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Abstract
Correlations with periodontitis have been reported for several diseases, although the biological mechanisms that might lead
to these putative correlations are generally unclear. This paper describes the most robust of these associations, on the basis of
an evaluation of research syntheses (meta-analyses and systematic reviews) available up to June 2011. This high-level evidence
indicates that individuals with periodontitis have a significantly higher risk of various other problems, including cardiovascular
disease, diabetes mellitus, respiratory disease and preterm low-birth-weight deliveries. For some conditions, treatment of periodontitis leads to a reduction in the rates of the other disease, lending further support to the concept that the association is
reversible. An understanding of these correlations is important to allow dental health care providers to inform patients with periodontitis of their increased risks and to counsel such patients to seek additional medical assessment or intervention, as indicated.

S

ince publication of the US
Surgeon General’s report on oral
health in the year 2000,1 there has
been increased interest in determining whether a link exists between oral
health and overall health or disease.
Several diseases appear to be correlated
with periodontitis, but the mechanisms are generally unknown. Despite
the biological plausibility of some of
these associations, the biggest challenge is sift ing through and analyzing
the published evidence to determine
which are robust and which are only
tenuous or weak. An understanding
of the strength of the proposed asso-
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ciations is important so that patients
with periodontitis can be informed of
the risks (especially if they have other
risk factors for an associated condition or disease) and can be counselled
to seek further medical assessment.
Such assessment may be considered
prophylactic or may be related to the
medical management of the particular disease or diseases for which the
patient has an elevated risk.
To establish as fi rmly as possible
the association between certain health
conditions and periodontal diseases,
the literature was searched to identify the strongest of these associations,
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as indicated in formal research syntheses available to February 2012. Such formal research syntheses allow decision-making on the basis of the
best available evidence, both quantitative (metaanalyses) and qualitative (systematic reviews).
These evidence-based decisions have greater power
and precision, with less bias, than decisions based
on the results of any single study.
More specifically, an individualized search
strategy was defi ned in Ovid MEDLINE to identify meta-analyses for each systemic disease category. Keywords were auto-exploded to the Medical
Subject Heading (MeSH) terms “periodontal diseases” and the related terms for each systemic disease category: “cardiovascular diseases,” “diabetes
mellitus,” “pregnancy outcomes,” “preeclampsia”
and “respiratory disorders.” The search was limited to English-language articles (meta-analyses
and systematic reviews). After screening of titles
and abstracts, 15 papers were retrieved and examined in further detail to serve as the evidence
for this study. Where a significant association
between periodontal disease and another systemic condition was demonstrated, we evaluated
the “reversibility” of the associated condition by
determining whether periodontal treatment was
followed by a reduction in the rates of the related
disease or risks for the disease. It is important to
note that demonstration of such reversibility may
be affected by known or unknown confounders.2
Nonetheless, reversibility of a related condition
with periodontal treatment lends additional credibility to the proposed association.
The diseases for which an association with
periodontitis has been reported include cardiovascular disease (CVD), stroke, respiratory disease, rheumatoid arthritis, pancreatic cancer, diabetes mellitus (types 1 and 2), preterm delivery,
low-birth-weight delivery, preeclampsia, osteoporosis and osteoarthritis. On the basis of an initial
scan of the literature for high-level evidence, data
were analyzed for only a selection of these conditions: CVD, diabetes, adverse outcomes of pregnancy, preeclampsia and respiratory disease.

Cardiovascular Disease
CVD has always been one of the leading causes
of death in Canada. For example, in 2004, there
were 72 743 deaths due to CVD, representing
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32.1% of all deaths. In 2000, CVD costs in Canada
amounted to $22.2 billion. Direct costs (e.g., for
hospital care, prescription drugs and physician
care) accounted for $7.6 billion, and $14.6 billion
was attributed to economic output lost due to disability or death in 2000. 3
Six meta-analyses 4-9 published between 2003
and 2009 showed a weak but statistically significant association between CVD and periodontal
disease (Table 1). Although the risk estimates
(generally relative risk and/or odds ratio [OR]
less than 2) might be considered modest, the high
prevalence of both types of disease means that the
absolute numbers of those affected is quite high.
Hence, on the basis of these meta-analyses, it can
be concluded that an individual with periodontitis
is at greater risk of either having or developing
CVD.
A pathophysiological link may exist between
periodontitis and CVD, although it would be difficult to demonstrate. A meta-analysis of studies
conducted between 1966 and 2005 concluded that
periodontal treatment had no effect on serum
levels of C-reactive protein (CRP; a surrogate risk
marker for CVD) at 2 months after the treatment.10
The same conclusion was reached from analysis
of pooled data from single cohort studies (mean
overall difference in CRP 0.2 mg/L, 95% confidence interval [CI] –0.15 to 0.55 mg/L; p > 0.05).
Therefore, it appears that periodontal therapy has
no consistent effect on CRP levels, which could
lead to the conclusion that CVD would not be
reversed by periodontal treatment. However, a
more recent randomized controlled trial11 compared the effects of intensive treatment of periodontitis (including extractions) with the effects of
supragingival scaling and prophylaxis (the latter
treatment being ineffective for periodontitis) on
endothelial cell function. In that study, the investigators assessed flow-mediated vasodilatation of
the brachial artery, because reduced vasodilatation
is a surrogate marker for CVD. They also assessed
markers of inflammation, coagulation and endothelial activation. Participants who received intensive treatment for periodontitis experienced significantly improved f low-mediated dilatation
60 and 180 days after therapy, whereas those who
underwent supragingival scaling had no improvements. There were no between-group differences
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Table 1: Summary of meta-analyses of the association between periodontal disease and cardiovascular disease

Reference
Janket
et al.4

Publication
date range

Studies
included

1980–2001

8 prospective and
1 retrospective cohort
studies

Systemic disease
index
CVD events, including
fatal and nonfatal
myocardial infarction,
admission to hospital
with diagnosis of CHD,
nonhemorrhagic stroke

Periodontal
disease index
Gingivitis or
periodontitis

Pooled
result
RR 1.19
(95% CI 1.08–1.32)
For patients ≤ 65 years
of age only: RR 1.44
(95% CI 1.20–1.73)
For patients with
nonhemorrhagic stroke
only: RR 2.85
(95% CI 1.78–4.56)

Khader
et al.5

1966–2002

Bahekar
et al.6

1966–2006

7 cohort studies,
4 studies with other
designs

Incidence of and
mortality from any
or all CHD and CVD

Gingivitis or
periodontitis

5 prospective
cohort studies with
follow-up > 6 years
5 case-control studies
5 cross-sectional
studies

Fatal and nonfatal
CHD and CVD,
including ischemic stroke

Gingivitis or
periodontitis

CHD: RR 1.15
(95% CI 1.06–1.25)
CVD: RR 1.13
(95% CI 1.01–1.27)
RR 1.14
(95% CI 1.07–1.21)
OR 2.22
(95% CI 1.59–3.12)
Prevalence difference:
OR 1.59
(95% CI 1.33–1.91)
Patients with
< 10 teeth only:
RR 1.24
(95% CI 1.14–1.36)

Mustapha
et al.7

Humphrey
et al.8

Blaizot
et al.9

Until 2006

1966–2008

1989–2007

11 studies

7 cohort studies

22 cross-sectional
and case-control
studies;
7 cohort studies

CVD; early atherogenesis
as measured by CIMT

CHD events, CHD death,
CVD events
and CVD death

CVD as conﬁrmed by
one of the following
criteria: diagnosed CHD,
angina pectoris, acute
myocardial infarction or
death caused by cardiac
pathology

Periodontal disease
with elevated systemic
markers of periodontalrelated bacterial
exposure, as measured
by periodontal bacterial
burden, periodontitisspeciﬁc serology or
C-reactive protein

CHD: OR 1.75
(95% CI 1.32–2.34)

Periodontal disease
(periodontitis, tooth
loss, gingivitis and
bone loss)

Any CHD or CVD event:
RR 1.24
(95% CI 1.01–1.51)

Clinical exposure
measurements related
to periodontal disease

OR 2.35
(95% CI 1.87–2.96)

Mean CIMT difference:
0.03 mm
(95% CI 0.02–0.04)
Stroke: no association

All CHD and CVD
events: RR 1.34
(95% CI 1.10–1.63)

RR 1.34
(95% CI 1.27–1.42)

CHD = coronary heart disease, CI = confidence interval, CIMT = carotid intima-medial thickening, CVD = cardiovascular disease, RR = relative risk.
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in serum levels of CRP, which is consistent with
data from other studies. These fi ndings indicate
that CVD may indeed be reversed by periodontal
treatment, further supporting the link between
periodontitis and CVD.

Diabetes Mellitus
Diabetes mellitus is characterized by high
levels of blood glucose resulting from defects
in insulin production, insulin activity or
both. There are 2 major forms of this disease.12
Type 1 diabetes (accounting for 5%–10% of cases)
is an autoimmune disease that targets pancreatic
beta cells; it affects children and young adults.
Type 2 diabetes (accounting for 90%–95% of
cases) is increasingly being diagnosed in children
and adolescents. It begins as insulin resistance, a
disorder in which cells lose their ability to respond
properly to insulin. As the need for insulin rises,
the pancreas gradually loses its ability to produce
any insulin at all. Other minor forms of diabetes
mellitus, including gestational diabetes, represent
only about 1%–5% of cases.
Diabetes is a high-impact disease. In a 2006
meta-analysis,13 the association between both
type 1 and type 2 diabetes and periodontal disease
was assessed by comparing the extent and severity
of periodontal diseases in people with and without
diabetes. The evidence (from studies published
between 1970 and 2003) consisted of 18 comparative cross-sectional studies, 3 prospective cohort
studies and baseline data from 2 clinical trials
examining oral hygiene, as well as gingival and
periodontal status. People with diabetes had significantly worse oral hygiene (according to plaque
index scores; difference 0.218, 95% CI 0.098–0.337)
and more severe gingival disease (as measured
by average gingival index; difference 0.147, 95%
CI 0.012–0.281), as well as more severe periodontitis (according to average probing pocket depth;
difference 0.346 mm, 95% CI 0.194–0.498) and
clinical attachment loss (difference 0.612 mm,
95% CI 0.462–0.761).
Th is meta-analysis13 provided evidence to support an association between diabetes and periodontal disease. A Cochrane systematic review14
reported on the reversible relationship (i.e.,
improvement in glycemic control with periodontal
therapy), as indicated by measurements of hemo• 4 of 8 •

globin A1c (HbA1c), an important marker of glucose metabolism. Seven studies were included
in the review, 3 of which were also subjected to
meta-analysis. The evidence suggested that among
people with type 2 diabetes mellitus, periodontal
treatment (i.e., scaling, root planing and oral
hygiene instructions, with or without antibiotic
therapy) led to a mean reduction in HbA1c of 0.4%
(95% CI –0.78% to –0.01%) after 3–4 months, relative to no treatment. Although the reduction in
mean HbA1c may appear modest at fi rst glance,
reductions of only 0.8% in this marker can lead to
reductions in end-stage microvascular complications of about 70%;15 as such, even a reduction of
0.4% is important. Nonetheless, further study is
needed, and an investigation is now underway.16
Findings showing reversibility with periodontal
treatment support results showing statistically significant associations between periodontitis and
diabetes, particularly type 2 diabetes.

Adverse Outcomes of Pregnancy
Preterm delivery, an important cause of perinatal mortality and morbidity, is defi ned as
delivery before 37 completed weeks of gestation.17
The frequency of preterm birth in the United
States increased from 10.7% in 1992 to 12.3% in
2003.18 In 2009–2010, the Canadian in-hospital
preterm birth rate was 8.0%.19 Th is problem has
major social and economic consequences worldwide.18,20 In 2005–2006 in Canada, the average inhospital cost associated with preterm babies was 9
times higher than for full-term babies among singletons ($9233 vs. $1050) and about 7 times higher
among multiple-birth babies ($12 479 vs. $1871).21
Vergnes and Sixou 20 performed a meta-analysis
to assess the effect of maternal periodontal disease
on preterm delivery and/or delivery of infants with
low birth weight. The 17 studies (published up to
2005) included in their analysis involved a total
of 7151 women, 1056 of whom delivered a preterm and/or low-birth-weight infant. The chance
of a preterm birth was about 3 times higher among
mothers with periodontitis, relative to healthy participants who did not have periodontitis (OR 2.83,
95% CI 1.95–4.10, p < 0.0001), which indicates an
association between periodontitis and this adverse
outcome. However, the authors cautioned that
among the included studies, those that were more
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Table 2: Summary of meta-analyses of impact of periodontal treatment on outcome of pregnancy

Publication
date range

Reference
Xiong
et al. 22

1996–2006

Studies
included
5 RCTs

Systemic
disease index
Preterm birth, low birth weight

Treatment for
periodontal
disease
Oral prophylaxis
and periodontal
treatment

Pooled result
Preterm, low-birth-weight
infants:
RR 0.53 (95% CI 0.30–0.95)
No effect on risk of preterm
birth or low birth weight

Polyzos
et al. 23

Until July 2010

11 trials
(5 with low
risk of bias)

Rate of preterm births
(no. of births before 37 weeks
gestational age [spontaneous or
medically indicated] among all
successful pregnancies)
Rate of low-birth-weight infants
(no. of infants < 2500 g among
all successful pregnancies)
Rate of spontaneous abortion
or stillbirth (no. spontaneous
abortions or stillbirths)
Rate of adverse outcomes of
pregnancy (no. of preterm
births [< 37 weeks] + no. of
spontaneous abortions and
stillbirths)

Oral prophylaxis
and periodontal
treatment

High-quality studies: treatment
had no signiﬁcant effect on
any outcome
Low-quality studies: signiﬁcant
beneﬁcial effect of treatment
with scaling and root planing
on:
- rate of preterm birth
(OR 0.52, 95%CI 0.38–0.72)
- low birth weight (< 2500 g)
(OR 0.44, 95% CI 0.30–0.66)
- overall adverse outcomes
(OR 0.55, 95% CI 0.41–0.73)

Rate of spontaneous preterm
births, rate of preterm birth
(< 35 weeks gestational age)
and rate of very-low-birthweight infants (< 1500 g)

RCT = randomized clinical trial.

carefully designed demonstrated a weaker association. The authors also concluded that pooled
values should be interpreted with caution until
the results are confi rmed in larger, well-designed
multicentre trials.
Taken together, the available evidence supports the existence of a relationship between periodontitis and the occurrence of preterm and/or
low-birth-weight deliveries. However, the metaanalyses available to date addressing the issue
of reversibility (i.e., whether periodontal treatment reduces adverse outcomes of pregnancy) are
inconclusive22,23 (Table 2). In any case, it remains
important to promote good oral hygiene during
routine prenatal visits.
| 2012 |

Preeclampsia
Preeclampsia, a condition characterized by
high blood pressure and proteinuria during pregnancy after 20 weeks’ gestation, is a major cause of
maternal and neonatal mortality and morbidity in
the United States and around the world.24 A 2008
systematic review and meta-analysis25 investigated
the potential association between periodontitis
and several conditions, including maternal infection and preeclampsia. Six studies involving a total
of 493 women with preeclampsia and 2927 controls (women without preeclampsia) were pooled
for meta-analysis. There was an increased risk
of preeclampsia among pregnant women with
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periodontal disease (pooled OR 1.76, 95% CI
1.43–2.18). In addition, a recent Brazilian casecontrol study26 showed a similar level of risk (OR
1.52, 95% CI 1.01–2.29). However, another recent
case-control study 27 showed no clinically meaningful differences between cases and controls with
regard to periodontal parameters, regardless of
the diagnostic criteria used to defi ne periodontal
disease. Th is area has not been well investigated,
and although the data appear to point toward an
association between preeclampsia and periodontitis, reversibility has not been demonstrated.
Regardless, this fi nding parallels the data pertaining to preterm and low-birth-weight infants.

topical antimicrobial prophylaxis (polymyxinneomycin-vancomycin or gentamicin-colistinvancomycin), decontamination of dental plaque
with 0.2% chlorhexidine gel or 0.12% chlorhexidine gluconate oral rinse, and/or professional
mouth cleaning (brushing by caregivers and/
or mechanical scaling of teeth by dental professionals) led to significant reductions in the occurrence of respiratory diseases among high-risk
elderly adults living in nursing homes, especially
those in intensive care units (number needed to
treat 2–16; relative risk reduction 34%–83%). As
such, there is good evidence to support the presence of a significant relationship between respiratory diseases and periodontitis.

Respiratory Diseases
Pneumonia (including community-acquired,
hospital-acquired, ventilator-associated and aspiration pneumonia) is an acute condition with
gradual onset of cough, with little or no fever.28
Despite adequate treatment, morbidity and mortality rates are high in certain situations (e.g.
ventilator-associated pneumonia).29 In the United
States, the estimated annual costs of communityacquired pneumonia are as high as $385 million
for outpatient care and $8.4 billion for inpatient
treatment. 30 As well, chronic obstructive pulmonary disease (COPD), characterized by reduced
airflow and other breathing-related problems, was
the cause of 4% of all deaths in Canada in 2004
(5152 deaths among men and 4455 deaths among
women). 31 The mortality rate associated with
COPD may actually be higher than this, because
2 complications of the condition, pneumonia and
congestive heart failure, may be listed as the cause
of death for individuals with COPD. 31
Our group carried out a systematic review of
randomized controlled clinical trials and longitudinal, cohort, case-control and epidemiologic
studies (up to 2005), to evaluate a possible link
between periodontal disease and respiratory diseases (i.e., COPD or pneumonia). 32 There was
fairly good evidence for an association between
pneumonia and poor oral health (OR 1.2–
9.6, depending on oral health indicators used).
However, only a weak association (OR < 2.0) was
found between COPD and oral health. There was
good evidence for reversibility: dental treatment
and the establishment of good oral health through
• 6 of 8 •

Conclusions
The fi ndings reported here are based on the
highest levels of evidence currently available in the
literature. From these fi ndings, it can be concluded
that individuals with periodontitis have a significantly increased probability of greater risk for
other problems, including CVD, diabetes, respiratory diseases and preterm delivery of low-birthweight infants. Many of the research syntheses
summarized here were characterized by heterogeneity among studies (e.g., variability in how periodontitis and other diseases were diagnosed). For
example, in some studies that were included in the
syntheses, diseases were assessed by questionnaire,
with no clinical examination. It is also important
to realize that patients with certain signs of periodontitis may not have active periodontitis, which
could confound the fi ndings of cohort studies,
especially interventional trials.
In addition, in some studies, the fi ndings were
not necessarily adjusted for participants’ socioeconomic status, which is known to be one of the
most profound confounders for almost all disease states. Given these caveats, and until further
results from well-designed randomized controlled
trials are available, it remains important to recommend periodontal treatment for all patients,
whether or not they have other established general
health problems, primarily to improve periodontal
health in its own right. Despite some evidence for
reversibility, it cannot be guaranteed that treatment of periodontitis will reduce patients’ risk for
other diseases. However, the role of periodontal
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disease as a “risk indicator” or “marker” should
not be ignored, since the presence of this condition may serve as a warning to the dentist or dental
hygienist that the patient is at risk for other diseases, especially CVD, diabetes, respiratory disease and preterm and/or low-birth-weight delivery.
Such patients should be informed of the potential
for increased risk to allow them to seek appropriate medical investigation or intervention. a
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