi-
cantly elevated levels of inflammatory factors such as ET-1,
IL-18, and sCD14 in the serum of AP patients.

Animal experimental studies further explore the mecha-
nisms of this inflammatory response. Chen et al*?* found
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in a hyperlipidemic rat model that chronic AP was signifi-
cantly associated with promoting the development of aortic
inflammatory responses, mainly manifested as upregulation
of pro-inflammatory factors such as IL-1, IL-2, and IL-6 in
serum, accompanied by increased inflammatory cell infiltra-
tion in aortic tissue. Pro-inflammatory factors are believed
to directly damage vascular endothelial cells, increase
endothelial permeability, promote lipid and inflammatory
cell infiltration into the vessel wall, while pro-inflamma-
tory cytokines may also induce vascular smooth muscle cell
phenotypic transformation and proliferation, aggravating
endothelial dysfunction and matrix degradation, thereby
potentially accelerating the formation and instability of
atherosclerotic plaques, accompanied by increased mac-
rophage infiltration. Studies? have also found that RCT can
significantly reduce the levels of these inflammatory mark-
ers and improve vascular endothelial function.

Oxidative Stress State

Reactive oxygen species (ROS) are highly active byproducts
of oxygen metabolism, playing a key role in the initiation
and maintenance of the inflammatory response.** Oxidative
stress occurs when there is an increase in the production of
reactive oxygen species, a weakening of the antioxidant
system function, or both. This enhanced oxidative stress has
been confirmed to be closely related to various pathologi-
cal processes.** Studies have found that AP can lead to local
and systemic oxidative stress events: locally manifested as
large amounts of ROS produced by pulp tissue, causing tis-
sue damage and inflammation amplification; systemically
manifested as decreased total antioxidant capacity in serum
and increased levels of the lipid peroxidation product malo-
ndialdehyde.** Under pathological conditions, pulp tissue
produces large amounts of ROS, aggravating local oxida-
tive stress. These ROS are thought to not only directly dam-
age vascular endothelium, reducing the bioavailability of
endothelium-derived vasodilator nitric oxide and leading
to endothelial dysfunction,? but also induce inflammatory
responses and activate matrix metalloproteinases through
various pathways, causing vascular structural remodeling,
plaque instability, and potentially aggravating the athero-
sclerotic process.*

The above research reveals proposed mechanisms by which
AP might affect the cardiovascular system through the sys-
temic effects of bacteriq, systemic inflammatory responses,
oxidative stress, and other pathways. These mechanisms
could interact with each other, forming a complex patho-
logical network. Although current research has revealed
multiple hypothetical potential mechanisms, there are still
many aspects that need to be explored in depth regarding
the possible association between AP and CVD. For example,
whether there is a specific temporal relationship between
autophagy and mitochondrial dysfunction, the specific reg-
ulatory network downstream of the HIF-1signaling pathway,
and the need to further explore the potential role of dental
stem cells in promoting vascular and neural regeneration,
as well as in-depth research on the specific mechanisms of
bacterial exosomes in the initiation and progression of ath-
erosclerosis.*® %’ In addition, the reversibility of epigenetic
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modifications and their clinical intervention value are also
worth further research.*® The in-depth elucidation of these
mechanisms will not only help to better understand the
potential interaction between the 2 diseases but will also
provide an important basis for developing new therapeutic
strategies and preventive measures. Future research direc-
tions should also focus on the development of individualized
treatment plans, especially in considering the patient’s gen-
eral condition and comorbidities, and how to optimize RCT
protocols to potentially reduce cardiovascular risk.

Itis worth noting that in this hypothesized bidirectional rela-
tionship, CVD may also influence the occurrence, develop-
ment, and prognosis of AP. Some progress has been made in
mechanistic research in this area in recent years, but many
questions remain.

The Potential Impact of CVD on AP and Proposed
Mechanisms

With the deepening understanding of the relationship
between oral and systemic health, the potential bidirec-
tional relationship between AP and CVD has received
increasing attention. While a large number of studies have
suggested that AP may be associated with increased CVD
risk, researchers have found that CVD might in turn affect
the occurrence, development, and prognosis of AP. Current
research hypothesizes that CVD may participate in the
occurrence and development of AP by affecting local micro-
circulation, bone metabolism, and immune function, but
these mechanisms still require additional research evidence
for validation. This section will systematically review the
potential impact of CVD on AP based on existing clinical
observations and experimental research, analyzing its pro-
posed mechanisms of action. This not only helps to deepen
the understanding of the possible association between the
2 diseases but also provides new ideas for optimizing clinical
treatment strategies.

Clinical and Experimental Evidence

Currently, research has observed the relationship between
different types of CVD and AP from multiple aspects. The
following will discuss coronary artery disease, hypertension,
stroke, and other aspects separately (Table 1).

Coronary Atherosclerosis

Coronary atherosclerosis may affect the development of
periapical lesions. Animal experiments* have shown that
compared to the simple AP group, the experimental group
with combined coronary atherosclerosis had larger periapi-
cal lesion areas and more severe inflammatory cell infiltra-
tion. Histological analysis also showed that the experimental
group had ssignificantly higher osteoclast activity, suggesting
that coronary atherosclerosis may aggravate the progres-
sion of AP by affecting bone metabolism.

Clinical studies further support this finding, with
Willershausen et al*® finding that the detection rate of AP
in acute myocardial infarction patients was significantly
higher than in the control group. This finding was further
confirmed by Liljestrand et al's large sample study,***° espe-
cially in patients with acute coronary syndrome, where this
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association was moresignificant. A cross-sectional study,*'by
analyzing the association between CVD and AP, found that
patients with CVD had significantly higher incidence and
severity of AP. These research findings suggest that patients
with coronary atherosclerosis may be more susceptible
to severe periapical lesions, but the specific mechanisms
remain to be further elucidated.

Hypertension

In recent years, more and more studies have shown that
hypertension may be an important risk factor associated
with the severity of AP lesions. In vitro studies found that
osteoclast differentiation in the hypertension group was
nearly 2-fold higher compared to the normal blood pressure
group, which could influence endodontic treatment out-
comes and potentially accelerate alveolar bone resorption
in the apical area.* Milojevic et al?* further confirmed in a
spontaneously hypertensive rat model that the coexistence
of hypertension and AP was associated with not only aggra-
vated cardiac dysfunction and oxidative stress but also a sig-
nificantincrease in the area of periapical lesions.

From an epidemiological perspective, across-sectional study
showed that hypertension (especially secondary hyperten-
sion) is an important risk factor for periapical abscess, and
the prevalence in patients with secondary hypertension is
significantly higher than in patients with primary hyperten-
sion.> The study also found that the risk of periapical abscess
was significantly reduced in patients taking angiotensin Il
receptor blockers. A prospective cohort study also found
that hypertensive patients are more likely to develop severe
AP lesions, and the severity of the lesionsis negatively corre-
lated with oral microbiota diversity.>* These findings suggest
a potential relationship between hypertension, oral microbi-
ome composition, and AP development, though the specific
mechanisms require further investigation.

In terms of treatment prognosis, a systematic review and
meta-analysis? showed that although there may be no
direct association between AP prevalence and hypertension,
hypertensive patients have significantly lower tooth reten-
tion rates after RCT. Different cardiovascular drugs also
appear to have different associations with AP: -blockers
and calcium antagonists may adversely affect the recov-
ery of AP by affecting calcium-phosphorus metabolism,
while statins show potential protective effects. Studies have
found that statins may exert antibacterial, anti-inflamma-
tory, and immunomodulatory effects by reducing CD-68
positive macrophages and downregulating the expression
of Cyré1in osteoblasts, thereby slowing the progression of
AP.> A systematic review further suggested that statins
may also promote the healing of AP by regulating bone
metabolism.>**These findings provide new ideas for the treat-
ment of AP in hypertensive patients, suggesting that the
potentialimpact on oral health needs to be considered when
choosing cardiovascular drugs.

Other CVDs

In addition to coronary heart disease and hypertension, the
relationship between other types of CVD and AP has also
gradually received research attention. Studies have shown
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Table1. Summary of Research Evidence on the Effects of Cardiovascular Diseases on Apical Periodontitis

CVD Types Authors (Year) Methods
Coronary Conti et al* Experimental
atherosclerosis study

Willershausen et al*® Case-control

Study Object
Rat model (n=40)

AMI patients (n=125)

Main Findings
Coronary atherosclerosis significantly

aggravated periapical lesion size and
inflammation

AMI patients showed 2.21-fold increased risk

Liljestrand et al*’ study ACS patients (n=508) of AP
Cross-sectional AP significantly associated with ACS risk
study (OR=2.72)

Hypertension Martins et al*? Experimental ACS patients (n=508) Hypertensive conditions significantly

study enhanced osteoclast differentiation

Milojevic et al?’ Experimental Invitro cell experiment Hypertensionled to 43% increase in periapical
study lesion area

Katz et al*® Cross-sectional Hypertensive patients Secondary hypertension significantly
study (n=913) increased periapical abscess risk

Minty et al>* Prospective AP+hypertension Hypertension significantly reduced periapical

cohort study

Cabanillas-Balsera® Systematic
review and

meta-analysis

Cardiomyopathy Sehirli et al®’ Experimental

study (n=36)
Valvular heart Wilson et al*® Clinical
Lockhartetal® guideline
Systematic
review

patients (n=427)

8 studies: investigating
hypertension and AP
relationship (prevalence
and tooth retention)

Cardiomyopathy model

Systematic review
Clinical study synthesis

microbiome diversit

No significant association between AP
prevalence and hypertension. Significantly
lower retention rate of root-filled teeth in
hypertensive patients

Cardiomyopathy aggravated periapical tissue
destruction with protective effects of NAC
Strict antibiotic prophylaxis protocol required
for RCT in valvular disease patients
Established standardized antibiotic
prophylaxis protocol for RCT

ACS, acute coronary syndrome; AMI, acute myocardial infarction; AP, apical periodontitis; CVD, cardiovascular disease; NAC, N-acetyl-L-cysteine;
OPG, osteoprotegerin; OR, odds ratio; RANKL, receptor activator of nuclear factor kappa-B ligand; RCT, root canal treatment; TLR, toll-like

receptor.

that stroke, cardiomyopathy, and heart valve replacement
may affect the occurrence, development, and prognosis of
AP through different mechanisms.

In stroke patients, there are relatively few studies on the
characteristicsandinfluencing factors of AP. LeGo etal®con-
ducted a cross-sectional study of 240 hospitalized patients
with ischemic stroke or transient ischemic attack, and the
results showed that the number of AP-affected teeth >2
and the number of root canal-treated teeth >2 were signifi-
cantly associated with carotid atherosclerotic burden (CAB)
>50%. The study also suggested that the combined effect of
periodontitis and AP may aggravate the progression of ath-
erosclerosis. These findings suggest that cerebrovascular
disease may aggravate the development of AP by affecting
local blood supply and inflammatory states.

In terms of cardiomyopathy, Sehirli et al*’ through an adria-
mycin-induced cardiomyopathy rat model study systemati-
cally studied the characteristic manifestations of AP under
cardiomyopathy for the first time. The study found that
the cardiomyopathy combined with AP group showed more
severe tissue destruction and inflammatory response, mani-
fested as enhanced oxidative stress response, aggravated
inflammatory response, and decreased tissue repair capac-
ity. The study also found that the combined use of anti-
oxidants such as N-acetyl-L-cysteine was associated with
improved alveolar bone healing and vascular endothelial
function after RCT.

— N

In patients with heart valve disease, the treatment of AP
needs to be particularly cautious. The latest guidelines
issued by the American Heart Association®®emphasize the
importance of oral health management in these patients,
especially in preventing infective endocarditis. The guide-
lines recommend a comprehensive oral examination before
valve replacementsurgery and timely treatment of potential
infection foci, including AP. Lockhart et al's research® also
confirmed that these patients need to follow strict antibiotic
prevention protocols when undergoing RCT, emphasizing the
importance of preventive treatment.

These findings from studies on stroke, cardiomyopathy, and
valvular heart disease demonstrate that different types
of CVD may influence AP development and treatment
outcomes through various mechanisms, highlighting the
importance of considering cardiovascular comorbidities in
endodontic treatment planning.

Proposed Action Mechanisms

Bone Metabolism Changes

Cardiovascular disease may influence the development of
AP through bone metabolism changes, with the RANKL/
RANK/OPG signaling pathway serving as a critical proposed
mediator in this process. The RANKL/RANK/OPG signal-
ing pathway has been extensively studied in cardiovascular
contexts, where research demonstrates that angiotensin
II, a key mediator in hypertension and CVD, induces RANKL
expression through the receptor activator of NF-xB ligand in
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osteoblasts, leading to osteoclast activation.®?Shimizu et al®®
further showed that angiotensin Il can activate this signaling
pathway by binding to its receptor, promoting osteoclast dif-
ferentiation and activation. These findings establish a direct
molecular link between cardiovascular pathophysiology and
bone metabolism regulation, where osteoclasts are associ-
ated with bone destruction in various conditions including
bone fractures, osteoporosis, and endodontic pathology.

In AP, this same RANKL/RANK/OPG signaling pathway plays
a fundamental role in bone remodeling processes, directly
affecting disease progression by regulating osteoclast for-
mation and activity.* Given thatboth CVD and AP involve the
same RANKL/RANK/OPG regulatory pathway, it is hypoth-
esized that patients with CVD may experience accelerated
bone resorption in periapical regions when AP develops. The
systemic activation of this pathway by cardiovascular medi-
ators like angiotensin Il could amplify the local bone destruc-
tive processes characteristic of AP, potentially explaining
clinical observations showing more severe periapical lesions
in patients with cardiovascular comorbidities.>

In addition, hypertension may also interfere with calcium
homeostasis in bone tissue by affecting calciumion channels
and calmodulin-dependent protein kinase activity. Especially
in elderly hypertensive patients, the resistance of periapical
tissues to inflammatory stimulation is further reduced due
to generally decreased bone density.> It is worth noting that
commonly used cardiovascular drugs also may participate
in this process: p-receptor blockers and calcium ion channel
blockers may aggravate osteoporosis by affecting calcium-
phosphorus metabolism, while angiotensin-converting
enzyme inhibitors may have a protective effect by inhibiting
RANKL expression.>?

Microcirculation Disorders

Cardiovascular disease, especially coronary atherosclero-
sis, may lead to microvascular dysfunction, affecting the
blood supply to the pulp and periapical tissues. Studies have
shown that coronary atherosclerosis may be associated
with reduced blood supply to the pulp and periapical tis-
sues through vascular disease affecting microcirculation.?
Microvascular endothelial cell dysfunction reduces the
bioavailability of nitric oxide, leading to impaired endo-
thelium-dependent vasodilation. This dysfunction may be
accompanied by potentially increased release of vasocon-
strictors such as ET-1, collectively potentially causing micro-
vascular spasm and thereby reducing the blood supply to
periapical tissues.?

More importantly, local ischemia and hypoxia caused by
microcirculation disorders may stimulate the expression of
hypoxia-inducible factor-la (HIF-1a), a key transcriptional
regulator in both cardiovascular pathophysiology and peri-
apical tissue responses.®’ Under hypoxic conditions, HIF-1a,
on one hand, may trigger a selective autophagy process by
upregulating the expression of mitochondrial protein BNIP3,
clearing damaged mitochondria, reducing oxidative stress
damage to tissues, which is an important protective mech-
anism for cells to cope with hypoxia.®? Simultaneously, by
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transcriptionally activating the expression of vascular endo-
thelial growth factor (VEGF), HIF-1a may promote angio-
genesis to compensatorily increase local blood supply.®® This
activation of autophagy may help to clear damaged cellular
components accumulated in the inflammatory microenvi-
ronment, playing a protective role in tissue repair.

Although HIF-1Ta may improve local blood supply by promot-
ing angiogenesis through VEGF, the effect of this compen-
satory angiogenesis in the inflammatory environment of AP
still needs further research confirmation. For patients with
AP combined with CVD, this issue may be more worthy of
attention.

Immune Function Changes

Current research suggests that immune system alterations
may contribute to the relationship between CVD and AP,
though direct mechanistic evidence remains limited. Toll-
like receptor 4 (TLR4) has emerged as a potential connecting
pathway, given its established roles in both cardiovascular
pathology and periapical inflammation.

Periapical lesion pathogenesis studies demonstrate that
TLRs play crucial roles in the development of periapical
lesions caused by polymicrobial infections, with TLR4 sig-
naling serving as the most important sensing pathway for
both Gram-positive and Gram-negative bacteria and their
subsequent inflammatory responses in polymicrobial pulpal
infections. Experimental studies further confirm that ele-
vated CD14 (cluster of differentiation 14) and TLR4 signaling
are associated with deteriorated periapical inflammation,
with TLR4 overactivation leading to more severe periapi-
cal tissue destruction, particularly under conditions of TLR2
deficiency.®* ¢

In CVD, angiotensin Il upregulates TLR4 expression and
enhances inflammatory responses.®® CVD research also
demonstratesthat TLR signaling can alter Treg/Th17 cell bal-
ance through regulation of dendritic cell function, leading to
decreased secretion of anti-inflammatory factors (such
as IL-10 and TGF-p) and affecting the resolution process of
inflammation.“’These findings suggest that CVD-related
TLR4 activation might theoretically influence periapical
inflammatory processes. However, direct evidence for this
specific interaction is lacking, representing an important
area for future investigation.

TNF-a, as a key inflammatory mediator, plays important
roles in the pathogenesis of both CVD and AP. Research
has demonstrated that the absence of TNFR1 can signifi-
cantly inhibit osteoclast activity in experimentally induced
AP, with TNFR1-deficient mice showing reduced periapical
bone resorption.®® This finding suggests an important role
of the TNF-a—TNFRT1 signaling pathway in bone resorption
processes relevant to periapical lesions. In CVD, TNF-a plays
acentral role in promoting inflammatory responses and vas-
cular damage, with elevated levels contributing to cardiac
inflammation and remodeling.®’

The hypothesized connection to AP emerges through TNF-
a's effects on bone metabolism via the renin-angiotensin
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system. Research has shown that TNF-a priming of osteo-
blasts enhances their responsiveness to angiotensin I,
leading to increased RANKL expression and subsequent
osteoclastogenesis.’”” Conversely, angiotensin Il receptor
blockers such as olmesartan can prevent this angiotensin
Il-enhanced osteoclast formation.”” These findings sug-
gest that cardiovascular pathophysiology may influence
AP development through TNF-a-mediated pathways in the
renin-angiotensin system, suggesting a potential mechanis-
tic link between systemic cardiovascular inflammation and
periapical bone destruction.

Additionally, future research needs to further explore other
potential mechanisms by which CVD might influence AP.
For instance, macrophage polarization imbalance may
represent an important connecting link. Research has con-
firmed that in periapical lesions, macrophages are more
prone to polarize toward the pro-inflammatory M1 phe-
notype, aggravating tissue damage through secretion of
pro-inflammatory factors.”?Similar mechanisms have been
validated in periodontitis, demonstrating that macrophage
M1 polarization can promote vascular endothelial dysfunc-
tion and accelerate atherosclerosis development.” Based
on these established mechanisms, it is hypothesized that
CVD patients may influence macrophage polarization pro-
cesses in periapical lesions through systemic inflamma-
tory states, though this hypothesis requires experimental
validation.

Genetic Susceptibility and Environmental Factors
Genome-wide association studies have revealed that poly-
morphisms in inflammatory factor-related genes such as
TNF-a and IL-18, as well as antioxidant genes such as gluta-
thione S-transferase, may increase individual susceptibil-
ity to AP and CVD.“87%7 These gene polymorphisms could
increase individual susceptibility to both CVD and AP, or
delay the repair process of periapical lesions, by affecting
the intensity of immune responses and the degree of inflam-
matory responses.”” Environmental factors are equally
important, with research confirming that traditional cardio-
vascular risk factors such as smoking and obesity are closely
related to the risk of AP."87

In addition to the currently known mechanisms, future
research needs to further explore the potential mechanisms
by which CVD mightinfluence AP.Firstly, theregulation of the
neuro-immune-endocrine network may play an important
role in this process. CVD may affect the progression of AP by
affecting the function of the hypothalamic-pituitary-adre-
nal axis (HPA axis), leading to an exacerbation of systemic
inflammatory responses.®® Secondly, the effect of CVD-
related coagulation function changes on AP. Abnormalities
in platelet activation and the coagulation cascade not only
affect microcirculation but may also influence the inflam-
matory response and repair process of periapical tissues by
releasing factors such as platelet-derived growth factor
(PDGF) and transforming growth factor-p (TGF-p)." Finally,
the changes in the function of endothelial progenitor cells
(EPCs) in periapical tissues under CVD conditions. Studies
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have shown that patients with CVD have reduced numbers
and impaired function of EPCs, which may affect the angio-
genesis and tissue repair abilities of periapical tissues.””
In-depth research on these potential mechanisms will help
to more comprehensively understand the complex relation-
ship between CVD and AP and provide a theoretical basis for
developing new treatment strategies. The major pathways
through which CVD may influence AP progression are sum-
marizedin Figure 2.

Summary and Interpretation of Evidence

This narrative review synthesizes emerging evidenceregard-
ing potential bidirectional associations between AP and
CVD. While proposed biological mechanisms demonstrate
plausibility and consistent associations have been observed
across different study populations, the current evidence
base remains fundamentally limited by methodological con-
straints and study design limitations. It is crucial to empha-
size that most available data are observational and cannot
demonstrate causality.

The available clinical evidence, derived predominantly from
cross-sectional studies with sample sizes typically under
500 participants, suggests these associations may warrant
clinical attention, particularly in patients with established
cardiovascular risk factors. However, the observational
nature of most studies precludes causal inference, and
many mechanistic insights derive primarily from animal
models whose clinical relevance remains uncertain. The
wide variation in effect sizes reported across studies fur-
ther reflects the heterogeneity and uncertainty inherent in
current evidence.

Several key limitations characterize the existing literature.
First, the lack of standardized diagnostic criteria for both AP
severity and CVD endpoints across studies limits meaningful
comparison and meta-analysis. Second, inadequate control
for potential confounding variables such as smoking, diabe-
tes, socioeconomic status, and oral hygiene practices could
inflate observed associations. Third, the predominance of
hospital-based studies introduces selection bias that may
notreflect community-level relationships.

Despite these limitations, the biological plausibility of the
proposed mechanisms and the consistency of associations
across different study populations support continued inves-
tigation. The demonstrated reductionin systemicinflamma-
tory markers following endodontic treatment provides the
most compelling evidence for a potential causal pathway,
though whether this translates to meaningful cardiovascular
risk reduction remains unproven.

From a clinical perspective, current evidence supports
heightened awareness of these potential associations
without justifying major changes to established treat-
ment protocols. Clinicians treating extensive AP might
consider cardiovascular risk factors in treatment planning,
particularly regarding healing expectations and follow-up
protocols. Conversely, cardiovascular specialists could ben-
efit from including oral health assessment in comprehensive
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Figure 2.Mechanism diagram illustrating how CVD aggravates AP.

patient evaluation, though routine endodontic screening
cannot be recommended based on current evidence.

The most critical need moving forward is for large-scale,
prospective cohort studies with standardized outcome mea-
sures and adequate statistical power to detect clinically
meaningful effects. Randomized controlled trials examin-
ing whether endodontic treatment reduces cardiovascular
event rates in high-risk patients would provide definitive
evidence for clinical decision-making. Until such evidence
emerges, the integration of oral health considerations into
cardiovascular risk assessment represents a reasonable
clinical approach that acknowledges these potential rela-
tionships while maintaining focus on established, evidence-
based preventive and therapeutic strategies.

In conclusion, while the concept of oral-systemic health
connections continues to evolve, the specific relation-
ship between AP and CVD requires substantially stronger
evidence before translating into modified clinical prac-
tice guidelines. The current state of knowledge supports
continued research investment while maintaining appro-
priate clinical vigilance for these potentially important
associations.

Future Research Directions and Clinical Implications
Future Research Directions

Clinical Research Priorities

Current evidence limitations highlight several key areas
requiring investigation. Large-scale, multi-center prospec-
tive cohort studies with sample sizes exceeding 1000 partici-
pants and follow-up periods of at least 5 years are essential
to establish temporal relationships and clinical significance.
These studies must implement standardized diagnostic cri-
teria for both AP severity and cardiovascular endpoints while
adequately controlling for shared risk factors such as smok-
ing, diabetes, and socioeconomic status.

Well-designed randomized controlled trials examining
whether endodontic treatment reduces cardiovascular risk
markers would provide crucial evidence for clinical decision-
making. Given ethical constraints regarding cardiovascu-
lar outcomes, alternative study designs such as propensity
score-matched cohorts may be necessary to evaluate treat-
ment effects on surrogate endpoints.

Mechanistic Research Advancement
Multi-omics approaches should be employed to com-
prehensively characterize the molecular mechanisms
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underlying AP-CVD associations. Single-cell RNA sequenc-
ing can illuminate cellular heterogeneity within periapical
lesions, while spatial transcriptomics may reveal tissue-
specific gene expression patterns contributing to systemic
inflammation.

Microbiome research should advance beyond 16S rRNA
sequencing to utilize metagenomic and metatranscrip-
tomic approaches for species-level identification and func-
tional characterization. Long-read sequencing technologies
offer improved accuracy for microbial community analysis.
Bacterial translocation studies using advanced tracing tech-
niques could provide direct evidence for systemic dissemina-
tion of oral pathogens.

Animal Model Development

Animal model selection should align with specific research
objectives. For investigating overall AP effects on cardio-
vascular health, ligature-induced periodontitis models are
recommended. When studying bacterial translocation via
oral-gut pathways, gavage models may better isolate bac-
terial effects from local inflammatory responses. Chronic
disease models rather than acute interventions should be
employed to better reflect human pathophysiology.

Clinical Implications

Risk Assessment Integration

Clinical practice mightincorporate cardiovascular risk strat-
ification in endodontic treatment planning, particularly for
patientsover 50 years or those with multiplerisk factors. This
couldincluderoutine blood pressure measurement, review of
cardiovascular medications, and communication with physi-
cians when indicated. However, these recommendations
require validation through prospective clinical studies before
implementation as standard practice.

Multidisciplinary Collaboration

Healthcare systems should develop standardized protocols
for multidisciplinary communication between dental and
cardiovascular specialists. This includes establishing referral
pathways, shared care protocols, and integrated electronic
health records to facilitate comprehensive patient manage-
ment. Training programs should emphasize the potential
oral-systemic health connection for both dental and medical
professionals.

Treatment Modifications

For patients with known CVD, endodontic treatment plan-
ning should account for potential healing complications and
may benefitfrom extended follow-up periods. Consideration
should be given to the cardiovascular effects of commonly
used medications: while angiotensin receptor blockers may
have protective effects, beta-blockers and calcium chan-
nel blockers might adversely affect treatment outcomes
through effects on calcium-phosphorus metabolism.
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