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ARTICLE INFO ABSTRACT

Keywords:

Epidemiological evidence has revealed a potential relationship between periodontal disease and cardiovascular

Teeth disease (CVD). Consensus regarding a link between these pathologies remains elusive, however, largely sec-

Oral health
CVD

ondary to the considerable overlap between risk factors and comorbidities common to both disease processes.
This review article aims to update the evidence for an association by summarizing the evidence for causality

between periodontitis and comorbidities linked to CVD, including endocarditis, hypertension (HTN), atrial
fibrillation (AF), coronary artery disease (CAD), diabetes mellitus (DM) and hyperlipidemia (HLD). This article
additionally discusses the role for periodontal therapy to improved management of the comorbidities, with the
larger goal of examining the value of periodontal therapy on reduction of CVD risk. In doing so, we endeavor to
further the understanding of the commonality between periodontitis, and CVD.

1. Introduction

Periodontitis is a bacterially induced chronic inflammatory disease
that destroys the connective tissue and bone that support the teeth [1]. It
is estimated that roughly half of all adults in the United States have mild
to moderate forms of the disease, with severe periodontitis affecting up
to 15 % of all adults in the United States [2]. Globally, severe peri-
odontitis is estimated to affect 19 % of the global adult population,
representing over 1 billion cases [3]. Mounting evidence suggests that
chronic inflammation increases the risk of cardiovascular disease (CVD)
[4]. This has led to speculation that periodontitis may be a modifiable
risk factor contributing to the development of CVD, with epidemiolog-
ical studies supporting an association between CVD and periodontitis
[5,6]. CVD and its sequalae — coronary artery disease (CAD), acute

myocardial infarction, stroke and peripheral arterial disease — is a
leading cause of morbidity and mortality worldwide [7]. Endocarditis,
diabetes mellitus (DM), hypertension (HTN), hyperlipidemia (HLD),
CAD and atrial fibrillation (AF) have all been shown to be risk factors for
or sequalae of CVD. In this review, we will discuss the evidence
regarding association and pathophysiology between these pathologies
and periodontitis in the broader context of CVD. Specifically, we sum-
marize the significant evidence for causality between periodontitis and
the aforementioned comorbidities of CVD, and the findings for peri-
odontal therapy in the setting of improved management of said
comorbidities in order to reduce CVD risk.
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2. Pathophysiology

Several mechanisms have been proposed to explain the association
between periodontal and cardiovascular disease. Bacteria introduced to
the bloodstream from periodontal plaques have been shown to induce
platelet activation, aggregation, and thrombosis. Platelet activation by
oral bacteria, specifically Streptococcus mutans and S. sanguinis, can lead
to localized thrombus formation, and secretion of pro-inflammatory
cytokines from the platelets themselves, which contribute to inflam-
mation, atherogenesis, and thrombogenesis [8,9]. Porphyromonas gingi-
valis has also been shown to induce CVD by activating factor X,
prothrombin and protein C, promoting thrombotic tendency and intra-
vascular clot formation [10].

Systemic inflammation has additionally been theorized to under-
score the observed association between CVD and periodontitis. Strong
evidence exists that increased CVD risk is associated with elevated levels
of pro-inflammatory cytokines, such as IL-1, IL-6 and TNF-alpha (TNF-
a), and acute phase proteins such as C-reactive protein (CRP) [11,12].
Periodontitis has also been associated with chronic increased systemic
inflammatory cytokines and acute phase proteins [13,14]. Systemic
inflammation secondary to these inflammatory mediators stimulates
immune cell migration to the walls of the endothelium and increased
low-density lipid (LDL) uptake by macrophages, leading to increased
foam cell formation and subsequently plaque formation [15]. Addi-
tionally, increased reactive oxygen species (ROS) due to elevated CRP in
periodontitis leads to stress on cellular structures and causes changes in
molecular pathways that underpin the pathogenesis of CVD [16].

The systemic inflammation induced by periodontitis can promote
molecular mimicry and generation of self-reactive antibodies targeting
heat shock proteins (HSP). Bacterial invasion and systemic inflamma-
tion have been theorized to increase HSP production in endothelial cells
[17]. Due to the homologous nature of HSPs across species, oral bacte-
rial HSP generate antibodies that in turn attack the HSPs produced by
the stressed endothelium [18]. A study by Perschinka et al. found that
CVD promotes expression of HSP60 and increased adhesion molecules
by endothelial cells, causing progression of fatty streaks to irreversible
atherosclerotic changes [19].

Establishing causality between periodontitis and CVD remains
challenging despite evidence supporting the aforementioned theories.
To date, there have been few high-quality studies examining periodon-
titis with CVD endpoints. Rather, the majority of studies examining
causality between these pathologies use surrogate biomarkers to reflect
CVD outcomes [20]. Perhaps most challenging to elucidating the rela-
tionship between periodontitis and CVD is the fact that there exists
considerable overlap in regard to risk factors and comorbidities in the
development of both disease processes [21]. Cardiovascular and peri-
odontal diseases share several risk factors, including age, smoking,
diabetes, and poor socioeconomic conditions [22].The comorbidities
frequently associated with CVD - endocarditis, HTN, AF, CAD, HLD, DM
— are also commonly associated with periodontitis, raising the question
if any association between periodontitis and CVD is direct, or in fact
mediated through a shared comorbidity. This is especially of concern
when evaluating any causality in the context of DM, as literature sup-
ports a “two-way relationship” between periodontitis and DM, sug-
gesting that any periodontitis and CVD linkage may in fact lie in a
hyperglycemic driven periodontal disease state [23]. To further eluci-
date the potential confounding of comorbidities, we discuss below the
relationship between periodontitis and several diseases known to be risk
factors for CVD.

3. Endocarditis

A relationship between oral health and endocarditis dates as far back
as the early 1900s [24]. Thomas Horder was among the first to
acknowledge the role “oral sepsis” played in the development of infec-
tive endocarditis in high-risk patients [25]. With the advent of penicillin
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in the 1940s, evidence emerged that antibiotics lowered the incident of
bacteremia following dental extraction [26]. In 1955, this evidence led
to the American Heart Association recommendations regarding the use
of antibiotics to reduce the risk of endocarditis in patients with under-
lying heart disease [27]. These recommendations, coupled with good
oral hygiene became the standard of care for endocarditis prevention in
high-risk patients for over 50 years [23].

In the interim, several species of microorganisms have been identi-
fied as the main culprits of endocarditis. Roughly 90 % of causative
bacteria are transient or stable components of the oral microbiome, [28]
including Staphylococcus aureus (S. aureus), Streptococcus viridians and
Streptococcus bovis, and Enterococcus faecalis. Furthermore, a landmark
study by Lockhart et. al revealed an association between poor oral hy-
giene and endocarditis-related bacteremia, revealing an almost eight-
fold increase in bacteremia risk with bleeding induced by routine tooth
brushing [29]. This and other evidence has led the American Heart
Association to continue to recommend antimicrobial prophylaxis in high
risk cardiac patients undergoing dental procedures, including patients
with congenital heart defects, prosthetic valves, previous endocarditis,
and cardiac transplant recipients. [30]

4. Hypertension

Epidemiological studies have suggested the existence of a positive
relationship between oral health disorders and HTN. [31] Periodontitis
specifically has been theorized to contribute to the low-grade inflam-
matory state underlying CVD and HTN. [32] The identification of
periodontitis as a possible risk factor for HTN could be explained by
multiple mechanisms [4,5]. Periodontitis has been linked to systemic
inflammatory mediators such as CRP and IL-6, both of which are known
to affect endothelial function [4]. It has further been posited that im-
mune cells are primed in the chronically inflamed periodontium, thus
making them pre-disposed to chemotactic recruitment to perivascular
tissues, a step that has been shown precede development of outright
HTN and atherosclerotic disease [33,34].

Recent investigations have aimed to establish an association between
oral status, specifically periodontitis, and HTN risk. The prevalence of
HTN in adults with concurrent periodontitis was summarized in a meta-
analysis by Aguilera et al. using 30 prospective and retrospective studies
between 2003 and 2018. [35] In 25 of the 30 analyzed studies, the
prevalence of HTN was higher in adults with a diagnosis of periodontitis
(range 7-77 %) compared with those not suffering from the disease
(range 4-70 %) [6]. Periodontitis was also found to be greater in in-
dividuals with HTN in the reviewed studies (29-61 %) compared to
those without HTN (17-39 %) [7].

Risk factors such as old age, smoking, obesity, and diabetes have
been considered common denominators underlying the observed prev-
alence of periodontitis in HTN patients [ 36]. However, recent literature
suggests an association between periodontitis and HTN that is causal in
nature and independent of the aforementioned risk factors [2,37,38]. A
cross-sectional study among participants in Sweden demonstrated a
linear trend between severity of periodontal disease and HTN after
adjusting for confounding factors such as age, gender, and smoking
status [1]. Another study with 12,000 participants from the 3rd National
Health and Nutrition Examination Survey (NHANESIII) found partici-
pants with moderate and severe periodontitis had higher systolic blood
pressure than those with mild periodontal disease [39]. The evidence of
a causal relationship between periodontal disease and HTN is further
supported by prospect cohort studies demonstrating improvement in
blood pressure following periodontal therapy [40-42].

5. Atrial fibrillation
Systemic inflammation has been shown to be a significant factor in

the development of atrial remodeling in animal and human studies [43].
Atrial remodeling has been established as an initial substrate for the



S. Hopkins et al.

development of atrial fibrillation (AF) [44]. This has prompted in-
vestigations into potential associations between the inflammatory state
induced by periodontitis and AF. Chen et al. found that patients with
periodontitis had a 31 % higher risk of developing AF than patients
without periodontal disease, an increased risk which remained statisti-
cally significant after adjusting for common comorbidities [45]. Studies
have also suggested a linear relationship between severity of periodontal
disease and AF risk. A recent univariate analysis revealed a dose-
response relationship between an increased number of missing teeth
and risk of AF, although the relationship was not seen in multivariate
analysis [46]. Further research has demonstrated an association be-
tween prevalent AF and increased dental plaque levels, bleeding on
probing, and periodontal inflamed surface area [47,48].

The atria of AF patients are infiltrated by inflammatory cells, un-
derlying the theory that systemic inflammation can drive the develop-
ment of arrythmia [31]. Other studies have demonstrated that patients
with AF have increased levels of inflammatory markers, including CRP,
TNF-a, and plasma IL-6 [49]. CRP downregulates nitric oxide, promot-
ing endothelial cell apoptosis [50]. TNF has also been shown to
contribute to the pathogenesis of AF via augmenting pulmonary vein
arrhythmogenicity and inducing abnormal calcium homeostasis [51].
Several studies have confirmed increases of these systemic biomarkers in
patients with periodontitis [52,53].

A reduction in systemic inflammatory biomarkers have been
observed in periodontitis patients following increased oral health
maintenance [54]. Evidence exists linking improved periodontitis con-
trol and lowered risk of AF. Chen et al. found that dental scaling at least
once a year for three consecutive years was associated with reduced AF
risk [44]. A dose response relationship between increased frequency of
daily tooth brushing and AF has also been shown, with subjects brushing
their teeth at least three times daily having significantly less risk of AF
than those brushing only once or twice [45].

6. Coronary artery disease

Coronary artery disease (CAD) and periodontitis have been associ-
ated since a landmark study in 1989 by Mattila et al. revealed signifi-
cantly worse dental health in patients with acute myocardial infarction
after adjusting for other risk factors [55]. In the following decades,
several studies have analyzed the linkage between these disease pro-
cesses. Mattila provided further evidence of this linkage in 1993, with a
study demonstrating coronary atherosclerosis on diagnostic coronary
angiography was associated with dental infections in males after
adjusting for risk factors [56]. These findings were echoed in a publi-
cation by Buhlen et al., which found metrics of periodontitis to be
associated with angiographically verified coronary artery narrowing in
patients with stable CAD or ACS [57]. A similar study by Costa et al.
quantified the association by demonstrating a 2.79 times higher risk of
developing CAD in patients with pre-existing periodontitis [58]. Yakob
et. al revealed that Porphyromonas gingivalis and Porphyromonas
nigrescens increased the odds of carotid artery atherosclerosis as
confirmed by ultrasound, a condition associated with CAD [59,60].
Angina, a common symptom manifestation of CAD, was shown by Soder
et. al to be more common in patients with a high dental calculus score
[61]. In a separate study, Soder et. al higher dental calculus scores were
associated with cardiac death due to myocardial infarction [62]. A
systematic review by Dietrich et al. analyzing six studies on CAD
demonstrated an increased risk of a first coronary event in patients with
clinically diagnosed periodontitis or more severe periodontitis
compared to patients without periodontitis or less severe periodontitis
[63].

There is increasing evidence that periodontitis contributes to
atherosclerosis and subsequently CAD. One mechanism proposed is in-
vasion of the endothelium by periodontal pathogens. An immunohisto-
logic study by Ford et al. found that periodontopathic bacteria species
were found more frequently in atherosclerotic lesions than other
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commonly associated pathogens [64]. A follow up study by Ford and
coauthors found oral bacteria in 75 % of atherosclerotic plaque speci-
mens analyzed [65]. Analysis of cardiovascular specimens containing
thrombus tissues demonstrated that S. mutans, a common pathogen in
periodontitis, was the most prevalent bacteria (78 %) [66]. Other peri-
odontitis organisms, including P. gingivalis, Prevotella intermedia, and
Tannerella forsythia, have been isolated in atherosclerotic lesions of
coronary arteries [67]. A second mechanism through which periodontal
disease may contribute to CAD lies in elevation of systemic inflamma-
tory cytokines secondary to periodontitis. Cytokines such as IL-1p, IL-6,
IL-8, TNF-a, which are elevated in patients with periodontitis, have been
implicated in endothelial dysfunction and initiation of atherosclerosis
[68]. A cross sectional analysis by Beukers et al. found periodontitis to be
independently associated with CVD after adjusting for confounders such
as hypertension, diabetes, and smoking status [69].

There is a dearth of literature regarding periodontitis treatment and
impact on CAD. Promising findings were reported by Bokhari et al. in a
study revealing significantly decreased CRP and white blood cells in
CAD patients with periodontitis following non-surgical periodontal
therapy [70]. Tonetti et al. found improved endothelial function in the
form of increased flow mediated dilation six months following peri-
odontal treatment in patients with CAD [71]. These studies in
conjunction provide evidence of an endothelial response to reduced
systemic inflammation following periodontal treatment.

7. Diabetes mellitus

The causal relationship between oral disease, specifically periodon-
titis, and type 2 diabetes mellitus (T2DM) is well established and dates
back to the 1960s [72]. Several studies suggest the association between
T2DM and periodontitis is bidirectional [73]. Individuals with T2DM are
more likely to develop periodontitis, and diabetic patients with peri-
odontitis have worse glycemic control [74,75]. Several randomized
controlled trials have found that treatment of chronic periodontitis im-
proves glycemic control in patients with T2DM, chiefly through reduc-
tion of hemoglobin Alc, and furthermore reduces the risk of
cardiovascular disease [76,77].

Several mechanisms have been proposed to underly the association
between T2DM and periodontitis. Oxidate stress appears to be a major
link, as it can activate proinflammatory pathways common to both
disease processes. [78] Allen et al. observed that T2DM patients with
periodontitis had compromised glycemic control and increased oxida-
tive stress markers such as small molecule antioxidant capacity (pSMAC)
and protein carbonyl levels [79]. CRP has alternatively been suggested
to be the linchpin between T2DM and periodontitis. Lei et al. presented
data suggesting that increased CRP in the setting of periodontitis was
associated with increased levels of HbAlc. [80] Animal studies have
further suggested that periodontitis aggravates pancreatic p-cell failure
and insulin resistance in diabetic mice [81].

A prospective cohort study of 126,805 patients with diabetes and
periodontal disease by Merchant et al. revealed an association between
periodontal therapy and reduced HbAlc while controlling for con-
founding lifestyle factors such as smoking and BMI, demonstrating a
potential rationale for periodontal treatment as a means for enhanced
glycemic control [82]. Scaling and root planning (SRP) is the mainstay
treatment for periodontal disease [83]. Recent studies have found that
SRP is associated with reduced metabolism and systemic inflammation
in T2DM patients [84]. The role antibiotic therapy as additional peri-
odontal treatment in diabetic patients is controversial. A systemic re-
view of Grellmann et al. suggested that adjunctive antibiotic therapy may
improve the efficacy of SRP in reducing periodontitis in T2DM patients
[85]. However, Lira Junior et al. found that the use of systemic antibi-
otics in the periodontal treatment of diabetic patients had no significant
decrease in HbAlc [86].
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8. Hyperlipidemia

Several studies show a bi-directional relationship between hyper-
lipidemia (HLD) and periodontal disease [87]. Patients with mild or
moderate HLD manifested higher values of periodontal parameters
compared to normolipidemic individuals [88,89]. In parallel, Cutler
et al. and Moeintaghavi et al. concluded that periodontitis is associated
with statistically significantly increased levels of serum lipids, demon-
strating periodontitis patients as having 12 % and 52 % higher mean
total cholesterol and triglycerides, respectively, as compared to patients
without periodontal disease [90,91]. However, controversy exists
regarding whether the association with periodontal disease lies in serum
cholesterol or triglyceride levels. Buhlin et al. demonstrated an associ-
ation between high cholesterol and periodontitis, while Morita et al.
found that serum triglyceride level might be a potential indicator for the
presence of periodontal disease [92,93].

Evidence suggests that a cyclic relationship exists between serum
lipids, periodontitis and systemic health. HLD has a deregulatory effect
on the immune system and wound healing, resulting in increased sus-
ceptibility to periodontitis and other infections [94]. This mechanism
may be partly explained by HLD induced white blood cell hyperactivity,
subsequently leading to increased oxygen radicals which in turn are
associated with progression of periodontitis in adults [95,96].
Concomitantly, increased cytokines in the setting of periodontitis alter
the amino acid utilization of various tissues involved in lipid meta-
bolism, and stimulate the hypothalamic-pituitary-adrenal axis, leading
to increased serum cortisol and glucagon [97,98]. The resultant elevated
serum lipids are cleared less effectively due to cytokine interference in
lipoprotein lipase activity [99].

The bi-directional nature of HLD and periodontitis is underscored by
the evidence of treatment response seen in both pathologies via thera-
peutic intervention. D’aiuto et al. investigated the impact intensive
periodontal therapy on HLD, revealing a decrease in total and LDL
cholesterol following two months of periodontal treatment [100]. Sig-
nificant increase in the ratio of HDL cholesterol to LDL cholesterol after
periodontal therapy was demonstrated in a study by Pussinen et al.,
further supporting the linkage between HLD and periodontitis [101]. In
parallel, statin usage in the setting of HLD has been shown to be pro-
tective against periodontal attachment loss [102].

9. Management

To date, no well-powered studies of the effects of periodontal treat-
ment on hard CVD endpoints (myocardial infarction, stroke, cardio-
vascular death) have been conducted [103]. However, the
aforementioned studies regarding an association between periodontal
therapy and HTN, DM, CAD, HLD, and AF suggest that treatment of
periodontitis may improve the CVD risk profile. This hypothesis is
underscored by a population-based study conducted in 2015 in Taiwan
by Chou et al. suggested that a dose-response relationship exists between
periodontitis severity and CVD risk [104]. A similar study by Park et al.
found that >1 tooth brushing per day or > 1 regular dental visit for
professional cleaning per year reduced cardiovascular risk by 9 % and
14 %, respectively [105]. This may be secondary to the reduction in
systemic markers of inflammation following periodontal treatment, as
demonstrated in a study of CVD patients undergoing periodontitis
therapy by Higashi et al. [40] These findings suggest that adherence to
daily oral hygiene may be an effective way to control periodontal dis-
ease and ultimately reduce the risk of CVD.

10. Current challenges

Randomized controlled trials to evaluate the effect of periodontitis
and periodontal therapy on CVD are challenging to perform for the
following reasons. First, because periodontal therapy ranges from non-
surgical debridement to surgical intervention potentially with
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Table 1
CVD Comorbidities and periodontal therapy summary of sources.

First Year Type of study Key findings Limitations

author

Chang 2020  Population- - Frequent tooth - Difficult to
based cohort brushing (>3 generalize to
study times/day) was other

significantly ethnicities, as
associated with study
attenuated risk of population
atrial fibrillation consisted of only
(hazard ratio: Asian
0.90, 95 % individuals.
confidence - Did not confirm
interval the presence of
(0.83-0.98)) and periodontal
heart failure disease with
(0.88, dental X-rays.
(0.82-0.94)).

- Number of
missing teeth
>22 was
positively (1.32,
(1.11-1.56))
associated with
risk of heart
failure.

Baeza 2020  Meta-analysis - Scaling and root - Lack of adequate
of Randomized planning reduced placebo in
clinical trials HbAlc [DM = analyzed

0.56 studies.
(0.36-0.75); p < - Lack of
0.01] and CRP statistical
[DM = 1.89 analysis to
(1.70-2.08); p < evaluate the
0.01]. possibility of

publication bias.

Lockhart 2017  Placebo — - Participants with - All participants
controlled mean plaque and required dental
study calculus scores of extraction,

2 or greater were therefore not
at a 3.78- and representative of
4.43-fold broader adult
increased risk of population.
developing - Did not test for
bacteremia, associations
respectively. between

- The presence of gingival disease
generalized parameters and
bleeding after bacteremia risk.
toothbrushing
was associated
with an almost
eightfold
increase in risk of
developing
bacteremia.

Soder 2016  Prospective - High dental - Did not include

cohort study calculus score, blood pressure
indicative of or lipid profile
poor dental data.
hygiene, was
associated with
incidence of
angina pectoris

Chen 2016  Retrospective - There was an - Lack of

increased risk of information
atrial fibrillation
or flutter in the factors for atrial
periodontal fibrillation in
disease group study
compared to the

non-periodontal

cohort study
regarding risk

population
(obesity, alcohol

disease group use).
(HR, 1.31; 95 % - Lack of clinical
CI, 1.25-1.36) data to validate

the diagnoses of

(continued on next page)
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Table 1 (continued)
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Table 1 (continued)

First Year Type of study Key findings Limitations First Year Type of study Key findings Limitations
author author
atrial fibrillation 37.6 versusA =
and atrial 5.4 +41.2 mg/
flutter. dL, p < 0.0002),
Merchant 2015  Prospective - Periodontal - Confounding low-density lipo-
cohort study treatment at due to the protein levels (A
baseline and observational = —48.1 + 31.7
follow-up study design. versusA = 1.9 £
reduced HbAlc - Baseline 42.8 mg/dL, p <
by —0.02 % and periodontal 0.002), dental
—0.074 %, status was mobility (A =
respectively. unknown. —0.17 £ 0.11
- Treatment at versusA = —0.06
follow-up +0.11 %, p <
increased the 0.04), and the
likelihood of in- distance from the
dividuals crestal alveolar
achieving dia- bone to the
betes control by cemento-enamel
5% and 3 % at junction (A =
the HbAlc <7 % -0.75 £ 0.7
and HbAlc < 9 versusA = 0.09
% thresholds, + 0.4 mm, p <
respectively. 0.0006) in the
Soder 2014  Prospective - Increased dental - Study lacked treatment group
cohort study calculus score other metrics Tonetti 2007  Parallel-group, - Twenty-four - Lack of
was significantly known to be single-blind, hours after longitudinal
associated with risks for heart randomized, treatment, flow- follow up
mortality from infarction, such controlled trial mediated dilata- (capped at 180
heart infarction. as body mass tion was signifi- days post-
index, and cantly lower in treatment).
serum lipid the intensive-
values. treatment group
Vidal 2013  Interventional - Periodontal - Small than in the
prospective therapy reduced population control-
cohort study median values of study (26 treatment group
SBP and DBP by individuals). (absolute differ-
12.5 mmHg and ence, 1.4 %; 95 %
10.0 mmHg, confidence inter-
respectively. val [CI], 0.5 to
- Levels of CRP, IL- 2.3; P = 0.002)
6 and fibrinogen - The degree of
lowered by 0.5 improvement
mg/dL, 1.4 pg/ was associated
dL and 37.5 mg/ with
dL (p < 0.01), improvement in
respectively, 6 measures of
months after periodontal
periodontal disease (r = 0.29
therapy. by Spearman
Bokhari 2012  Single blind, - The number of - Lack of lipid rank correlation,
parallel arm subjects with fractions. P =0.003).
randomized CRP > 3 mg/L in D’Aiuto 2005  Three-arm - Two months - Small study
controlled intervention preliminary following population (65
clinical trial group decreased randomized intervention, individuals).
by 38 % and in trial treatment
control group esulted in
increased by 4 %. significant
Yakob 2012  Prospective - Periodontitis - Small study reductions in
cohort study found to be population (134 serum CRP
major predictor individuals). compared with
of higher arotid the untreated
artery intima- control (0.5 +
media area 0.2 mg/L for
(cIMA), a metric SPT, P = 0.030
of carotid and 0.8 + 0.2
atherosclerosis mg/L for IPT, P
(odds ratio, 3.82; = 0.001).
95 % confidence - Intensive
interval, treatment group
1.19-12.26) showed a
Fajardo 2010  Controlled, - Significant - Small study decrease in total
double blind improvements population (38 and LDL
randomized were observed in individuals). cholesterol after
clinical trial cholesterol levels 2 months.

(A=-585+




S. Hopkins et al.

antibiotic coverage, it is difficult to define intervention and control
groups. This is compounded by the wide-ranging spectrum that is peri-
odontitis, as any defined treatment modality would either be too
aggressive or insufficient to meet each patient at their individual level of
periodontal disease. Third, a trial would require a very large sample size
to detect any potential effect of periodontitis on CVD risk [106,107]. In
the interim, using causal inference methods on large clinical databases
can continue to further understanding of the relationship between
periodontitis and CVD [89,108]. Finally, a true case-control treatment
study may not be possible for ethical reasons.

11. Future research

Studies support a link between oral health and CVD, but causality
remains elusive. A longitudinal assessment of periodontal health and
assessment of CVD surrogate such as inflammatory markers and changes
in periodontal parameters would further support a causal relationship
between periodontitis and CVD. Prospective interventional studies are
necessary to further evaluate the theory that periodontal treatment may
reduce the risk of CVD. Specifically, literature quantifying the impact of
periodontal therapy on CVD hard endpoints such as myocardial infarc-
tion or stroke are warranted. Given the significant overlapping lifestyle
risk factors shared in both periodontitis and CVD, any future research
must control for confounding variables.

12. Conclusion

Available data strongly suggest that periodontitis may have overall
health consequences, specifically pertaining to CVD and associated di-
agnoses. Significant evidence exists that periodontal therapy may
contribute to improved outcomes in these pathologies, largely due to
decreased systemic inflammation. Prospective studies are warranted to
confirm these findings and further guide clinical practice for the man-
agement of periodontitis in regard to CVD risk and outcomes. The high
prevalence of periodontitis in populations, the disease that is fully pre-
ventable with proper oral hygiene practices, emphasizes the need for
further evidence on these associations (Table 1).
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