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Apical periodontitis and atherosclerosis:
Is there a link? Review of the literature and potential
mechanism of linkage
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Atherosclerosis is a progressive narrowing of arteries that may
lead to occlusion as a consequence of lipid deposition. It
underlies coronary heart disease, as well as myocardial and
cerebral infarctions. Recent attention has been directed
towards the potential contribution of chronic inﬂammatory
processes that may amplify vascular inﬂammation in atherosclerosis, as it is recognized as a chronic inﬂammatory disease.
In this category are two of the most prevalent oral diseases:

periodontal disease and apical periodontitis (AP). There is
increasing epidemiologic evidence for a positive association
between periodontal disease and cardiovascular disease (CVD)
as well as between AP and CVD. A review of the literature, as
well as a potential mechanism for the linkage between AP and
atherosclerosis, are presented in this article. (Quintessence Int
2017;48:527–534; doi: 10.3290/j.qi.a38162)
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Atherosclerosis is a progressive narrowing of arteries
that may lead to occlusion as a consequence of lipid
deposition. Atherosclerosis has a multifactorial etiology,
and a large majority of cases can be traced to known
risk factors. Increased awareness and knowledge of risk
factors has played a large part in prevention and reduction of atherosclerosis prevalence and complications.
Recent attention has been directed towards the
potential contribution of chronic inﬂammatory processes that may amplify vascular inﬂammation in
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atherosclerosis, as it is recognized as a chronic inﬂammatory disease. In this category are two of the most
prevalent oral diseases: periodontal disease and apical
periodontitis (AP). There is increasing epidemiologic
evidence for a positive association between periodontal
disease and cardiovascular disease (CVD) as well as between AP and CVD. Although a causal eﬀect was demonstrated between periodontal disease and atherosclerosis in mice, no studies evaluating the potential causal
relationship between AP and atherosclerosis have been
reported. Given the similarity between AP and periodontal disease and the increasing amount of evidence
that AP might not be locally limited, research in this
area is essential to our understanding of atherosclerosis
disease risk. In this article, periodontal disease and AP,
and the relationship between each of them and CVD, is
discussed, and potential mechanism for the linkage
between AP and atherosclerosis is presented.
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Fig 1 Atherosclerotic lesions in a mouse aortic sinus. Mouse
aortic sinus section cut at the level of the valve leaﬂets (vlv), stained
with Trichrome stain: red, cytoplasm; blue, collagen; purple, nuclei.
Msc, normal muscle wall. A1 and A2, atherosclerotic lesions. The
atherosclerotic lesions cause narrowing of the arterial space.

ATHEROSCLEROSIS
Cardiovascular disease (CVD) and cerebrovascular disease (stroke, transient ischemic attack) share common
mechanisms and often result from atherosclerosis.1
Atherosclerosis can lead to coronary heart disease, as
well as myocardial and cerebral infarctions.2 Atherosclerosis is a progressive narrowing of arteries that can
lead to occlusion due to lipid deposition. According to
the World Health Organization, in 2012, CVD accounted
for 3 in every 10 deaths despite the prevalence and
success of lipid-lowering drugs.3,4
Atherosclerotic lesions, or atheromata, are asymmetric focal thickenings of the innermost layer of the artery,
which is known as the intima (Fig 1).5 The intima is in
contact with blood and is lined by endothelial cells.
Atheromata begin when lipids from high fat diets activate endothelial cells. Increased blood lipids leads to
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changes in sheer stress, and this is perceived by mechano-sensors on endothelial cells as a danger signal.6
These blood lipids also accumulate in the space beneath
the endothelial cells, known as the sub-intima. Endothelial cells respond to these abnormalities by expressing
chemoattractants for monocytes, which are the body’s
immune surveillance cells.7 The endothelial cell surface
also changes, and expresses receptors, such as a vascular cell adhesion molecule 1 (VCAM-1) and intercellular
adhesion molecule 1 (ICAM-1), to guide monocyte
migration and extravasation to the site of lipid accumulation in the sub-intima.7 As a result of these signals,
monocytes mature into macrophages, which can take
up and degrade the lipid. However, this process can be
overwhelmed by chronic high fat, leading to entrapment of macrophages within the sub-intima.
The initial lesion of atherosclerosis is known as the
fatty streak and consists almost entirely of lipid-engorged macrophages. As the disease progresses, these
lesions grow, attract other immune cells and smooth
muscle cells, which encapsulate the lesion. Cells die as
a result of lipotoxicity, and lipid, cholesterol, and cellular debris accumulate, along with connective tissue
elements, as the body attempts to heal this wound.8
Atherosclerosis plaques may be characterized as stable
or unstable, depending upon the strength and thickness of the smooth muscle cell cap.9 Unstable plaque
can rupture, spilling contents that promote blood clotting and occlusion of the vessel.9 This may result in
myocardial infarction or stroke and potential fatal consequences. Atherosclerosis is recognized as a chronic
inﬂammatory disease in that metabolic risk factors,
such as hypercholesterolemia and hypertriglyceridemia, lead to an activated endothelium which triggers
an immune response, and this initiates, propagates,
and activates lesions in the arterial tree.4,5
Atherosclerosis has a multifactorial etiology (Fig 2).
Major risk factors include unhealthy blood cholesterol
and/or triglyceride levels, high blood pressure, smoking, insulin resistance, diabetes, overweight or obesity,
lack of physical activity, unhealthy diet, age, gender
(male), and family history of early heart disease.10 High
plasma levels of the acute phase response protein,
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C-reactive protein (CRP), is a sign of chronic vascular
inﬂammation and correlates with atherosclerosis disease risk.10 Emerging risk factors include heavy alcohol
consumption and sleep apnea.10-12 Some risk factors are
ﬁxed, including family history, age, and gender, but
others can be modiﬁed by medication (such as controlling blood pressure or cholesterol levels) or by
behavioral changes (such as diet and physical activity).
Increased knowledge of potential risk factors allows for
future prevention and reduction of atherosclerosis.
It is important to note that a substantial proportion
of atherosclerotic CVD events occur in individuals without hyperlipidemia.4 This has turned the attention to
other pathophysiologic drivers of atherosclerosis.
Because inﬂammation is involved in all stages of atherosclerosis, interventions modulating systemic or local
inﬂammatory responses have become attractive means
to alter CVD risk.4 Recently, more attention has been
directed towards the identiﬁcation of potential contributors to chronic inﬂammatory processes that may
amplify vascular inﬂammation in atherosclerosis. In this
category are two of the most prevalent oral diseases:
periodontal disease (periodontitis) and AP.

CHRONIC ORAL INFLAMMATORY
DISEASES
Periodontal disease and AP share a common bacterial
etiology. Bacteria that are normally found in the oral
cavity create a pathologic micro-environment in the
periodontal pocket or root canal that leads to a continuous host inﬂammatory reaction. The host tries to
eliminate the bacteria, but without success, due to
continued bacterial ﬂow (from the oral cavity) and the
inability of the immune system to access these two
niches. The two diseases are mostly painless and create
minimal discomfort to patients, and as a result they
may persist unnoticed for years.13 Periodontal disease
and AP can be eliminated by appropriate therapy,
which involves removal and prevention of resettlement
of the microbial factor.
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Fig 2 Atherosclerosis risk factors. Atherosclerosis is a chronic
inﬂammatory condition with a multifactorial etiology.

Periodontal disease
Periodontal disease is inﬂammation of the tissues surrounding the tooth, including the periodontal ligament, cementum, and alveolar bone. It develops as a
response to (mostly) gram-negative, anaerobic bacteria, which originate in the oral cavity and accumulate
on the tooth surface as dental plaque.2,14 The host
mounts an inﬂammatory response to the bacteria in
plaque. Whether acute or chronic, the inﬂammation
can eventually lead to loss of bone supporting the
tooth structures. Severe periodontal disease is found in
15% to 20% of middle-aged (35 to 44 years) adults.
More than 70% of adults 65 and older have moderate
to severe periodontal disease.15
The association between periodontal disease and
CVD has been widely investigated and a positive association has been reported in a systematic review and
meta-analysis of observational studies.16 The meta-analysis concluded that periodontal disease is associated
with a 19% increase in the risk of future coronary heart
disease.16 Furthermore, the increase in relative risk was
more prominent (44%) in persons aged 65 years and
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older.16 A cross-sectional human study found that levels
of triglycerides were higher in periodontitis patients
compared to subjects without periodontitis (178 mg/dL
vs 165 mg/dL; P < .05), and levels of high-density lipoproteins were lower (44 mg/dL vs 50 mg/dL; P < .05).17
This lipid proﬁle is consistent with greater potential for
CVD. Several basic science studies have shown a causative association between atherosclerosis and periodontal disease.18,19 A recent study, using a genetically
engineered atherosclerosis mouse model, identiﬁed
CD36 as essential to host inﬂammatory signaling in
response to the gram-negative bacteria, Porphyromonas
gingivalis, which is a known perio-pathogen (and also
found in infected root canals in AP) and suggested
CD36-dependent interleukin 1 beta (IL-1β) generation
as a link between periodontal disease and CVD.19

Apical periodontits (AP)
The term “apical periodontitis” describes inﬂammation
in the alveolar bone, adjacent to the apical opening of
an infected root canal, in reaction to infection harbored
in the root canal system. This infection, similar to periodontal disease, consists primarily of gram-negative
anaerobic bacteria. AP may be detected radiographically as a radiolucent lesion in the surrounding alveolar
bone adjacent to the apical part of the infected tooth,
and is then referred to as a periapical lesion (PAL)
(Fig 3). PALs are highly prevalent, occurring in 34% to
61% of patients.20-22 Five percent of all teeth without
root canal treatment (RCT) and 25% with RCT present
with PALs.23 These numbers are likely an underestimation, due to the limited sensitivity of radiographs.
Because PALs are usually not painful, they may go
undetected and remain chronic and untreated for
years.24 In a recent publication, the long-term (at least 4
years) dynamics of PALs were evaluated and described.25
In this study, 51% of the PALs worsened, 28.5% of PALs
remained unchanged, and 20% improved over time.
The authors concluded that further endodontic treatment was indicated in non-healed cases, those with
poor root ﬁllings or poor coronal restorations, because
of the likelihood for the lesions to worsen.25 The treatment of choice, tooth retention or extraction, should be
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evidence-based, taking into account the various factors
and related treatment outcomes, as well as some perceptions based on clinical experience.26
Most radiographically detected PALs (97.2%) represented lesions of endodontic origin and included periapical granulomas (60%), radicular cysts (36.7%), periapical ﬁbrous scars (0.27%) and periapical abscesses
(0.23%).13 High-quality endodontic treatment or
retreatment led to PAL resolution in 80% of cases.27 A
small subset (2.8%) of PALs represent a group of lesions
of non-endodontic origin.13 These lesions require a different and more radical treatment, including surgical
intervention, due to their aggressive behavior, tendency to recur, and risk of malignancy; they should not
be left untreated. Therefore, in cases when there is no
resolution/healing despite intervention, a biopsy is
required for further diagnosis and reevaluation. The
potential histopathologic diagnoses of these lesions
include odontogenic keratosis, benign ﬁbro-osseous
lesions, ameloblastoma, Langerhans cell disease, and
central giant cell granuloma or malignancy.13 In addition to the fact that long-standing, unhealed PALs raise
suspicion for one of these diﬀerent diagnoses, the
chronic inﬂammatory process may, like periodontal
disease, have systemic inﬂuence.

EPIDEMIOLOGIC EVIDENCE FOR
LINKAGE BETWEEN AP AND CVD
New studies continue to emerge regarding the epidemiologic evidence for the association between AP and
CVD, and this area of research draws interest within the
dental research community.28-31 A recent systematic
review identiﬁed 19 epidemiologic studies in humans (4
cohort, 5 cross-sectional, and 10 case-control) that
examined the association between radiographically
detected AP and CVD.28 Of these, 13 showed a signiﬁcant positive association between AP and CVD, although
two lost signiﬁcance after multivariable analysis. It was
concluded that evidence exists for a positive association
between AP and CVD; however, the level was moderate
to low, and no causal relationship could be established.28 Since that analysis, new epidemiologic evi-
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Figs 3a and 3b Radiolucent periapical
lesions (PALs)/apical periodontitis (AP). (a)
Radiolucent PALs (red arrows) associated
maxillary left incisors, poor endodontic
treatments, and poor restorations. (b) One
year following endodontic retreatment
and new restorations in the maxillary left
incisors; maxillary left lateral incisor with a
healed PAL; maxillary left central incisor
with an unchanged PAL.

a

dence supporting the positive association between AP
and CVD has emerged, including a study, with 364 participants, that found that the likelihood of subjects with
radiographically detected AP to also have CVD was 5.3fold higher compared with subjects without AP.29
Evaluation of the inﬂuence of AP as a separate risk
factor for CVD is challenging for several reasons. First,
many factors contribute to the risk of atherosclerosis, as
it is known to have a multifactorial etiology (Fig 2).10
These factors can be addressed during study design
and analysis as potential confounders, but based on
previous publications, these factors are not always easily controlled.28 Another challenge is the method used
in the studies to measure outcome (CVD) and level of
exposure (AP). For example, diﬀerent radiographic
methods are used to evaluate for the presence of AP,
including periapical radiographs, panoramic radiographs, cone beam computed tomography (CBCT), and
whole body CT.28 The variation in method is signiﬁcant
because the type of radiograph inﬂuences the ability to
detect a PAL. The speciﬁcity and sensitivity for detection of a PAL varies among panoramic radiographs,
periapical radiographs, and CBCT images: sensitivity
0.28, 0.55, 0.91 to 0.98, respectively; and speciﬁcity 1,
0.98, and 0.73, respectively.32,33 This means that when a
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panoramic radiograph is used for screening only 28%
of PALs would be detected. Some studies have used
patients’ self-report of having a RCT in the past as an
indicator of AP, without a complementary radiographic
evaluation.34-36 This method would be considered the
least reliable. For these reasons, studying the direct
association between CVD and AP is challenging in an
experimental setting that involves humans, and a
causal relationship between the two has not yet been
established.

Possible underlying mechanism of the
association between AP and CVD
Although periapical infections cause a number of local
tissue responses that limit the spread of infectious elements, AP may not be an exclusively local phenomenon.37 Results from a meta-analysis by Gomes et al38
show that the presence of AP is associated with a systemic increase in inﬂammatory markers including C-reactive protein (CRP), IL-1, IL-2, IL-6, asymmetric dimethylarginine (ADMA), and immunoglobulins (IgA, IgG, and
IgM) in humans.38 Overall those ﬁndings suggest that
AP contributes to a systemic immune response that
may mediate accelerated atherosclerosis.38 The potential role of these inﬂammatory mediators is as follows:
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•

•

•

•

CRP, which is increased in patients with AP,38 is a
marker associated with atherosclerotic cardiovascular disease, independent of traditional risk factors
for CVD.4,39
It is known that endothelial cells can undergo a dramatic modulation in their functional phenotype in
response to certain bacterial products, such as
gram-negative endotoxins, and other pathogen-associated molecular patterns (PAMPs) or cytokines,
such as IL-1, tumor necrosis factor (TNF), and interferon-gamma (INF-γ).40,41
ADMA, an endogenous inhibitor of the endothelial
enzyme nitric oxide (NO) synthase, is a cardiovascular risk marker.42 Low levels of NO are associated
with endothelial dysfunction.
Endotoxin or lipopolysaccharide (LPS) is an important gram-negative bacteria virulence factor. After
its release from bacteria, LPS initially binds to a
plasma protein called LPS-binding protein and
then is delivered to the cell receptor for LPS, CD14,
which is expressed primarily on the surface of macrophages.43 In most situations, CD14 facilitates
signaling by the innate immune receptor, Toll-like
receptor 4 (TLR4), leading to the host response,
which includes activation of the transcription factor nuclear factor kappa B (NF-κB) and consequent
expression of pro-inﬂammatory cytokines and
chemokines.43

Interestingly, LPS from a major causative pathogen in
periodontal disease and AP, the anaerobic gram-negative
bacteria P gingivalis, has been found to activate macrophages through an alternative TLR, TLR2.44 Bacterial activation of this inﬂammatory cascade may underlie the
association between periodontitis (and potentially AP)
with CVD; locally released cytokines may gain access to
the systemic circulation, inducing or perpetuating an
elevated chronic systemic inﬂammatory status.45 Indeed,
a recent study, using a mouse model of P gingivalis-induced periodontal disease found evidence for a systemic
pro-inﬂammatory eﬀect, through increasing overall oxidative stress and levels of IL-1β.19 This study implicated the
macrophage receptor CD36, as essential to P gingivalis-in-
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duced TLR2 signaling and cytokine production, which
provides a new target for therapeutic strategies (Fig 4).19
Since the etiology and the pathophysiology of periodontal disease and AP are similar, there may also be
similar underlying mechanisms for systemic eﬀects
from these chronic oral infections. This area remains to
be further investigated. A summary of the suggested
mechanism of association between AP and atherosclerosis, based on the studies uncovered, is presented in
Fig 5. Brieﬂy, it is known that AP is a local inﬂammatory
reaction, but systemic inﬂuence has been demonstrated.38 Chronic inﬂammatory mediators may be carried via the circulation to various areas in the body. In
those areas with a pre-existing atherosclerotic lesion,
this could enhance the immune reaction at that site.
This may potentially result in acceleration of the pre-existing atherosclerosis process.

CONCLUSION
Although there is epidemiologic evidence for an association between AP and CVD, a recent systematic review
concluded that the level of evidence was moderate to
low.28 Atherosclerosis has a multifactorial etiology and
AP may potentially contribute to atherosclerotic lesion
development in certain subjects, similar to periodontal
disease. Since the etiology and the pathophysiology of
periodontal disease and AP are similar, it is reasonable
to hypothesize that similar underlying mechanisms
could be responsible for a link between AP and CVD,
but this remains an area that needs further study. The
question of causality also remains unanswered.
In addition to these questions, there are also other
important issues that need to be considered: is there a
critical periapical lesion number/size that determines
systemic inﬂuence? Is the length of time with an AP
important? Can AP lead to CVD in the absence of
hyperlipidemia or other more traditional risk factors of
CVD? Given the number of patients with AP and the
potential impact, further longitudinal study is warranted, with better control of confounders, and investigation of mechanisms of linkage. Mechanistic understanding of how a chronic long-term inﬂammatory
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Figs 4a and 4b Inﬂammation: From the tooth to the arteries. (a) Activation of macrophages by periodontal disease bacteria (Porphyromonas gingivalis, Pg) in the oral cavity is mediated by CD36 and TLR2 and leads to systemic release of pro-atherosclerotic IL1β. (b)
Systemic IL1β activates naive (to Pg) vascular macrophages to secrete IL1β (1), and promotes CD36-mediated uptake of lipid (2) and
enhanced atherosclerosis (3). Although it is controversial as to whether Pg/PgLPS is found in the vasculature, the presence of lipid
would promote the development of greater atherosclerotic plaque (4). Reproduced with permission from Brown et al.19
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Suggested potential biologic mechanism for linkage between AP and atherosclerosis.

condition, such as AP, increases risk of atherosclerosis
may be applicable to other conditions, including rheumatoid arthritis, inﬂammatory bowel disease, chronic
kidney disease, etc. Overall, there is a need for more
research to ﬁll the gaps in our knowledge.
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