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ABSTRACT

The association between chronic oral infections and
cardiovascular diseases (CVD) has been established
in several extensive epidemiological studies. Most
evidence is available on the association between
periodontitis and atherosclerosis, and periodontitis
has been recognised as an independent risk factor
for CVD. The association between periodontitis and
heart disease risk is independent of confounding fac-
tors such as patient's smoking, age, sex, socioeco-
nomic status or obesity. From the infected gingival
pockets of patients with periodontitis, oral bacteria
and parts thereof may make their way into the blood-
stream. In the arterial wall, periodontal pathogens
have several proatherosclerotic effects. Periodontitis
also causes low-level systemic inflammation which
contributes to the development of atherosclerosis.
In addition, periodontitis has an unfavourable effect
on blood lipid levels and alters hormonal regulation.
There are also some genetic factors that may pre-
dispose to both periodontitis and CVD. Intervention
studies have shown that with appropriate periodon-
tal treatment, it is possible to impact CVD risk factors.
Periodontal treatment has been shown to improve
plasma levels of inflammatory (e.g. C-reactive pro-
tein and interleukins), thrombotic (fibrinogen) and
metabolic (triglycerides, total cholesterol, HDL cho-
lesterol, HbAlc, i.e. long-term blood glucose) mark-
ers and to improve blood vessel endothelial function.
Periodontal treatment is thus beneficial for general
health as well.
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hronic oral infections comprise caries, perio-
dontitis, apical periodontitis, pericoronitis and
mucous membrane infections. Most research
evidence is available on the association between
periodontitis and cardiovascular disease (CVD).
The role of apical periodontitis as a potential
risk factor for heart disease has also been inves-
tigated in recent years. A separate article will be
published on this subject.

In both periodontitis and atherosclerotic heart diseases,
chronic inflammation and degradation of the extracellular ma-
trix play a key role in disease development and progress. In ath-
erosclerosis, lipids accumulate in the vessel wall, forming an
atherosclerotic plaque. The chronic inflammation in the plaque
contributes to plaque growth and rupture. Local inflammation
may also damage the vessel endothelium, causing the forma-
tion of blood clots. As it grows in size, the atherosclerotic plaque
strives to remodel itself aggressively in order to avoid significant
narrowing of the vessel diameter and to ensure blood flow. How-
ever, the remodelling weakens the plaque and makes it prone to
rupture. A local blood clot forms at the rupture site, which may
cause the entire artery to be blocked. Atherosclerotic plaque rup-
ture leads to a CVD event, such as myocardial infarction.




The association between oral infections and CVD has been
established in several extensive longitudinal and cross-sectional
studies. In the late 1980s, the first studies on this subject were
published by Finnish groups (1,2). The study by Mattila et al.
observed that oral health was clearly worse in patients with myo-
cardial infarction than in control population even when subjects'
age, social class, smoking, blood lipids and diabetes were taken
into consideration in the analyses (1). The study by Syrjénen et
al. showed that periodontitis, periapical lesions and pericoronitis
were more common in young and middle-aged stroke patients
than in healthy controls (2).

Periodontitis has been recognised as an independent risk fac-
tor for CVD (3). However, in medicine, causality can only be
established if strictly defined criteria are met (4). The notion of
causality between periodontitis and cardiac diseases is supported
by consistent research findings, convincing theoretical explana-
tions and ample experimental evidence. However, establishing
true causality between the two would require stronger scientific
evidence, such as proof of the temporal sequence of events, i.e.
the presence of periodontitis prior to heart disease.

The comprehensive oral infection burden has been illustrated
with the help of various indices, some of which also take into ac-
count conditions such as caries, pericoronitis and retained den-
tal roots in addition to marginal and apical periodontitis. Cross-
sectional studies have shown these infection burden indices to
be associated with coronary artery disease (5,6). In a 27-year
follow-up study, the oral infection burden in childhood (caries
and gingivitis) associated with the thickness of the carotid artery
wall and the number of CVD risk factors in adulthood (7). There
is also some indication of an association between diseases of the
oral mucosa and CVD (8). For example, oral yeast infections may
have potential systemic effects, as the treatment of prosthetic
stomatitis has been shown to improve arterial function (9). As
a whole, all oral infections may thus increase the risk of CVD
through similar mechanisms as periodontitis.

RISK FACTORS OF CHRONIC ORAL INFECTIONS AND CVD
Chronic oral infections and CVD share many common risk fac-
tors that modify predisposition to disease. Commonly recognised
individual risk factors include age, male sex, smoking, heavy al-
cohol consumption, low socioeconomic status, diabetes, obesity,
metabolic syndrome, nutrition-related factors and stress (10,11).
In addition, similarities have been identified in the genetic pro-
files of periodontitis and CVD, and it is likely that in the future,
common risk factors that are as yet unknown will be revealed.
Tobacco is a significant risk factor for both periodontitis and CVD.
It has multiple effects, including those on the circulation, micro-
biome, neutrophil function and cytokine production as well as
on tissue regeneration potential (12).

Epidemiological studies have shown that periodontitis is a
risk factor for many systemic diseases, such as diabetes, CVD and
rheumatoid arthritis (13). The associations observed between
periodontal diseases and CVD may be partly explained by the
proinflammatory effect of obesity (13). Diabetes-related changes
in, for example, neutrophil and macrophage function, cytokine
secretion and wound healing also predispose to both periodon-
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titis and CVD (14). These diseases may also partly be linked by
certain genetic risk factors. For example, a certain variant of the
VAMPS gene is associated with both periodontitis and coronary
artery disease (15). The gene in question affects cytokine secre-
tion, glucose metabolism, blood coagulation and wound healing,
among others. These are processes that are important for the
disease mechanisms in periodontitis as well as CVD.

THE MECHANISMS THROUGH WHICH PERIODONTITIS IS
LINKED TO CVD

The association of periodontitis with CVD has been explained by
a number of mechanisms, which can roughly be classified into
direct and indirect effects between the disease processes. The
direct mechanisms include the effects of periodontal bacteria
and their virulence factors on vessel walls while the indirect ef-
fects comprise the systemic inflammation and metabolic changes
caused by periodontitis.

As periodontitis progresses, the proportion of pathogens in
the oral microbiome increases. A diverse dysbiotic bacterial col-
ony overactivates the local inflammatory response and attracts
proteolytic enzymes to the site, which leads to periodontal tissue
damage. In periodontitis, the production of proinflammatory cy-
tokines, such as tumour necrosis factor (TNF) a, interleukin (IL)
1B and IL-6, is increased. As a systemic effect of these cytokines,
the production of acute-phase proinflammatory mediators in the
liver, such as C-reactive protein (CRP), increases further. (16)

Chronic infections like periodontitis increase low-level sys-
temic inflammation. This is known to promote the development
of atherosclerosis, i.e. the formation of atherosclerotic plaques in
the arterial walls, which increases the risk of blood clot forma-
tion, coronary artery disease and myocardial infarction (17,18).
Changes in hormone levels may also have an impact on metabolic
changes. For example, leptin levels have been observed to be el-
evated in both patients with periodontitis and those with coro-
nary artery disease; this may interfere with immune response,
lipid metabolism and bone regeneration (19).

Oral bacteria get into the bloodstream during daily activities,
such as eating and brushing teeth. Some periodontal pathogens,
such as Porphyromonas gingivalis, get around the immune system
by invading endothelial cells, macrophages and dendritic cells.
The bacteria reach the arterial walls as such from the blood-
stream or hidden in leukocytes (16). Once attached to the arte-
rial wall, the bacteria have several proatherosclerotic effects:
they increase monocyte activation, adhesion molecule produc-
tion by endothelial cells, LDL lipoprotein oxidation, foam-cell
formation in vessel walls, smooth muscle cell proliferation, and
endothelial cell apoptosis (20). Live periodontal pathogens have
been detected in atherosclerotic plaques, and their involvement
in the disease process is supported by several in vitro and animal
studies (20). The effect of periodontal pathogens in the vessel
wall is illustrated in Fig. 1.

Pathogen virulence factors, such as proteases, adhesins and
lectins also end up in the circulation. For example, gingipain, a
protease secreted by P. gingivalis, is known to modulate the im-
mune response and to increase platelet aggregation (16,20). The
proinflammatory surface structure lipopolysaccharide (LPS, »
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endotoxin) of Gram-negative bacteria is a known risk factor for
atherosclerosis that activates immunological response by binding
to toll-like 4 receptor, for example. Oral infections may increase
the level of endotoxemia, i.e. LPS in the blood, which increases
the risk of heart disease (21). Periodontitis has also been observed
to increase proatherosclerotic oxidative stress in the body, which
leads to disturbed cell metabolism, autophagy and apoptosis (22).

Some of the pathogen structures, such as heat shock pro-
teins (HSP) and the P. gingivalis protease gingipain, resemble the
body's own proteins. As a result, the antibody-mediated immune
reaction targeting oral infections may cause the body to produce
autoantibodies which increase the atherosclerotic inflammatory
response and promote endothelial function impairment (23).
Increased levels of antibodies against cardiolipin, phosphoryl-
choline and oxidised LDL have also been detected in patients
with periodontitis (16,23). This impairs the coagulation system,
increases systemic inflammation, and speeds up the formation
of foam cells in arterial wall plaques (16,23).

Patients with periodontitis often have elevated blood LDL and
triglyceride levels and reduced HDL lipoprotein levels (24). Ex-
cess LDL cholesterol accumulates in the vessel wall, speeding up
atherosclerosis (Fig. 1). In patients with periodontitis, the ability
of HDL particles to remove cholesterol from the vessel wall is also

Periodontal pathogens effects in vessel walls

impaired (24). Dyslipidaemia, i.e. impaired fat metabolism, is a
known risk factor for atherosclerosis and one of the suggested
mechanisms linking oral infections and heart disease (25). Oral
infections have also been observed to activate the blood coagula-
tion system, e.g. by increasing the production of fibrinogen and
the aggregation tendency of platelets (20,23).

In addition, experimental studies have shown that when swal-
lowed with saliva, P. gingivalis has the ability to alter the gut mi-
crobiome and to modify the serum metabolite profile, increasing
the risk of CVD, for example (26).

The mechanisms that explain the association between oral in-
fections and atherosclerotic heart diseases are investigated glob-
ally and new connections between the two are constantly being
discovered. Due to the inflammatory nature of both diseases it
is possible that many of the metabolic disorders described above
work in both ways. Based on current knowledge, inflammation
is thought to be the most important connecting mechanism be-
tween oral infections and CVD.

THE EFFECT OF ORAL INFECTIONS AND PERIODONTAL
TREATMENT ON INFLAMMATORY MARKERS

Besides dyslipidaemia, the low-grade inflammation commonly
seen in patients with periodontitis is also associated with elevat-
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Fig. 1. Schematic overview of the potential effect of periodontal bacteria on the development of an atherosclerotic plaque. Periodontal pathogens and their surface structu-
res and virulence factors may enter the systemic circulation via inflamed periodontal pockets. In vessel walls, they contribute to atherogenesis via several mechanisms.

Fig. 1. Diagram av de eventuella effekterna av parodontitpatogener pa utveckling av den aterosklerotiska placken. Hos parodontitpatienter forflyttar sig bakterier samt
deras overflatstrukturer och virulensfaktorer till blodcirkulationen via inflammerade tandkottsfickor. | blodkérlsvaggen besitter de flera egenskaper, som framjar den
aterosklerotiska processen.
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ed leukocytes and serum glucose levels (27). Systemic levels of
CRP, IL-6, TNF-a and fibrinogen are elevated in patients with
periodontitis (27). The increase in high sensitivity CRP (hsCRP)
seen in periodontitis patients is moderate and equivalent to the
hsCRP level that predisposes to CVD: according to one study, the
average hsCRP among patients with periodontitis was 2.6 mg/1,
compared to 1.78 mg/1 in healthy controls (28). Studies show
that the relative risk of coronary artery disease, myocardial in-
farction and stroke is low when hsCRP is below 1.0 mg/1, moder-
ate when hsCRP is 1.0-3.0 mg/1, and high when hsCRP exceeds
3.0 mg/1(29). The blood levels of inflammatory and metabolic
markers have been observed to correlate with the number of
periodontal pockets (27).

It is possible to impact CVD risk factors with appropriately de-
livered periodontal treatment. Anti-infective periodontal treat-
ment includes the professional removal of biofilm and retentive
factors, such as calculus and restoration overhangs. The effects
of periodontal treatment are illustrated in Fig. 2. It has been
shown to improve the plasma levels of inflammatory (hsCRP,
IL-6, TNF-a), thrombotic (fibrinogen) and metabolic (triglycer-
ides, total cholesterol, HDL cholesterol, HbAlc, i.e. long-term
blood glucose) markers and to improve blood vessel endothelial
function over a 6-month follow-up (30,31). It should be borne

Periodontal treatment

|
clinical relevance

To date, there is strong evidence of the association between
periodontitis and general health, and periodontitis is recognised
as an independent risk factor for cardiovascular diseases. The
effect of other oral infections on heart health requires further
research. Inflammation is an important link between oral infec-
tions and CVD. Evidence shows that periodontal treatment has
beneficial effects on general health. Identification of individual
risk factors as well as prevention, early diagnosis and treatment
of periodontitis promote heart health as well. Keeping the oral
cavity, teeth and the tissues that support the teeth free of infec-
tion is thus of great importance.

in mind that endothelial function becomes impaired already in
the early stages of atherosclerosis (30). Periodontal treatment
has also been observed to promote the vasodilatory capacity of
arteries (32). It appears that particularly patients suffering from
CVD and/or diabetes at the onset benefit from the treatment
(31). In addition, a longitudinal study was able to show that »
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Fig. 2. The beneficial effects of periodontal treatment on the markers of cardiovascular diseases and diabetes.
Fig. 2. De positiva effekterna av parodontologisk behandling pa hjart- och kérlsjukdomar samt diabetesmarkorer.
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periodontal healing slowed down thickening of the carotid artery
wall (33). Patients with poor response to periodontal treatment
had an increased risk of myocardial infarction, stroke or severe
heart failure over a mean follow-up of 17 years (34). However,
the findings of a Cochrane review show that the evidence of the
preventive effect of periodontal treatment in the primary and
secondary prevention of cardiac events is still weak, which is
why further research is warranted (35).

Elevated blood glucose, metabolic syndrome and diabetes are
significant risk factors for CVD. Meta-analyses show that con-
servative periodontal treatment lowers the level of glycosylated
haemoglobin (HbA1lc, so-called long-term blood glucose) both
statistically and clinically significantly (by on average 0.36 per-
centage points in patients with type II diabetes) (14,36). It is
important to bear in mind that even a slight decrease in HbAlc
may bring significant public health benefits, e.g. in terms of mi-
crovascular complications and mortality (37). The research evi-
dence on the effect of periodontal treatment on patients with
type 1 diabetes is so far inconclusive (14).

THE PAROGENE STUDY AS AN EXAMPLE OF THE
ASSOCIATION BETWEEN PERIODONTITIS AND CVD
Worldwide, there are few patient studies investigating in detail
both the degree of atherosclerosis and the clinical, microbiologi-
cal and radiological status of the mouth. The Finnish Parogene
included 506 subjects with coronary artery disease in whom the
degree of disease severity had been investigated with coronary
artery angiography performed due to heart symptoms (38). The
subjects underwent a clinical oral examination and panoramic
radiography, and periodontal pathogens from saliva and gingival
pocket samples were analysed. The results showed that radiologi-
cally confirmed alveolar bone loss, the number of missing teeth
and clinically detected inflammation of the periodontium, par-

ticularly deepened periodontal pockets, were associated with the
degree of severity of stable as well as unstable coronary artery
disease. In microbiological analyses, one of the risk pathogens
for the development of periodontitis, Aggregatibacter actinomy-
cetemcomitans, was particularly associated with coronary artery
disease. The number of bacteria in the saliva and systemic anti-
bodies to this pathogen (39), subgingival bacterial finding (40)
as well as specific serotypes of A. actinomycetemcomitans in the
saliva (18) were associated with elevated risk of coronary artery
disease and degree of disease severity. The role of the immuno-
logical response induced by the LPS of the bacteria and periodon-
tal pathogens in mediating the association between periodon-
titis and heart disease was also observed in the Parogene study
(21,41). Future follow-up studies will show whether long-term
exposure to marginal periodontitis or other oral infections has
an effect on the course or outcome of heart disease.

SUMMARY FOR CLINICAL PRACTICE

- Evidence shows that periodontal treatment has beneficial ef-
fects on general health.

- Prevention of periodontal disease, identification of at-risk in-
dividuals as well as diagnosis and treatment of periodonti-
tis, particularly in the early stages of disease, promote heart
health as well.

- Keeping the oral cavity free of infections is particularly impor-
tant in patients at high risk. To date, there is no recommenda-
tion concerning check-up frequency or more frequent main-
tenance in patients diagnosed with heart disease such as co-
ronary artery disease. It is likely that in the future, a need for
such a recommendation will arise.

- There is already robust evidence of the association between
periodontitis and general health. The effect of other oral in-
fections on heart health requires further study. ¢

ABSTRACT (SVENSK)

SAMBANDET MELLAN MUNINFEKTIONER OCH HJART-
OCH KARLSJUKDOMAR

Sambandet mellan kroniska infektioner i munnen och hjart-
och karlsjukdomar har visats i flera omfattande epidemio-
logiska undersodkningar. Flest bevis finns det av sambandet
mellan parodontit och ateroskleros dvs. aderférkalkning,
och parodontit har erkdants som en individuell riskfaktor
for hjart- och karlsjukdomar. Sambandet mellan parodontit
och risken for hjartsjukdom ar oberoende av stérfaktorer,
som till exempel patientens rokning, alder, kon, socioekono-
misk stallning och dvervikt. Munnens bakterier och delar av
dem kan forflytta sig via parodontitpatientens infekterade
tandkottsfickor till blodcirkulationen. | artarvaggen besitter
parodontitpatogener flera aterosklerosstimulerande egen-
skaper. Parodontit férorsakar aven en systemisk laggradig

inflammation, som for sin del framjar aterosklerosutveckling.
I tilldgg har parodontit en ogynnsam verkan pa nivaer av
fettamnen i blodet och den férandrar kroppens hormon-
reglering. Aven vissa genetiska faktorer kan predisponera
for saval parodontit som hjart- och kérlsjukdomar. Inter-
ventionsundersdkningar har pavisat, att det &r mojligt att
paverka riskfaktorerna av hjart- och kérlsjukdomar genom en
andamalsenligt genomford parodontologisk behandling. Det
har pavisats, att parodontologisk behandling héjer pa nivan
av plasmans inflammatoriska (exempelvis C-reaktivt protein
och interleukiner), trombotiska (fibrinogen) och metaboliska
(triglyserider, totalkolesterol, HDL-kolesterol, HbA1lc dvs.
langtidsblodsocker) markérer och forbattrar funktionen av
blodkérlens endotel. Saledes &r parodontologisk behandling
nyttig &ven med tanke pa den allmanna hélsan.
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