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Abstract

Inflammation and endothelial dysfunction are linked
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to the pathogenesis of atherosclerotic disease. Recent
studies suggest that periodontal infection and the
ensuing increase in the levels of inflammatory markers
may be associated with myocardial infarction, peripheral
vascular disease and cerebrovascular disease. The
present article aimed at reviewing contemporary data
on the pathophysiology of vascular endothelium and
its association with periodontitis in the scenario of
cardiovascular disease.
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Core tip: Recent studies underscore the importance of
endothelial dysfunction and inflammatory markers for
the development of atherosclerotic disease. In addition,
the literature suggests a direct association between
periodontal and cardiovascular diseases. Nevertheless,
more robust intervention studies are required to clarify
specific gaps, especially in relation to the biological and
clinical effects of periodontal disease on the genesis
and progression of atherosclerotic disease.
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INTRODUCTION

Cardiovascular disease is still the leading cause of

morbidity and mortality worldwide. Nevertheless, as a
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result of new and effective strategies to prevent and treat
atherosclerosis, the number of deaths associated with
cardiovascular events has not increased, and seems to
have stabilized in some countries'".

Because it has regulatory, secretory, metabolic,
immunological, and synthesizing properties, the vascular
endothelium may be regarded as a heterogenecous and
dynamic organ. An imbalance of these properties is linked
to the onset of endothelial dysfunction and atherogenesis,
and to increased risk of cardiovascular events”. Added
to that, in the past years, the role of inflammation in the
development of atherosclerosis has also been explored.
Data from epidemiologic studies confirm the association
between high levels of inflammatory markers and the
progression of cardiovascular disease™.

Emerging evidence suggests that periodontal infection
may be an independent risk factor for myocardial
infarction, petipheral vascular disease, and cerebrovascular
disease™. A metanalysis has shown increased incidence
of coronary heart disease [relative risk (RR) = 1.14;
95%CI: 1.07-1.21; P < 0.001] in patients with periodontal
disease even after adjustment for confounding factors
such as smoking, diabetes, alcohol intake, obesity, and
arterial hypertension, also suggesting a positive correlation
between dental loss and coronary artery disease!®. It
should be noted that much of this evidence was generated
by observational studies. In this sense, additional studies
with more robust designs should be carried out to provide
answers regarding the association between periodontal
and cardiovascular diseases.

With the aim of furthering the understanding of the
relationship between vascular endothelium, periodontal
disease, and the process of atherosclerosis, this article
will review contemporary data about endothelial path-
ophysiology and its association with periodontitis in
cardiovascular disease. For that, the MEDLINE-PubMed
database was searched to retrieve articles published
between 1980 and 2014, using the following DeCS terms:

95, <

“endothelium, vascular”;

2, <«

atherosclerosis”; “periodontal

2, <«

diseases”; “nitric oxide”; “cardiovascular diseases”.

VASCULAR ENDOTHELIUM AND

ATEROSCLEROSIS

Endothelial cells (ECs) form an organ weighing
approximately 1 kg; they are distributed along the body
(total estimated area: 7000 m’), and are characterized by
heterogeneous structure and function, with phenotypic
variation according to their location in different organs,
tissues, or blood vessel type. Located at the interface
between blood and tissues, the vascular endothelium plays
an important role in the cardiovascular system, including
regulation of vascular tone (smooth muscle), synthesis
and secretion of molecules, and control of homeostasis,
coagulation, and inflammatory and atherogenic responses'”.

Atherosclerosis is a progressive disease, characterized
by accumulation of lipid patticles and fibrous elements
on the arterial wall. A more recent concept has introduced
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the notion that, in addition to the thrombotic process,
inflammation and endothelial dysfunction are also
directly related to all stages of atherosclerosis. In the
undamaged endothelium, ECs resist leukocyte adhesion
and aggregation, in addition to promoting fibrinolysis.
However, when associated with inflammatory factors,
such as periodontal disease, cardiovascular risk factors
(smoking, obesity, sedentary lifestyle, dyslipidemia,
diabetes) promote changes in endothelial permeability
and hence endothelial function. At this initial stage,
ECs express adhesion molecules that selectively recruit
various leukocyte classes into the tunica intima"".
Monocytes mature into macrophages, forming foam cells
that release cytokines and factors that affect ECs. This
process induces migration of smooth muscle cells from
the media to the intima and affects metabolism of the
arterial extracellular matrix (metalloproteinase), synthesis
and release of procoagulant factors, and the bioavailability
of nitric oxide (NO)". NO, initially defined by Furchgott

13

et al'" as an “endothelium-derived relaxing factor”, is
synthesized by the action of an enzyme, endothelial nitric
oxide synthase (eNOS), from the amino acid L-arginine.
NO plays a fundamental part in endothelial function,
promoting smooth muscle relaxation and consequently
vasodilatation. In addition, NO supports inhibition of
platelet aggregation, smooth muscle cell proliferation, and
maintenance of anti-sclerotic effect”.

The inflammatory process may also contribute to
atherosclerotic plaque rupture and thrombosis. Infla-
mmation regulates the fragility of the fibrous cap and the
thrombogenicity of the atherosclerotic plaque, influencing
collagen metabolism, which provides strength and
stability to the capm]. Pro-inflammatory cytokines such
as C-reactive protein (CRP), fibrinogen, tumor necrosis
factor-alpha (TNF-q), interleukin-1 (IL-1), and IL-6
reduce the endothelial expression of NOS!"", increasing
endothelial synthesis of NADPH oxidases and promoting
endothelial expression of vascular cell adhesion molecule-1
(VCAM-1), intercellular adhesion molecule-1 (ICAM-1),
E-selectin and P-selectin*"?. As a result, the absence of
anti-atherogenic properties in the endothelium increases
leukocyte migration and platelet activation to form the
atherosclerotic plaque'”.

In this sense, endothelial function and inflammatory
markers are important predictors of future cardiovascular
events in individuals at risk for atherosclerotic disease.

CELL ADHESION MOLECULES

Cell adhesion molecules (CAMs) are glycoproteins ex-
pressed on the cellular surface. CAMs are involved in cell-
cell and cell-extracellular matrix binding and encompass
immunoglobulins such as ICAM-1 and VCAM-1, as well
as the selectin family, including leukocyte-endothelial
adhesion molecules (E-selectin), P-selectin and leukocyte-
lymphocyte adhesion molecules (L-selectin), integrins, and
cadherins"’.

Selectins are expressed on the surface of endothelial
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Table 1 Summary of the involvement of pro-inflammatory cytokines and adhesion molecules in atherosclerosis

Pro-inflammatory cytokines and adhesion  Cells involved

molecules

Atherogenic effect

Adhesion molecules and
endothelial cells
Platelet, adhesion molecules

C-reactive protein

Fibrinogen
and smooth muscle

Tumor necrosis factor-alpha Monocytes, neutrophils and

endothelial cells

Epithelial cells, fibroblasts and

macrophages/monocytes

Interleukin-6

Interleukin-1B
Vascular cell adhesion molecule-1

Macrophages/monocytes
Endothelial cells
Endothelial cells
Leukocyte-endothelial adhesion molecules Endothelial cells

Intercellular adhesion molecule-1

Stimulates production of adhesion molecules and chemokines by
endothelial cells™

Activates platelet aggregation and promotes the migration and
proliferation of smooth muscle™

Activates monocytes, neutrophils and endothelial cells to express adhesion
molecules™

Is involved in promoting coagulation, which result in the development of

atherosclerosis™!

Impedes fibrinolysis, facilitates coagulation and thrombosis™*
Suggested as potential candidate markers of endothelial dysfunction

Implicated in leukocyte recruitment and migration into the vessel wal
[16]

[19]
10

Migration of monocytes down into the subendothelial space’

cells, leukocytes, and platelets, and their expression in
the endothelium is induced by various inflammatory
cytokines. In the first phase of leukocyte migration,
selectins mediate the capture and transport of circulating
leukocytes into the vascular endothelium. In the second
phase, leukocytes adhere to the endothelium through
the action of ICAM-1 and VCAM-1, migrating into the
interstitial tissue space“‘7].

Soluble forms of CAMs are found in plasma and
correlate to endothelial dysfunction"”. Thus, these
markers are associated with biological mechanisms that
promote thrombus formation, plaque rupture, and
subsequently acute coronary events'”. The summary
of the involvement of pro-inflaimmatory cytokines and
adhesion molecules in atherosclerosis is described in

Table 1.

SHEAR STRESS

Even if the multifactorial pathophysiologic nature of
atherosclerosis is recognized, special attention should be

paid to a specific component in this scenario-shear stress.
Shear stress is a biomechanical force determined by
blood flow, vessel geometry, and fluid viscosity, aspects
modulating the structure and function of the vascular
endothelium. The presence of “disturbed” flow-that is,
nonlaminar flow-favors atherosclerotic plaque formation.
Atherosclerotic plaque development is favored by a
combination of cardiovascular risk factors and altered
arterial hemodynamics around curvatures, arterial branch
ostia and bifurcations™.

Studies have shown that different types of shear stress
correlate with “resistant” or “susceptible” regions in
the endothelium during athcrogenesis[zﬂ. Pulsatile blood
flow triggers many types of hemodynamic, hydrostatic,
and cyclic forces that have the ability to influence
vascular endothelial physiology[m. The most susceptible
atherosclerotic lesions are associated with certain sites
in the proximal branches, bifurcations, and in areas of
greater curvature. However, regions with uniform laminar
flow are typically more resistant to atherogenic plaque
formation™”
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PERIODONTAL DISEASE,
INFLAMMATORY MARKERS, AND
ENDOTHELIAL DYSFUNCTION

Periodontal disease encompasses two large groups
of gum diseases. Gingivitis, which is characterized by
inflammation of the gingival margin, is easily reversed

with adequate oral hygiene. Periodontitis entails a
chronic infectious/inflammatory process involving the
supporting tissues of the tooth, including periodontal
ligament and alveolar bone. The main consequence of
periodontitis is the loss of tooth support structures
and tooth loss™. Data from different countries show
a prevalence of periodontitis reaching up to 50%**";
however, progression is usually slow™.

Epidemiologic studies provide evidence of an asso-
ciation between periodontitis and cardiovascular discase™”.
The biological plausibility for this association is based
mainly on the fact that patients with periodontitis present
increased levels of CRP, TNF-q, intetleukins, and other
inflammatory markers, which are associated with endothelial
dysfunction and cardiovascular events™ !, Most studies
employ different inflammatory and endothelial biomarkers,
with secondaty outcomes, whereas primary outcomes such
as death or brain stroke have not yet been evaluated”™ ™",

A recent systematic review and metanalysis analyzed
the effect of periodontal treatment on cardiovascular
risk profile in patients with established periodontitis.
The main findings show a significant reduction in CRP
(-0.50 mg/dL), IL-6 (-0.48 ng/L), TNF-a (-0.75 pg/
mL), fibrinogen (-0.47 g/L) and total cholesterol (-0.11
mmol/L) in the intervention group. In addition, thete was
improvement of endothelial function and an additional
benefit regarding inflammatory markers in patients with
traditional cardiovascular risk factors”™. Tnvestigating
the same outcome in a different scenario, another study
compared patients with coronary heart disease with or
without periodontitis. The results indicate that treatment
of periodontal disease promoted a reduction in serum
concentrations of CRP, from 2.7 + 1.9 mg/L to 1.8 £ 0.9
mg/L (P < 0.05), and of IL-6, from 2.6 + 3.4 mg/L to 1.6
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Table 2 Summary of the effects of periodontal disease on pro-inflammatory cytokines and adhesion molecules

Pro-inflammatory cytokines and adhesion molecules

Effect of periodontal disease

C-reactive protein

Fibrinogen

Tumor necrosis factor-alpha

Interleukin-6

Interleukin-1f

Vascular cell adhesion molecule-1
Intercellular adhesion molecule-1
Leukocyte-endothelial adhesion molecules

Increased™!
Increased™!
Increased™!
Increased™!
Increased™
Increased™
Increased™
Increased™

+ 2.6 mg/L (P < 0.05) in patients with periodontitis””.

In addition to inflammatory markers and adhesion
molecules, the measurement of brachial artery flow-
mediated dilation (FMD), a technique developed initially
in 1992, is also useful to assess the endothelium™. This
non-invasive technique evaluates the diameter of the
brachial artery before and after induced forearm ischemia.
A blood pressure cuff is inflated at the distal or proximal
section of the arm, and FMD is expressed as the percent
change in brachial artery diameter at the end of ischemia.
This dilatation is mediated by endothelial release of NO
in response to shear stress at the arterial wall™.

FMD is decreased in individuals with cardiovascular
risk factors (diabetes, hypertension, obesity, and smoking,
among others) and established atherosclerosis””. A
study published in 2005 evaluated endothelial function
in patients with a diagnosis of severe periodontitis. The
main findings following periodontal treatment show
significant improvement in FMD, of 9.8% * 5.7% (P =
0.003) as compared to baselines measures, accompanied
by a reduction in the levels of CRP from 1.1 £ 0.9 to 0.8
+ 0.8 (P = 0.026)"". In this sense, evaluation of FMD
and cardiovascular disease biomarkers have recently been
studied and associated with endothelial dysfunction and
occurrence of cardiovascular events™”. The summary
of the effects of periodontal disease on pro-inflammatory
cytokines and adhesion molecules is depicted in Table 2.

CONCLUSION

The present literature review suggests that periodontal
treatment reduces the risk of cardiovascular disease
by improving plasma levels of inflammatory markers
(CRP, TNF-q, IL), thrombotic markers (fibrinogen) and
adhesion molecules (VCAM-1, ICAM-1, P-selectin), in
addition to improving endothelial function as assessed
by FMD. Future intervention studies are required to
further elucidate the association between periodontal and
cardiovascular disease, especially in terms of the biological
effects of periodontal disease on the atherogenic cascade
affecting the vascular endothelium.
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