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Abstract

Atherosclerotic disease (AD) is one of the most important causes of morbidity and mortality in the world. It
expresses inflammatory markers such as C-reactive protein (CRP) and can provoke arterial wall thickening, which can
be evaluated using Doppler ultrasound. Risk factors associated with AD include diabetes mellitus, systemic arterial
hypertension, dyslipidemia and smoking. More recently, periodontal disease (PD) has been identified as a factor
related to AD. Periodontal disease has a high prevalence in the global population and the inflammatory process and
bacterial activity at the periodontium appear to increase the risk of AD. Encouraging good oral hygiene can reduce
expression of inflammatory markers of AD. A review of literature on PD, AD and inflammatory markers and the
interrelationships between the two diseases was conducted using data published in articles indexed on the PUBMED,
SCIELO and BIREME databases.
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Resumo

A doenca aterosclerdtica (DA) constitui uma das principais causas de morbimortalidade no mundo. A sua expressio
laboral pode ser através de marcadores inflamatérios, como a proteina C reativa (PCR) e/ou o espessamento da
parede arterial, que pode ser analisado pela ultrassonografia com Doppler colorido. Os fatores de risco associados a
DA sdo o diabetes mellitus, a hipertensdo arterial sistémica, a dislipidemia e o tabagismo. Mais recentemente, a doenga
periodontal (DP), que tem uma elevada prevaléncia na populagdo mundial, tem sido considerada um fator relacionado
ao desenvolvimento da DA, em que o processo inflamatorio e a atividade bacteriana no periodonto parecem aumentar
o risco para a DA. A motivagdo da higiene oral pode diminuir a expressdo dos marcadores inflamatérios da DA.
Com base em dados publicados em revistas eletronicas e indexados pelos mecanismos de busca PUBMED, SCIELO e
BIREME, foi realizada uma revisdo de literatura sobre a DP e a DA, além dos marcadores inflamatérios expressos em
ambas as doengas e suas possiveis inter-relagdes.
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ATHEROSCLEROTIC DISEASE

Atherosclerotic disease (AD) comprises a series
of histopathological abnormalities that compromise
the arterial circulatory system, obstructing the lumina
of blood vessels. It has multifactorial etiology and
a chronic nature and very often has early onset in
people with risk factors such as dyslipidemia, diabetes
mellitus and smoking.! Examples of AD include the
group of diseases known as cardiovascular diseases
(CVDs), the most important of which are myocardial
infarction secondary to obstruction of the coronary
arteries, cerebral vascular accident secondary to
obstruction of the carotid arteries and their branches,
and peripheral arterial disease, which most often
affects the lower limbs.?

Atherosclerotic disease is one of the principal
causes of morbidity and mortality in the adult and
elderly population.® According to the World Health
Organization (WHO), CVDs were responsible for
20% of all deaths worldwide in 1995, passing the
50% point in some developing countries. In 1999,
CVDs were responsible for one third of deaths on
Earth. In 2010, they were responsible for 33% of all
deaths in the world.* According to the WHO 2013
annual report,’ 32% of deaths in the entire world were
caused by CVDs.

In Brazil, CVD-related mortality in 2004 was one
of the highest in Latin America, with 286 deaths per
100 thousand people.® In 2006, 29% of causes of
death in Brazil were related to CVDs. In 2008, 37%
of deaths were caused by CVDs.?

With relation to public healthcare spending,
hospital admissions on the Brazilian national health
service because of CVDs are responsible for very
heavy expenditure. In 2007, 27.4% of admissions of
people aged 60 years or older were caused by CVDs.”
In 2008, 10% of admissions of people in all age
groups were caused by CVDs with an estimated cost
of 1.6 billion Reais.* Low socioeconomic status has a
negative influence and is associated with higher CVD
prevalence. A study conducted by Schmidt et al.” in
Porto Alegre, Rio Grande do Sul, Brazil, found that
CVD mortality between the ages of 45 and 64 was
163% higher in an underprivileged population living
on the outskirts of the city.’

PATHOPHYSIOLOGY OF ATHEROSCLEROTIC
DISEASE

From the pathological point of view, AD is the
result of changes to the permeability of vascular
endothelium in the tunica intima, which allows lipids
and inflammatory cells, precursors of atherosclerotic
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plaques, to enter the artery wall.® Normally, low
density lipoproteins (LDLs) are deposited in
endothelial cells. These LDLs are hydrolyzed into
phospholipids, triglycerides, proteins and cholesterol.
After hydrolysis, certain receptors are expressed on
the cellular membrane and other products, such as
cholesterol, are utilized in reconstruction of the cell
membrane.'® In the presence of hypercholesterolemia,
or in situations that aggravate deposition of LDLs,
nitric oxide (NO) consumption in endothelial
cells and free radical production are increased,
leading to dysfunction of metabolism of fatty acids,
apoproteins, lecithin and protein G. The final result
is endothelial incapacity to adequately respond to
systemic aggressions."” Endothelial NO production
is impaired because of reduced expression of NO
synthetase, increased synthesis of nicotinamide
adenine dinucleotide phosphate oxidase (NADPH
oxidase) and increased expression of adhesion
molecules, such as type 1 intercellular adhesion
molecule (ICAM-1), endothelial selectin and type
1 vascular cell adhesion molecule (VCAM-1),
with migration of monocytes to the artery wall and
formation of foam cells, which are rich in fat, and
gradual progression to atherosclerotic plaques.®!

Atherosclerosis is a process that begins during
childhood with the appearance of fatty streaks, which
are precursor abnormalities of the atheromatous
plaques that normally appear at more advanced
ages.”? The disease follows a varied course, with
periods of quiescence interspersed with periods
of rapid progression, developing throughout
life, with deposition of lipids at the same time as
the inflammatory process grows uncontrollably.
Atherosclerotic plaques can progress to significant
stenosis, after many years of silent development.’
In the final stages they can become unstable and
progress to rupture, exposing the subendothelial
layer, which contains lipids, collagen and elastin, and
with the possibility of thrombus formation, which
tends to be the final acute event in the majority of
cases of obstructive AD.5810

Symptoms vary in relation to the degree of
narrowing of the artery lumen, the velocity of
progression, the presence of collateral circulation
and the metabolism of the organ involved, and
may manifest as precordial pain (angina or acute
myocardial infarction), in the case of coronary
artery disease (CAD); neurological disorders such
as aphasia, paresis, paralysis and amaurosis, in the
case of cerebrovascular disease; and pain in the
lower limbs (intermittent claudication, rest pain and
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gangrene), in the case of peripheral arterial disease
(PAD).B,M

External factors, such as diet, smoking, physical
exercise and medications (primarily statins and
platelet antiaggregants) can all affect the course
of AD and control risk factors, reducing adhesion
molecule expression and improving endothelial
response in patients with atherosclerosis.!

In view of the facts that AD is a progressive
disease and that changing risk factors can decelerate
its progression, mechanisms must be employed to
identify people who are more susceptible and who
have more serious forms of the disease. To achieve
this objective, certain markers can be used to asses
the risk of individuals who are still asymptomatic
from a clinical point of view, but who will be more
likely to develop CVDs.

Markers of atherosclerotic disease

Evaluation of AD can be accomplished by means
of analysis of clinical, laboratory and radiological
parameters. Detection of initial AD from a clinical
point of view is unreliable, since clinical methods
cannot detect early risk because symptoms generally
emerge in cases in which more than 70% of the lumen
is already obstructed.'?

Laboratory test options include assaying
blood samples for plasma concentrations of LDL
cholesterol, triglycerides, fasting glycemia, glycated
hemoglobin and C-reactive protein (CRP), which are
markers linked with AD progression. !¢

C-reactive protein is an acute-phase protein
belonging to the pentraxin family."” It was discovered
by Tillett and Francis.'® At the time, it was believed
to be a pathogenic secretion. Its molecular weight
is 25,106 Daltons and synthesis is coded by
chromosome 1. It is found in the blood and is
produced by the liver in response to proinflammatory
cytokines released during any type of systemic
inflammatory process." After tissue aggression,
CRP concentrations increase rapidly within 2 hours
and, after the inflammatory stimulus subsides, they
return to normal levels within 18 hours.* Balan?
conducted a systematic review showing that CRP
concentrations are higher in patients with ongoing
inflammatory processes, such as periodontitis, and
generally pass 2.1 mg/L.

When CRP binds to phospholipids expressed
on the cell surface it can stimulate endothelial,
smooth muscle and inflammatory cells. Proliferation
of smooth muscle cells can cause blood vessel
thickening and increased macrophage activity can
lead to formation of foam cells, which trigger the
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atherosclerotic process. Stimulation of endothelial
cells can provoke expression of inflammatory
receptors, as seen in Table 1.2'22 This protein also acts
on bacteria and other pathogenic agents, binding to
phosphocholine, thereby facilitating macrophagic
phagocytosis. The complement system is responsible
for the inflammatory process that breaks down
cells and pathogens, destroying cell membranes by
depositing proteins called opsonins.?

Several mediators regulate expression of CRP.
Interleukin six (IL-6) is an important activator of
CRP production.? It is an immunomodulatory and
proinflammatory cytokine and is primarily secreted
by monocytes, macrophages and T lymphocytes
that are activated at sites of inflammation. In
addition to its proinflammatory activity, IL-6 also
has procoagulatory effects that can aggravate the
thrombotic manifestations of CVDs.»

Healthy people who have higher than normal CRP
levels tend to have a higher incidence of CVDs.> The
association between elevated concentrations of acute
phase proteins, including CRP, fibrinogen and serum
amyloid type A, and the adhesion molecules ICAM-
1, E-Selectin and VCAM-1, is related to progression
of atherosclerosis and the CVDs.®!"

The arterial system can be assessed using imaging
methods including ultrasonography with color
Doppler, computed tomography angiography and
magnetic resonance angiography.”’ Since ultrasound
is a more accessible and less expensive method, it
has become the preferred method for screening and
monitoring of AD.*

Color Doppler ultrasonography is a noninvasive
examination that can aid in detection of the
morphological changes that occur when arteries

Table 1. Biological activity of C-Reactive Protein® (p. 544).

Biological activity of C-Reactive Protein

Liver
Production of CRP
« Stimulation by inflammatory cytokines (IL-6)

Endothelial Cells

« Reduced nitric oxide production

« Increased Endothelin 1 production

« Expression of adhesion molecules (ICAM-1 and VCAM-1)
« Release of plasminogen activator inhibitor (PAI-1)

Smooth Muscle Cells
« Proliferation and migration of smooth muscle cells
« Production of Free Radicals

Monocytes and Macrophages

« Increased cholesterol uptake

« Expression of cytokines IL-1, IL-6 and TNF-o.
« Expression of MCP-1

« Expression of tissue factor

« Release of PAI-1




are exposed to the factors that predispose
to atherosclerosis, in addition to identifying
abnormalities that are pathological per se, such as
atherosclerotic plaques, calcifications, thromboses
and aneurysms.?

Ultrasound is generated by a transducer made
from crystals (ceramic or piezoelectric) that creates
oscillatory mechanical waves with frequencies
varying from 2 to 17 mHz. There is a hardware
component that sends preprogrammed information to
the crystals under the control of specially developed
software. At the same time, ultrasound equipment
is also capable of capturing the echoes generated
when the ultrasound waves are reflected by tissues.
Software then analyzes the waves and converts them
into images.>*

Radiofrequency is an oscillatory electrical wave in
the range of 3 kHz to 300 gHz. Either technique can
be used to measure the thickness of the tunica intima
and tunica media of the common carotid artery, to
monitor intima-media thickening. Notwithstanding,
radiofrequency offers slightly better precision
because ultrasound interacts with tissues and can
suffer alterations that depend on the properties
of each organ analyzed, such as their density and
reflection coefficient. Although there are minor
differences between the techniques, both can be
used to accurately evaluate intima-media thickness
(IMT) (Figure 1).31-33

In a normal artery there are two layers with distinct
acoustic impedances: the transition between blood
and the tunica intima, and the transition between the
tunica media and the adventitia. The distance between
these two acoustic interfaces forms the intima-media
complex (IMC). Intima-media thickening, which is
usually of a diffuse nature, is one manifestation of AD

Figure 1. Image used to calculate myointimal thickness of
the common carotid artery employing color ultrasonography
equipment supplemented with radio frequency spectrum.
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and another is formation of atherosclerotic plaques,
which are defined as focal structures that invade the
arterial lumen by at least 0.5 mm or by 50% of the
size of the adjacent IMC. Signs that can be detected
using radiofrequency can be employed to measure the
IMC of the common carotid artery, which is able to
detect early variations in IMT that may be related to
CVDs, and can also be used to monitor the success
of treatment and reduction of risk factors for CVDs.?
The American Heart Association recommends
measuring IMT to assess cardiovascular risk** and
the technique was standardized at the Mannheim
consensus in Germany in 2004 and later revised in
Brussels, in Belgium, in 2006.% As recommended by
the American Society for Echocardiography Report,
IMT is measured in the common carotid artery.*’

Periodontal disease

The teeth are rigid structures used to grind food,
facilitating digestion in the stomach. They are made
up of connective tissues and a mineral matrix and
are inserted in the alveoli bones of the dental arches.
Teeth are also formed of cementum, which is a
rigid material, composed of 50% organic material,
primarily collagen type I, and 50% apatite. Cementum
covers the roots of teeth, and the fibers that form the
periodontal ligament and provide support to the teeth
inserted into the cementum. In addition to cementum,
teeth also have a covering on their external portion
with a porcelain-like appearance that is called enamel
and is composed of 70% mineral matrix and 30%
organic matrix and water.**

The base of each tooth has a covering that
is constituted by differentiation of oral mucosa
into three functional compartments: the gingival
epithelium, the sulcular epithelium and the junctional
epithelium. The junctional epithelium is the most
important because it protects deep dental tissues and
if it suffers inflammation, the structures that support
the teeth may become exposed, which can lead to
inflammatory and infectious processes and even
result in loss of the tooth.*

Periodontal disease (PD) is a complex chronic
inflammatory disease involving bacterial activity
and resulting in destruction of the tissues that support
the teeth.* The most common clinical signs of
periodontitis are gingival bleeding and edema. More
advanced cases manifest with gingival recession,
increased crevicular fluid, produced around the
tooth, increased mobility of teeth, suppuration and,
sometimes, even loss of the tooth.>*

Poor oral hygiene remains the primary cause of
PD and it is the greatest cause of tooth loss among
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people over the age of 40.% According to the WHO,
the severe form affects around 10 to 20% of all people
worldwide.® Prevalence of the mild and moderate
forms varies from 20 to 50% of the population
and can be as high as 85% in elderly populations.’
Moderate and severe forms affect around 100 million
people, which corresponds to 15% of adults aged
21 to 50 and 30% of adults over 50 years of age.*"
The prevalence of gingivitis in the United States is
50% of adults and periodontitis affects 35% of the
North-American population.’

In Brazil, oral health is not uniform and in less
developed regions people who have lower levels of
education and come from less privileged social strata
are the most affected. Additionally, few regions in
Brazil maintain constant and reliable records of oral
health indicators.

PATHOPHYSIOLOGY OF PERIODONTAL
DISEASE

Several microorganisms have been described
as causing PD, particularly Porphyromonas
gingivalis. Bacteria produce endotoxins in the form
of lipopolysaccharides (LPS) capable of triggering
release of several different proinflammatory
cytokines that are involved in the immunopathology
of periodontitis and also in systemic responses to
oral inflammatory processes.” Examples include
interleukin 1 beta (IL 1), IL-6, tumor necrosis factor
alpha (TNF-a), CRP and neutrophils.*'#

Chronic inflammation associated with bacterial
plaque is predominantly caused by gram-negative
bacteria. After the inflammatory stimulus there is
increased production of prostaglandin E2 (PGE2)
and of matrix metalloproteinases (MMP), which
lead to extracellular destruction of the gingiva and
the periodontal ligament, stimulating resorption
of alveolar bone.® Concurrent growth of anaerobic
bacteria can promote formation of periodontal
pockets.®

The inflammatory process at the periodontium
leads to an increase in concentrations of CRP, and
of other mediators such as fibrinogen, causing a
systemic response.* Periodontal disease is also
capable of affecting the emergence and severity of
certain systemic diseases, including CVDs.*#

In addition to increased cytokine concentrations,
MMP levels also rise. All of the MMPs are important
in the immunoresponse, but MMP-8§ is the only
proteinase that is able to fragment types I and III
collagen, which are important for maintaining the
structure of teeth. Thus, the higher the concentration
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of MMP-8§, the worse the prognosis of PD. There
are also correlations between periodontitis severity
and concentrations of MMP-13, MMP-3, MMP-2
and MMP-1.*> The effect of bacterial proliferation
and release of MMPs is activation of multiple cells,
such as fibroblasts, keratinocytes, macrophages
and endothelial cells. Bone resorption takes place
as a result of fragmentation of the elements of the
extracellular matrix by osteoclasts.’

The inflammatory process is dependent on
a multiplicity of internal and external factors.
Controllable risk factors include smoking, stress,
poor oral hygiene and infrequent visits to the
Dentist. Non-controllable risk factors include
heredity, systemic diseases and age. The genetic
component does not cause the disease; however it
does make patients more susceptible to emergence
of periodontal pathologies or to more serious disease
course.* Certain pathogens, such as Porphyromonas
gingivalis, Tanerella forsythia and Fusobacterium
nucleatum, can also influence disease severity.?

Stress also contributes to increasing the incidence
of PD by creating conditions of resistance to
glucocorticoids and increased IL-1, IL-6 and TNF-a
production,” caused by a dysfunction of CD11b
monocytes in response to microbial products.
Stress leads to down regulation of genes that are
activated by glucocorticoids and act to suppress the
immunoresponse, while up-regulating genes that
cause exacerbation of the inflammatory process,
both of which are factors that explain the intimate
relationship between stress and PD.%” Stressed
patients tend to adopt habits that worsen the health of
their teeth, such as defective oral hygiene, smoking
more than average and negative changes to dietary
habits.*

The relationship between PD and AD can be
explained by the action of circulating inflammatory
cytokines that stimulate atherogenesis, or by the
direct action of pathogenic bacteria that penetrate
the circulatory system via the inflamed gingival
tissues. One hypothetical model with a biological
basis is the suggestion that individuals with cardiac
and periodontal diseases have an exacerbated
immunoresponse to bacterial infections.* This
response is caused by an abnormality of monocytic
cell secretory capacity, by which these cells release
high levels of proinflammatory mediators, such as
PGE-2, IL-1B and TNF-a. People who have the
hyperinflammatory monocyte phenotype secrete
from three to ten times more mediators in response to
bacterial lipopolysaccharides, when compared with
people who are phenotypically normal.®



According to Seymour and Steele,’ there is
evidence that patients with aggressive forms
of periodontitis have this hyperinflammatory
phenotype. Thus, the interaction between bacterial
lipopolysaccharides and the monocytes that release
a range of different cytokines is fundamental
to initiation and progression of PD and also to
its systemic effects, such as atherogenesis and
thrombogenesis. Elevated CRP concentrations
increase the risk of cardiovascular events by 1.9
times.

In addition to CRP, which has been discussed
above, there are other proteins that also react to
inflammation in the periodontium. Results for plasma
fibrinogen tests, white blood cell counts and von
Willebrand factor assays are all elevated in patients
with periodontal problems.? Additionally, people
who have PD and elevated concentrations of acute
phase proteins, such as CRP, fibrinogen, serum
amyloid type 1, an adhesion molecules ICAM-1,
E-Selectin and VCAM-1, are more likely to develop
atherosclerosis and cardiovascular diseases."

Fibrinogen is produced by hepatocytes in response
to the action of cytokines, especially IL-6. Plasma
fibrinogen concentrations are increased during
chronic inflammations and infections, creating a
hypercoagulable state. Thrombogenesis is related
to atherogenesis and to growth of atherosclerotic
plaques. Fibrinogen and fibrin, in turn, interact with
monocytes, increasing production of IL-1f3, which is
an important mediator related to PD.%

According to a study conducted by de
Oliveira et al.,** the worse a person’s oral hygiene, the
higher the concentrations of CRP and fibrinogen, and
the greater the risk of cardiovascular events. There
were differences between groups with good dental
hygiene (CRP: 3.07 mg/L) and individuals who
brushed their teeth less than once per day (CRP: 4.18
mg/L; P<0.05); and the same was true of fibrinogen,
which was at higher concentrations in the group with
poor oral hygiene (2.86 g/L x 2.98 g/L; P<0.05).

While treating PD results in a transitory increase in
proinflammatory cytokine levels, which is probably
related to manipulation of the inflamed tissues
and transitory bacteremia, inflammatory activity
normalizes in 24 to 48 hours and, over the long term,
if PD responds to treatment then concentrations of
these cytokines will reduce.”

The NHANES I study*® detected a 25% increase
in the relative risk of CAD among patients with
periodontitis. Relative risks for angina and for fatal
coronary events were 1.5 and 1.9, respectively.”’
Periodontal disease is associated with a 19% increase
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in the risk of cardiovascular disease and this risk
is even higher in the population aged less than 65
years, among whom relative risk is increased by as
much as 44%.5

Periodontal pathogens colonizing atherosclerotic
plaques can be observed throughout the circulatory
system. Invasion of the artery wall by Porphyromonas
gingivalis, for example, provokes endothelial
expression of adhesion molecules such as IL-6,
IL-1B and TNF-a. There is then recruitment of
monocytes, and increase in expression of endothelial
adhesion molecules and increased uptake of
lipids by macrophages.* The bacterial agents
most frequently identified in atherosclerotic
plaques are Porphyromonas gingivalis (32%);
Aggregatibacter actinomycetencomitans (4%);
Prevotella intermédia (20%), and Treponema
denticola (32%). Administration of systemic
antibiotics to patients with periodontitis resulted
in reductions in the levels of systemic markers of
inflammation.* A review of the results from around
90 thousand patients with periodontitis found that
relative risk of CVD was 120% higher in the affected
group, when compared with controls.*® According to
Hung et al.,* periodontitis increases the relative risk
of PAD by 1.4 to 2.6 times. According to Balan,* PD
can be considered a weak independent risk factor for
CVD, with relative risk around 24 to 35% higher
than normal.

However, according to some authors the
relationship between periodontitis and CVDs is
still unproven.® Confounding factors prevent clear
conclusions from being drawn because both AD
and PD Share common risk factors. One example of
this is smoking, which increases the incidence both
of PD and of AD and could give a false impression
that atherosclerosis increases the incidence of
periodontitis or vice-versa.®

Implementation of a strategy to combat the
processes of disease in teeth and their repercussions
on other body systems will demand a change in habits
and customs, which may imply increased investment
in preservation of natural teeth. Health professionals
will therefore have to illustrate to the population
the importance of preserving natural teeth even if
this demands greater care and expenditure on each
individual person’s health. In order to achieve this,
health services must implement strategies designed
to facilitate access to dental care, in particular for less
privileged populations, among which the prevalence
of periodontal diseases is higher. It is sometimes
difficult to deal with this paradigm and it is even
possible to find authors publishing in the medical
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literature who argue against preservation of natural
teeth on the basis that someone who has no teeth
also has no PD and is therefore at lower risk of the
systemic repercussions of periodontitis. Working
from the same principal, perhaps they will also begin

to

recommend removing kidneys to avoid kidney

stones or removing the heart to avoid myocardial
infarction.
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