Editorial
Increasing Evidence for an Association Between
Periodontitis and Cardiovascular Disease
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P

eriodontitis is a chronic inflammatory disease caused by
bacterial colonization, which results in destruction of the
tissues between the tooth surface and gingiva, loss of connective tissue attachment, erosion of alveolar bone, and tooth
loss.1 Periodontitis is common and increases with age. In a
US survey, about half of adults aged >30 years have some
periodontitis and almost 10% have severe disease.2 Evidence
for an association between periodontitis and atherosclerotic
vascular disease, including stroke, myocardial infarction,
peripheral vascular disease, abdominal aortic aneurysm, coronary heart disease, and cardiovascular death, comes from >50
prospective cohort and case control studies undertaken during
the past 25 years.3–6 More recent analyses from large-cohort
studies suggest new onset, and prevalent periodontitis, as well,
is associated with increased coronary heart disease risk,7 and
there is a graded association between tooth loss and stroke,
cardiovascular death, and all-cause mortality in patients with
stable coronary artery disease.8 If causal, these associations
would be of great importance because of the potential that preventing or treating periodontal disease could reduce the risk of
major adverse cardiovascular events.

persons with any periodontitis in comparison with no periodontitis was 1.49 (95% confidence interval, 1.21–1.83), and, after
multivariable adjustment, it was 1.28 (1.03–1.60).
Several mechanisms have been proposed to explain the
association between periodontal and cardiovascular disease.
Periodontitis causes both a local and systemic inflammatory
and immune response, with increases in white blood cell
count, C-reactive protein, fibrinogen, cell adhesion molecules,
and proinflammatory cytokines.10 Treatment of periodontal
disease temporarily increases the blood levels of inflammatory
markers, and worsens endothelial function, probably from the
release of bacteria or inflammatory cytokines into the blood
stream.11 However, after several weeks, inflammatory markers are lower11,12 and endothelial dysfunction is better than
before treatment.11 In the Oral Infections and Vascular Disease
Epidemiology Study (INVEST) study, carotid intimal-medial
thickness was associated with the volume of pathogenic bacteria on periodontal examination.13 Small studies have reported
reduction in carotid intimal-medial thickness 6 months after
treatment of severe periodontal disease.14
The systemic inflammatory or immune response to periodontal infection may increase cardiovascular risk. Also,
pathogens from the mouth can enter atherosclerotic plaques
via the blood stream, and this could promote an inflammatory or immune response within the atherosclerotic plaque. A
diverse range of oral bacterial pathogens and bacterial DNA
have been detected in atherosclerotic plaque.15,16 In animal
models, infection with Porphyromonas gingivalis increases
atherosclerotic plaque volume with the accumulation of
cholesterol esters and inflammatory mediators.17 In humans,
serum IgA antibodies to P gingivalis are higher in patients
with myocardial infarction than in controls.18
Although there is a strong pathophysiological rationale to
support the importance of these mechanisms, it is possible the
association between periodontitis and atherosclerotic vascular
disease is not causal. In almost all observational studies, at
least part of the association is explained by adjustment for cardiovascular risk factors. Smoking, diabetes mellitus, increasing age, and poor socioeconomic conditions are risk factors
for periodontitis, and for cardiovascular disease, as well.1 In
the PAROKRANK study9 controls were matched to cases for
age, sex, and area of residence, a surrogate indicator of socioeconomic status. However, there were modest differences in
smoking, diabetes mellitus, hemoglobin A1c, and divorce
or living alone between cases and controls. Adjustment for
these variables about halved the strength of the association. In
most previous cohort and case control studies, adjustment for
known cardiovascular risk factors also only partly explained
associations between periodontal disease and cardiovascular disease.3,5 This has been interpreted as evidence that the

Article see p 576
Individual studies have limitations, which include the use of
imprecise measures of periodontal disease, inadequate accounting for potential confounders, and low statistical power for
clinically important events. The Periodontal Disease and the
Relation to Myocardial Infarction (PAROKRANK) study,9 published in this issue of Circulation, strengthens the evidence for
a link between periodontal disease and first myocardial infarction. This Swedish study compared periodontal disease in 805
patients who had presented with a first myocardial infarction
with 805 controls. Panoramic x-ray films were used to measure
resorption of alveolar bone adjacent to the tooth root and apex.
This objective measure of periodontal disease was evaluated
blind to clinical information and study group in a core laboratory. At least mild periodontitis was observed in about one-third
of subjects. The odds ratio for first myocardial infarction for
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periodontitis accounts for the residual excess cardiovascular risk. However, the measurement of confounders is often
imprecise, and some confounders may not be recognized.
For example, an unhealthy dietary pattern, premature birth,
adverse life stresses, and genetic predisposition could each
increase the risk of both conditions, but are not measured in
most studies.
Evidence of multiple common risk factors is relevant to
understanding the possible common pathophysiology of atherosclerosis and periodontal disease. It also suggests that not
smoking, reducing obesity, improving glucose tolerance, and
addressing other common risk factors could benefit both conditions. Limited evidence suggests that statins may decrease
periodontal inflammation, possibly by decreasing cholesterol
deposits adjacent to periosteal bone which may enhance the
inflammatory response.19,20 Recognition that genes linked to
chromosome 9p21, and related to transforming growth factor
beta regulation, predispose to periodontitis, and to coronary
artery disease, as well, provides further evidence that common pathophysiological pathways are important for the 2
diseases.21
Should treatment of periodontal disease be recommended
to reduce the risk of cardiovascular disease? No, or only with
reservations; because the key evidence needed, that treatment of periodontal disease lowers the risk of major adverse
cardiovascular events, is missing. For this a large randomized clinical trial is needed. To date, only a pilot study, the
Periodontitis and Vascular Events (PAVE) investigation, has
reported.22 This randomized trial compared the effects of a
single full-mouth scaling and root planing with community
care in 301 patients with stable coronary artery disease. Major
cardiovascular events were assessed over 6 to 25 months. The
study had low statistical power and, as expected, the impact of
the intervention on clinical outcomes was inconclusive. The
strength of associations between periodontitis and cardiovascular events is modest, with hazard ratios of ≈1.20 in adjusted
models from meta-analyses of prospective cohort studies.3,5 A
clinical trial would need to be very large to detect the plausible effects of treatment to reduce periodontal disease on
major cardiovascular events. Periodontitis is a chronic condition, so a long-term approach, rather than a single treatment,
would be needed to achieve sustained improvement in periodontal health. Periodontal disease is reduced by daily tooth
brushing and flossing, and by scaling and planing by a dentist
or dental hygienist. These are currently recommended as part
of good oral health, independent of the possible benefits for
cardiovascular disease. Evaluating the effectiveness of interventions for periodontal disease to reduce major cardiovascular events in a large randomized clinical trial will therefore
be challenging.
In 2012, an American Heart Association scientific statement4 concluded that there is no class A or B evidence that
periodontal disease causes atherosclerotic vascular disease,
and cautioned that statements that imply a causative association, or that specific therapeutic interventions may be useful, are unwarranted.4 This caution remains appropriate. The
PAROKRANK study9 adds to the strong evidence for an
association between periodontitis and myocardial infarction,
but does not prove causation. However, knowledge that the

association is at least partly explained by common risk factors
is important, because it provides further evidence that strategies to reduce cardiovascular risk, such as the American Heart
Association’s Life’s Simple 7, are also likely to benefit other
determinants of good health.
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