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Association
between oral
infections and
cardiovascular
diseases

Aino Salminen, Elisa Kopra, Laura Lahdentausta, John Liljestrand
and Susanna Paju,

Abstract

The association between chronic oral infections and cardiovascular
diseases (CVD) has been established in several extensive epidemio-
logical studies. Most evidence is available on the association be-
tween 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 con-
founding factors such as patient’s smoking, age, sex, socioeconomic
status or obesity. From the infected periodontal pockets of perio-
dontitis patients, periodontal bacteria and their virulence factors
may access the systemic circulation. In the arterial wall, periodontal
pathogens have several proatherosclerotic effects. Periodontitis also
causes low systemic inflammation which contributes to the devel-
opment of atherosclerosis. In addition, periodontitis has an unfa-
vourable effect on blood lipid levels lipid metabolism. There are also
some genetic factors that may predispose to both periodontitis and
CVD. Intervention studies have shown that with appropriate perio-
dontal treatment, it is possible to impact CVD risk factors. Perio-
dontal treatment has been shown to improve systemic levels of in-
flammatory (e.g. C-reactive protein and interleukins), thrombotic
(fibrinogen) and metabolic (triglycerides, total cholesterol, HDL
cholesterol, HbAlc, i.e. long-term blood glucose) markers and to
improve blood vessel endothelial function. Periodontal treatment is
thus beneficial for general health in addition to oral health.
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Introduction

Chronic oral infections comprise caries, periodontitis, apical perio-
dontitis, pericoronitis and mucous membrane infections. Most re-
search evidence is available on the association between periodonti-
tis and CVD. The role of apical periodontitis as a potential risk
factor for heart disease has also been investigated 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 matrix play a key
role in disease development and progress. In atherosclerosis, 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 ves-
sel endothelium, causing the formation of blood clots. As it grows
in size, the atherosclerotic plaque strives to remodel itself aggres-
sively in order to avoid significant narrowing of the vessel diameter
and to ensure blood flow. However, 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 rupture leads to a CVD event, such as myo-
cardial infarction.

The association between oral infections and CVD has been es-
tablished in several extensive longitudinal and cross-sectional stud-
ies. 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 myocardial 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 Syrjdnen et al. showed that periodon-
titis, 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 factor
for CVD (3). However, in medicine, causality can only be estab-
lished if strictly defined criteria are met (4). The notion of causality
between periodontitis and cardiac diseases is supported by consist-
ent research findings, convincing theoretical explanations and am-
ple 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 perio-
dontitis 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 dental
roots in addition to marginal and apical periodontitis. Cross-sec-
tional studies have shown these infection burden indices to be asso-

ciated with coronary artery disease (5,6). In a 27-year follow-up
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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 infec-
tions may thus increase the risk of CVD through similar mecha-

nisms as periodontitis.

Risk factors of chronic oral infections and CVD

Chronic oral infections and CVD share many common risk factors
that modify predisposition to disease. Commonly recognised indi-
vidual risk factors include age, male sex, smoking, heavy alcohol
consumption, low socioeconomic status, diabetes, obesity, meta-
bolic syndrome, nutrition-related factors and stress (10,11). In ad-
dition, similarities have been identified in the genetic profiles 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 multi-
ple effects, including those on the circulation, microbiome, neutro-
phil function and cytokine production as well as on tissue regener-
ation potential (12).

Epidemiological studies have shown that periodontitis is a risk
factor for many systemic diseases, such as diabetes, CVD and rheu-
matoid arthritis (13). The associations observed between periodon-
tal diseases and CVD may be partly explained by the proinflamma-
tory effect of obesity (13). Diabetes-related changes in, for example,
neutrophil and macrophage function, cytokine secretion and
wound healing also predispose to both periodontitis and CVD (14).
These diseases may also partly be linked by certain genetic risk fac-
tors. For example, a certain variant of the VAMP8 gene is associated
with both periodontitis and coronary artery disease (15). The gene
in question affects cytokine secretion, 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 mech-
anisms include the effects of periodontal bacteria and their viru-
lence factors on vessel walls while the indirect effects comprise the
systemic inflammation and metabolic changes caused by periodon-

titis.
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Figure 1. Schematic overview of the potential effect of periodontal bacteria on the development of an atherosclerotic plaque. Periodontal pathogens
and their surface structures and virulence factors may enter the systemic circulation via inflamed periodontal pockets. In vessel walls, they contribute

to atherogenesis via several mechanisms.

As periodontitis progresses, the proportion of pathogens in the
oral microbiome increases. A diverse dysbiotic bacterial colony
overactivates the local inflammatory response and attracts proteo-
lytic enzymes to the site, which leads to periodontal tissue damage.
In periodontitis, the production of proinflammatory cytokines,
such as tumour necrosis factor (TNF) q, interleukin (IL) 18 and IL-
6, is increased. As a systemic effect of these cytokines, the produc-
tion of acute-phase proinflammatory mediators in the liver, such as
C-reactive protein (CRP), increases further. (16)

Chronic infections like periodontitis increase low-grade system-
ic inflammation. This is known to promote the development of ath-
erosclerosis, i.e. the formation of atherosclerotic plaques in the ar-
terial walls, which increases the risk of blood clot formation,
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 elevated in both
patients with periodontitis and those with coronary 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,
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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 bloodstream or
hidden in leukocytes (16). Once attached to the arterial wall, the
bacteria have several proatherosclerotic effects: they increase
monocyte activation, adhesion molecule production by endothelial
cells, LDL lipoprotein oxidation, foam-cell formation in vessel
walls, smooth muscle cell proliferation, and endothelial cell apopto-
sis (20). Live periodontal pathogens have been detected in athero-
sclerotic 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 Figure 1.
Pathogen virulence factors, such as proteases, adhesins and lec-
tins also end up in the circulation. For example, gingipain, a pro-
tease secreted by P. gingivalis, is known to modulate the immune
response and to increase platelet aggregation (16,20). The proin-
flammatory surface structure lipopolysaccharide (LPS, endotoxin)
of gram-negative bacteria is a known risk factor for atherosclerosis
that activates immunological response by binding to toll-like 4 re-
ceptor, for example. Oral infections may increase the level of endo-

toxemia, i.e. LPS in the blood, which increases the risk of heart dis-
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ease (21). Periodontitis has also been observed to increase
proatherosclerotic oxidative stress in the body, which leads to dis-
turbed cell metabolism, autophagy and apoptosis (22).

Some of the pathogen structures, such as heat shock proteins
(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 autoanti-
bodies which increase the atherosclerotic inflammatory response
and promote endothelial function impairment (23). Increased lev-
els of antibodies against cardiolipin, phosphorylcholine and oxi-
dised 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). Excess
LDL cholesterol accumulates in the vessel wall, speeding up athero-
sclerosis (Figure 1). In patients with periodontitis, the ability of
HDL particles to remove cholesterol from the vessel wall is also im-
paired (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 coagulation system, e.g. by
increasing the production of fibrinogen and the aggregation ten-
dency 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 micro-
biome and to modify the serum metabolite profile, increasing the
risk of CVD, for example (26).

The mechanisms that explain the association between oral infec-
tions and atherosclerotic heart diseases are investigated globally
and new connections between the two are constantly being discov-
ered. 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 between 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 elevated
leukocytes and serum glucose levels (27). Systemic levels of CRP,
IL-6, TNF-a and fibrinogen are elevated in patients with periodon-
titis (27). The increase in high sensitivity CRP (hsCRP) seen in per-

iodontitis patients is moderate and equivalent to the hsCRP level
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that predisposes to CVD: according to one study, the average
hsCRP among patients with periodontitis was 2.6 mg/l, compared
to 1.78 mg/l in healthy controls (28). Studies show that the relative
risk of coronary artery disease, myocardial infarction and stroke is
low when hsCRP is below 1.0 mg/], moderate when hsCRP is 1.0--
3.0 mg/l, 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 treatment
includes the professional removal of biofilm and retentive factors,
such calculus and restoration overhangs. The effects of periodontal
treatment are illustrated in Figure 2. It has been shown to improve
the plasma levels of inflammatory (hsCRP, IL-6, TNF-a), throm-
botic (fibrinogen) and metabolic (triglycerides, 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 in mind that endothelial func-
tion 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 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). Howev-
er, the findings of a Cochrane review show that the evidence of the
preventive effect of periodontal treatment in the primary and sec-
ondary prevention of cardiac events is still weak, which is why fur-
ther research is warranted (35).

Elevated blood glucose, metabolic syndrome and diabetes are sig-
nificant risk factors for CVD. Meta-analyses show that conservative
periodontal treatment lowers the level of glycosylated haemoglobin
(HbAlc, so-called long-term blood glucose) both statistically and
clinically significantly (by on average 0.36 percentage points in pa-
tients 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 microvascular complications and
mortality (37). The research evidence 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, microbiological and
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Figure 2. The beneficial effects of periodontal treatment on the markers of cardiovascular diseases and diabetes.

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 per-
formed due to heart symptoms (38). The subjects underwent a clini-
cal oral examination and panoramic radiography, and periodontal
pathogens from saliva and subgingival plaque samples were analysed.
The results showed that radiologically confirmed alveolar bone loss,
the number of missing teeth and clinically detected inflammation of
the perodontium, particularly deepened periodontal pockets, were
associated with the degree of severity of stable as well as unstable cor-
onary artery disease. In microbiological analyses, one of the risk path-
ogens for the development of periodontitis, Aggregatibacter actino-
mycetemcomitans, was particularly associated with coronary artery
disease. The number of bacteria in the saliva and systemic antibodies
to this pathogen (39), subgingival bacterial finding (40) as well as spe-
cific 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 immunological response induced by

the LPS of the bacteria and periodontal pathogens in mediating the
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association between periodontitis and heart disease was also ob-
served 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 effects
on general health.

- Prevention of periodontal disease, identification of high-risk
individuals as well as diagnosis and treatment of periodontitis, particu-
larly in the early stages of disease, cardiovascular heart health as well.

- Keeping the oral cavity free of infections is particularly important
in patients at high risk. To date, there is no recommendation concern-
ing recall interval or more frequent maintenance in patients diag-
nosed with cardiovascular disease such as coronary 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 infections

on cardiovascular health requires further study.
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