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Cardiovascular disease (CVD) describes diseases of the heart and blood vessels, consisting
mainly of coronary heart disease and stroke, which are among the main causes of premature
death in humans. It is currently believed that long-lasting infections and low-grade chronic
systemic inflammation play an important role in the pathogenesis of atherosclerosis and
CVD. Periodontal diseases are induced by bacteria and bacterial products of plaque biofilm
and characterised by inflammatory destruction of tooth-supporting connective tissues and
alveolar bone. A number of case-control, cross-sectional and longitudinal studies indicate an
association between periodontal disease and CVD after adjustment of common confounders,
and a potential effect of periodontal infections on an increased risk of atherosclerosis,
ischaemic heart disease and stroke, although a causal association of periodontal infection
with atherosclerotic CVD remains to be elucidated. The emerging evidence suggests that
periodontal disease, as one of the most common and unique infections in humans, may sig-
nificantly contribute to systemic inflammation. Observations include the relationship
between periodontitis and an elevated number of peripheral blood leukocytes, as well as
increased levels of C-reactive protein (CRP) and IL-6, which may partly explain the associ-
ation of periodontal disease with CVD, as documented in a number of studies. Although some
initial studies have shown promising effects of periodontal treatment on the reduction of
serum levels of CRP and IL-6, and improvement of the endothelial function in periodontitis
patients, the potential mechanisms and exact effects of controlling periodontal infections on
the reduction of systemic inflammation remain to be determined. Future studies are highly
warranted to clarify these points and elaborate the relevant clinical implications.
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Periodontal infections are among the most common
infections in humans and are characterised by bacte-
ria-induced inflammatory destruction of tooth-support-
ing structures!. Gingivitis is the contained form of peri-
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odontal disease that manifests as redness and swelling of
the gums, which bleed easily on stimulation, such as oc-
curs during toothbrushing, while periodontitis presents
with destruction of tooth-supporting tissues and alveo-
lar bone2. In general, periodontal diseases are highly
prevalent and can affect up to 90% of the worldwide pop-
ulation, and periodontitis remains the most common
cause of tooth loss in adults3+4.

Periodontal infections have been regarded as a source
of focal infection for over 100 years>. In the last two
decades, a growing body of scientific evidence has
demonstrated an association of periodontal infections
with cardiovascular disease (CVD). Currently, the perti-
nent question is about the nature and relevance of this as-
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sociation, i.e. either periodontal infections and the result-
ant inflammation contribute causally to CVD or these
two clinical conditions just exist coincidently®. This lit-
erature review 1) describes the nature and uniqueness of
periodontal infections; ii) elaborates the potential bio-
logical mechanisms by which periodontal infections may
affect the atherogenesis and contribute to CVD; and iii)
updates current knowledge on selected systemic bio-
markers of inflammation in relation to CVD, the contri-
bution of periodontal infections to systemic inflamma-
tion, and the potential effect of periodontal treatment on
systemic inflammatory biomarkers such as C-reactive
protein (CRP) and IL-6.

Inflammation as a Key Pathogenetic Mechanism in
Atherogenesis and CYVD

CVD describes diseases of the heart and blood vessels,
including mainly coronary heart disease (CHD) and
stroke, which are among the main causes of premature
death in the world. Previous studies demonstrate that the
classical risk factors for the onset and progression of
CVDY, such as hypertension, hypercholesterolaemia and
smoking, cannot account for all the variations in the in-
cidence and severity of CVD. Conceivably, other un-
recognised risk factors, such as some common chronic
infections and inflammations, may play crucial roles8-9.
Although infections have been suspected to be risk fac-
tors of CVD for 100 years, the hypothesis remained
largely ignored until a herpes virus was shown to cause
atherosclerosis in experimental animals!0-12, In recent
years, it has been appreciated that long-lasting infections
and low-grade chronic systemic inflammation play an
important role in the pathogenesis of atherosclerosis and
CVD8.13-18_ From a pathological viewpoint, the initia-
tion, growth, and complication of the atherosclerotic
plaque are considered to be an inflammatory response to
injury. Virtually every step in atherogenesis is believed
to involve cytokines, other bioactive molecules, and cells
that are characteristic of inflammation, and these lead to
the development of acute coronary and cerebrovascular
syndromes!®. Interestingly, infection and hypercholes-
terolaemia may have a synergistic effect!2.

This novel pathophysiological insight encourages the
development of various diagnostic measurements and
biomarkers for assessment and monitoring of the levels
of systemic inflammation, including proinflammatory
risk factors (e.g. oxidized low-density lipoproteins),
proinflammatory cytokines (e.g. IL-1, TNF-a), adhe-
sion molecules (e.g. intercellular adhesion molecule-1,
selectins), inflammatory stimuli with hepatic effects
(e.g. IL-6) or the products of the hepatic stimulation

(e.g. serum amyloid A, CRP), and other acute-phase re-
actants (e.g. erythrocyte sedimentation rate), von Wille-
brand factor concentration as well as indicators of cellu-
lar responses to inflammation (e.g. elevated white blood
cell count)!9:20. The sources of the inflammation cas-
cade have recently been reviewed, and include atheroge-
nesis in coronary artery and other arteries, systemic in-
flammation (e.g. connective tissue diseases), and, no-
tably, chronic, low-grade local infections/inflammations
(e.g. gingivitis/periodontitis, prostatitis, bronchitis, uri-
nary tract infections, and gastric inflammation)!°.

Nature of Periodontal Infections

Periodontal diseases are initiated and perpetuated by a
group of predominantly gram-negative and anaerobic
bacteria from dental plaque “biofilm”2!. Periodontal
diseases are among the most unusual human infections,
due to the unusual anatomic feature of dento-gingival
structure. In contrast to the outer surface of most parts
of the body, the outer layers of the tooth provide a rela-
tively stable surface for microbial colonisation, allowing
microorganisms to remain in immediate proximity to the
periodontal tissues. Furthermore, the non-shedding
tooth surface and the attached microorganisms are im-
mersed in an aqueous environment, where the bacterial
infection can be less controlled by the potent mecha-
nisms of host defence and antimicrobial therapy22. It is
therefore conceivable that the plaque biofilm is extra-
ordinarily persistent and difficult to eliminate without
professional care. The altered subgingival environment
allows for the establishment of a complex subgingival
plaque with many potentially pathogenic microorgan-
isms. The bacteria and their toxins irritate the periodon-
tal connective tissues and stimulate a chronic immuno-
inflammatory response. The severity of the resultant pe-
riodontal destruction is dependent upon dynamic inter-
actions between the microbial challenge and the host im-
muno-inflammatory response, which are influenced by
a series of risk factors, including systemic factors (e.g.
diabetes, immunodeficiency diseases, stress and osteo-
porosis), genetic variations, behavioural and environ-
mental factors (e.g. tobacco smoking)23-28.

In advanced periodontitis, the thin, highly permeable
and frequently ulcerated deep pocket epithelium is the
only barrier between the bacterial biofilm and the under-
lying connective tissue. The strands of the pocket epithe-
lium are easily broached, allowing large doses of bacte-
rial toxins and other products access to the tooth-sup-
porting connective tissues and blood vessels. It has been
estimated that in a relatively complete dentition with ad-
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vanced periodontitis, the total area of infected and in-
flamed pocket epithelium is about 72 cm? — the size of
the palm of the human hand2”. It is apparent that an un-
controlled severe periodontitis presents a substantial in-
fectious and inflammatory burden for systemic health,
and the periodontal pocket and the adjacent inflamed pe-
riodontal tissues may serve as a renewing reservoir for
spillover of bacterial antigens, bacterial products and in-
flammatory mediators25-30 into the circulation, which
may subsequently affect the vascular endothelium and
other cells and tissues distant from the periodontal tis-
sues29,

Periodontal Infections and CVD

Periodontal disease, being a common infection, has un-
dergone substantial research to evaluate its relation with
atherogenesis and CVD. In the last 15 years, a series of
case-control, cross-sectional studies, and longitudinal
studies on the association between periodontal disease
and systemic inflammation as well as CVD have been
documented by various groups of researchers around
the world®-3!. These case-control and cohort studies
show significant positive associations between peri-
odontal disease and CVD, with odds ratios (OR) rang-
ing from 1.3 to 14.1, and mostly under 2.0. Similarly, the
cross-sectional studies suggest significant positive asso-
ciations, after adjusting confounding factors such as age,
sex, diabetes, cholesterol levels, blood pressure, obesity,
smoking status, dietary patterns, ethnicity, educational
background and socioeconomic status®3!. Most of the
well-documented longitudinal studies, currently the best
form of evidence available, indicate an association be-
tween periodontal diseases and CVD, and potential ef-
fects of periodontal infections on an increased risk of
atherosclerosis, ischaemic heart disecase and stroke.
However, a causal association of periodontal infection
with atherosclerotic CVD remains to be elucidated, par-
ticularly concerning the complexity of interactions
among common risk factors, exposures used for assess-
ment of periodontal disease and infections, and outcome
measures of CVD3!. A meta-analysis study showed that
periodontal disease contributed to a 19% increase in risk
for future CVD in all age groups and a 44% increase of
risk in subjects aged 65 years or less32. Furthermore,
studies on periodontal disease and stroke show relative-
ly stronger relationships than those on periodontal dis-
ease and CHD, and most of them demonstrate that peri-
odontal infection is significantly associated with is-
chaemic and haemorrhagic stroke3!. Our recent 16-year
follow-up study suggests that experience of periodonti-
tis with missing molars in young adults might be associ-
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ated with certain life-threatening diseases (e.g. circula-
tory disease) that contribute to premature death33. Tak-
en together, most of the studies suggest an association of
CHDs and stroke with periodontal disease;, measured
both clinically and radiographically. However, several
null reports give good reasons for caution regarding the
potential limitations of these studies, such as the non-
specificity of clinically and radiographically defined ex-
posures of periodontal infections used by these tradition-
al studies®. Further studies are warranted to target direct
assessment of periodontal infection exposure and the re-
sultant systemic inflammation in relation to appropriate
measurement of subclinical status of CVD and related
biomarkers.

In recent years, novel research has refined the study
protocols to focus more directly on the interactions of in-
fectious and inflammatory periodontal disease process-
es with appropriate outcome measures of atherogenesis
and subclinical CVD. Peripheral vascular disease and
CVD may share atherosclerosis as a common pathway.
A previous study reported that periodontal disease might
be a significant independent risk factor for development
of peripheral vascular disease34. A study with over 6,000
adults found that severe periodontitis was related to in-
creased intima—media wall thickness, with an OR of
1.31 after adjustment for various confounders3>. A
recent study suggested that periodontitis might be asso-
ciated with the development of early atherosclerotic
carotid lesions30. A series of recent studies showed that
increased systemic antibodies to periodontopathogens
were significantly associated with atherosclerosis, CHD
and risk of CVD progression37-41. Carotid intima-media
wall thickness, a measure of subclinical atherosclerosis,
increased with levels of the periodontopathogens#2. The
results suggest a possible role of periodontal infection in
the pathogenesis of atheroma formation35:43. Recently,
Spahr and coworkers** showed the association of in-
creased periodontopathogen burden with the clinical
condition of CHD.

Biological Mechanisms linking Periodontal
Infections and CVD

Three pathways have been described to link the
oral/periodontal infections with systemic inflammati-
on?3: 1) metastatic infection caused by translocation of
bacteria; ii) metastatic injury related to microbial
toxins; and iii) metastatic inflammation due to immune
injury. However, the exact biological mechanisms by
which periodontal infection may affect atherogenesis
and contribute to CVD are not fully understood2°. It is
speculated that the inflamed and ulcerated pocket epi-
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thelium may form an easy port of systemic access to
circulation system for Gram-negative and anaerobic
bacteria. Bacterial components, such as major outer
membrane proteins and endotoxins (e.g. lipopolysac-
charides, LPS), may be disseminated in blood circulati-
on40_ It is known that poor oral hygiene and periodon-
tal or periapical infections may produce bacteraemias
even in the absence of dental procedures?7.

Bacteraemias may be intensified in patients with
periodontitis#8. It has been shown that the incidence
and magnitude of bacteraemias of oral origin are direct-
ly proportional to the degree of oral inflammation and
infection?-30. The levels of induced bacteraemia follo-
wing chewing action and periodontal instrumentation
increased more significantly in periodontitis patients
compared with normal controls or gingivitis sub-
jects#0:51 In response to the bacteraemia and bacterial
antigens that are systemically dispersed, blood and tis-
sue cells at locations where the antigens are relocated
may produce cytokines and pro-inflammatory media-
tors, thereby contributing to the systemic inflammation
and CVD.

Periodontal pathogens have also been identified in
atheromatous plaques>2->3, and actively invade human
endothelial cells># as well as vascular endothelium52.55.
Direct invasion of vessel walls by oral pathogens could
trigger an inflammatory response that may translate in-
to endothelial dysfunction’9. In vitro and animal studies
showed that periodontopathogens could enhance platelet
aggregation and induce the formation of foam cells37-58.
Recent studies showed that P, gingivalis, a key periodon-
topathogen, may play a crucial role in the initiation and
exacerbation of atherosclerosis>0-59-61,

Furthermore, the locally produced pro-inflammatory
mediators in inflamed periodontal tissues, such as IL-1,
TNF-a, IL-6, and PGE,, may be “dumped” into the cir-
culation and exert systemic or distant effects®2-64, con-
tributing significantly to chronic, systemic vascular
challenge, and directly results in platelet aggregation,
adhesion and vasculitis, and the subsequent cholesterol
deposition, thromboembolic events and atheroma for-
mation2629. Another plausible mechanism is that the in-
flammation caused by periodontal disease induces in-
flammatory cell infiltration into major vessels, vascular
smooth muscle proliferation, vascular fatty degenera-
tion, and increased plaque build up, which contribute to
swelling and thickening of the arteries®>. These events
may lead to atherosclerosis and atheroma formation, and
result in obstruction of normal blood flow, restricting the
amount of nutrients and oxygen required for the heart to
function properly, and eventually increase the risk of
heart attacks2:90. In addition, CVD and periodontal dis-
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eases have a number of common characteristics and may
share a similar causative pathway through a hyper-in-
flammatory phenotype, e.g. increased release of inflam-
matory cytokines and relevant mediatorsZ6.

Association of Periodontal Infection with Systemic
Inflammation

Since atherogenesis may in part be an inflammatory dis-
ease, and circulating inflammatory biomarkers like CRP
may be predictors of CVD15:67_the changes of these in-
flammatory biomarkers in peripheral blood in periodon-
titis may explain the underlying mechanisms that sup-
port the epidemiological observations on the association
of periodontitis with atherogenesis, thromboembolic
events and CVD%4. In recent years, one of the research
interests in periodontal medicine has focused on peri-
odontal infections as a potential contributor to systemic
inflammation, which is usually measured with count of
cellular components and serum levels of selected in-
flammatory biomarkers, such as CRP, fibrinogen, and
pro-inflammatory cytokines®4-08. Of the circulating in-
flammatory biomarkers, CRP has been the focus of re-
search in recent years. CRP has proved to be the
strongest and most significant predictor of the risk of fu-
ture cardiovascular events among several plasma vari-
ables6%:70, A recent statement from the Centers for Dis-
ease Control and Prevention and the American Heart As-
sociation concluded that CRP as a sensitive circulating
marker of inflammation may serve as an adjunct to the
measurement of established risk factors of CHD, and
that three risk categories of subjects could be classified
according to serum levels of CRP: low risk, < 1 mg/l;
medium risk, 1-3 mg/l; and high risk, > 3 mg/I19.

It has been shown that periodontitis is related to ele-
vated numbers of peripheral blood leukocytes®%71, low-
er numbers of erythrocytes and lower levels of haemo-
globin, so called ‘anaemia of chronic disease’72. These
serum inflammatory biomarkers, especially CRP, have
been studied intensively as possible markers of systemic
inflammation involved in periodontal infections®4-68,
The studies showed that plasma or serum levels of
CRP03.73-79 and IL-693.77.80 were consistently higher in
periodontitis patients than in healthy controls. Both
CRP63.77.78.81.82 and 1L-663.80 were related to the
severity and extent of periodontitis. The latter was
thought to activate hepatocytes to produce acute-phase
reactants like CRP83.

Although periodontal disease is associated with in-
creased serum inflammatory biomarkers like CRP and
IL-6, the effect of periodontal treatment on these mark-
ers remains to be determined. Recent studies showed that
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control of periodontal infection through non-surgical
treatment could reduce serum levels of CRP and IL-
673.82,84-87 Periodontal treatment could also improve
the endothelial dysfunction in patients with severe peri-
odontitis, accompanied by a significant decrease in CRP
concentrations88. There is increasing evidence from
clinical trials that the improvement of endothelial func-
tion may translate into lower rates of cardiovascular
events89. In addition, intensive periodontal therapy
could reduce the levels of total and LDL cholesterol®9,
A recent systematic review and meta-analysis on the ef-
fect of periodontal treatment on serum CRP levels show
that unusual CRP levels could be significantly modulat-
ed by a single episode of non-surgical periodontal ther-
apy in patients with severe periodontitis®8. Considering
the individual variation of CRP response to periodontal
therapy, a recent study investigated the effect of a CRP
polymorphism (+1444C>T) on the CRP levels in re-
sponse to periodontal therapy®?. The results showed that
the individuals homozygous for the +1444T-allele ex-
hibited higher CRP concentrations than C-allele carri-
ers, independent of conventional cardiovascular risk
factors and inflammatory factors known to affect CRP
levels. Therefore CRP genotype should be considered
when studies on CRP are performed. Further well-de-
signed, randomly controlled trials with an appropriate
treatment protocol are warranted to clarify whether ef-
fective control of periodontal infections could contribute
to positive modulation of systemic inflammation.

Summary

It is currently believed that chronic, low-grade and long-
lasting infections and inflammation play a major role in
the pathogenesis of atherogenesis and CVD. Of the cir-
culating inflammatory biomarkers, CRP has proved to
be one of the most significant predictors of the risk of
CVD among the plasma variables. The emerging evi-
dence shows that periodontal disease, as one of the most
common infections in humans, may significantly con-
tribute to systemic inflammation. Observations include
a relationship between periodontitis and elevated num-
bers of peripheral blood leukocytes as well as increased
levels of CRP and IL-6, which may partly explain the as-
sociation between periodontal disease and CVD, as doc-
umented in a number of case-control, cross-sectional
and longitudinal studies. However, a causal association
of periodontal infection with atherosclerotic CVD re-
mains unclear. Although some initial studies have shown
promising effects of periodontal treatment on the reduc-
tion of serum levels of CRP and IL-6, and improvement
of the endothelial function in periodontitis patients, the
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potential mechanisms and exact effects of controlling
periodontal infections on the reduction of systemic in-
flammation remain to be determined. Further studies are
highly warranted to clarify these pointsand elaborate the
relevant clinical implications.
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