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ABSTRACT

Cardiovascular diseases (CVDs) are inflammatory diseases of coronary arteries accompanying atheroma forma-
tion that can spawn impairment and, in severe cases, death. CVDs are the leading cause of death in the world.
In recent decades, investigators have focused their impact on CVD by periodontal disease (PD). PD is a risk factor
that can trigger the formation, maturation, and instability of atheroma in the arteries. Two mechanisms have
been proposed to explain this relationship: periodontopathic pathogens explicitly invade the circulation or indi-
rectly increase systemic levels of inflammatory mediators. It has been suggested that improvement in disease
state has a positive effect on others. This review summarizes evidence from epidemiological studies as well as
researches focusing on potential causation channels to deliver a comprehensive representation of the relation-
ship between PD and CVD.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death
worldwide, claiming an estimated 17.9 million lives each
year. CVD is an encyclopedic term for heart and blood ves-
sel disorders. Atherosclerosis is an underlying cause of CVD.
Atherosclerosis is a chronic vascular inflammatory condition
characterized by lipid deposition (plaque) in the arterial wall
(1). Atherosclerotic formation and its advancement could
diminish arterial blood flow and cause ischemia in tissues or
organs, as well as endorse clotting.

Onthe bright side, cardiovascular mortality has decreased.
If combating infectious diseases was the public health suc-
cess story of the first half of the 20th century, then the
decline in mortality rates from CVD is the success story of the
last four decades: a sharp decline in mortality rates, aided by
rapid advances in both areas of prevention and treatment,
including drastic reductions in smoking, improvements in the
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treatment and control of hypertension, and the widespread
use of statins.

Periodontitis is the sixth most common disease in humans,
affecting 740 million people worldwide. Periodontitis is a
bacterially induced chronic tissue destructive inflammation
of the teeth. This periodontal microbiota causes the release
of proinflammatory mediators both locally and systemically.
As the paradigm of chronic infection in dental pathology,
periodontal disease (PD) shares several pathogenic pathways
with CVDs. As a result of the low-grade state of systemic
inflammation posed by periodontitis, it is considered to be
strongly associated with CVDs (2).

There is robust association between CVD and PD. The
delineating focus of the relationship has been the periodon-
tal pathogens from the oral cavity, which directly exacerbate
CVD in which chronic periodontal inflammation at the site of
infection increases circulating levels of inflammatory media-
tors, and bacteria dispersed into the circulation provokes
host inflammatory arbiter, which unswervingly alters other
systemic diseases.

Several studies have been conducted to determine
whether PD is associated with risk factors for CVD (3).
C-reactive protein (CRP), homocysteine, fibrinogen, high-
density lipoprotein cholesterol (HDL-c), and low-density
lipoprotein cholesterol (LDL-c) have all been studied as CVD
markers (4,5).

From a public health standpoint, CVD is the most sig-
nificant of all the systemic conditions associated with
PD, accounting for high mortality rates in most countries.
Because multiple intervention studies, meta-analyses, and
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systematic reviews have been published in this area, this
review aims to answer the following questions: Is there a
link between CVD and periodontitis? What does the litera-
ture tell us after more than two decades of research, and
why is this such a difficult question to answer? What does
the Bradford-Hill criteria suggest about this unique associa-
tion? What are our current circumstances, and what are our
prospects for the future?

Mechanism and etiopathogenesis

To explain how PD influences CVD, two mechanisms have
been proposed. First, periodontopathic flora directly annex
endothelial cells via a direct mechanism (6). Polymerase
chain reaction assays for atherosclerotic plaques support
this theory. Streptococcus mutans was found to be the most
common bacteria in cardiovascular specimens contain-
ing thrombus tissues (78%), followed by Aggregatibacter
actinomycetemcomitans (7). Other bacteria found in ath-
erosclerotic lesions in coronary arteries include Tannerella
forsythia, Prevotella intermedia, and predominantly
Porphyromonas gingivalis. Still, it remains unclear how
the existence of periodontopathogenic organisms impacts
atherosclerosis intracellularly, but few pathogens, such as

DIRECT Pathway:
Invasion of Periodontopathic pathogens

INDIRECT Pathway:
Leakage of Inflammatory cytokines in
the circulation.

Entry of

Association between cardiovascular diseases and periodontal disease

P. gingivalis, may induce formation of foam cells or tenacity
in cells, resulting in tributary inflammation and endothelial
dysfunction (8,9).

The second proposed mechanism is the indirect path-
way where PD causes increases in the levels of inflamma-
tory cytokines. PD induces an inflammatory response, which
results in elevation in levels of various inflammatory media-
tors, including interleukin 8, interleukin 6, interleukin 1 and
tumor necrosis factor, which are also linked to atheroscle-
rotic vascular disease. Some can speed up the production
and emission of fibrinogen and CRP. Moreover, bacterial lipo-
polysaccharides plunge the flow and elicit strong immune
response (Fig. 1). These elements influence atherosclerosis
by acting on endothelial cells, increase the oxidative stress,
and harmonize the lipid metabolism. This is confirmed by a
previous study in which endothelial dysfunction was found in
patients with periodontitis.

To jot down, it is intelligible that due to PD, inflammation
persuades which can immigrate the periodontopathic organ-
isms or leak out the inflammatory cytokines into the circula-
tory system which might either lead to systemic inflammation
or periodontal pathogens may end up in vascular tissues
(Fig. 2) which has a final ultimatum — formation, maturation,
and exacerbation of atheromatous plaque.
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Epidemiological studies and literature review of the
PD and systemic disease connection

Certainly, contemporary evidences have imparted useful
knowledge on common biomarkers of CVD and PD, which
has prognostic as well as diagnosing aptitude to crucially
decrease the menace of abominable cardiac episode in an
untimely manner (Tab. I).

Cross-sectional and case-control studies

Genco and colleagues investigated the link between
certain subgingival periodontopathogens and myocardial
infarction (Ml) (20), comparing 233 controls with 97 nonfa-
tal Ml patients. Noninfected individuals were compared with
infected individuals. For MI, odds ratio for the presence of
T. forsythia was 2.99 and for P. gingivalis was 2.52. These
results support the idea that specific pathogenic bacteria
found in PD may also be associated with MI.

Arbes et al (NHANES Ill) studied the relationship between
PD and coronary heart disease (CHD) and found that with
increase in the severity of periodontitis the likelihood of
suffering an Ml increased. The study thus confirmed with
other studies the link and displayed an undeviating robust
association amidst increased severity of periodontitis and
CVD (21).

Longitudinal studies

DeStefano and colleagues reviewed NHANES-I data as
well as a 15-year epidemiologic follow-up. They discovered
periodontitis was one significant predictor of CVD in 9,760
men and women (22). These relationships were unaffected
by age, gender, body mass index, education, marital status,
poverty index, race, blood pressure, alcohol consumption,
diabetes status, and serum cholesterol levels.

Beck and coworkers conducted a study of 921 men who
did not have coronary artery disease at baseline. A total
of 40 had stroke, 59 died of coronary artery disease, and
207 men developed coronary artery disease during an
18-year follow-up period. Odds ratios for total periodontal
bone loss and CHD, fatal CHD and stroke, CVD risk factors
and age were 1.5, 2.8, and 1.9, respectively. Accordingly,
the odds of suffering a vascular event or CHD were 0.5-2.8
times higher in individuals with radiographically proven
periodontitis (23).

Hujoel et al conducted a longitudinal study that found no
link between chronic heart disease and periodontitis (24).
These authors evaluated the NHANES-I study and the results
of their 21-year follow-up. It is worth noting that DeStefano
et al (22) used the same database and discovered a link
between CVD and PD in NHANES-I study 15 years later.

Hujoel et al adjusted extensively for potential confound-
ers, which may have explained the lack of a relationship after
adjustment (24). Hujoel et al may have adjusted too heavily for
factors strongly associated with infection, such as PD. It is also
possible that periodontal status of subjects was significantly
misclassified over time. In addition, because of treatments
and extractions over time, the authors may have misclassified
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subjects who had PD at baseline. The misclassification being
non-differential, which would have been worsened through
21-year follow-up period, could brace the null hypothesis of
the research that there is no link between CVD and PD.

Joshipura and colleagues discovered that after controlling
for other risk factors, the association between self-reported
history of PD and incidence of heart disease was no longer
significant (25). However, these researches merit further dis-
cussion as they were derived from a well-characterized, large
longitudinal study. The majority of studies that found a cor-
relation discovered that the amount of PD was significant. It
would be impossible to quantify the extent of PD present in
Joshipura’s research as they answered a “yes or no” query
about PDs. Furthermore, discrepancy based on self-reported
PD is possible.

The most recent longitudinal study, published by Howell
and colleagues (26), was a double-blind, randomized, pla-
cebo-controlled trial of beta-carotene and aspirin for the
prevention of CVD and cancer in the United States in 22,071
male physicians. The study outcomes were nonfatal Ml,
stroke, and death from CVD. After controlling for the treat-
ment and age (beta-carotene and aspirin), the researchers
discovered a positive non-significant trend (95% confidence
interval [Cl], relative risk [RR] = 1.13).

Although most evidence from case-control and longi-
tudinal researches advocates a link between CVD and peri-
odontitis, the link seems to be dwindling. There is insufficient
evidence to conclude that the associations are contributory.

Observational studies: from systematic review to
meta-analysis

Scannapieco et al (27), in a comprehensive systematic
review, concluded that there is moderate evidence of a rela-
tion between MlI, CVD, atherosclerosis, and PD, but the cau-
sation was uncertain.

Khader et al (5), in a meta-analysis, combined two cross-
sectional studies and six cohort and found a lower RR of 1.15
(95% CI [1.06-1.25]).

Nine cohort researches compiled by Janket et al (28) in a
meta-analysis suggests that, for future CVD and cyclic vomit-
ing syndrome episodes, PD is a determined risk factor and
discovered that chronic periodontitis patients had a 19%
surged peril for advancing such events. People under the age
of 65 were at a higher risk (44%).

Another meta-analysis of observational studies by
Alessandra Blaizot et al investigated the relationship between
CVD and periodontitis exposure (29). Researches done
between 1989 and 2007 were recovered from seven data-
bases via electronic and manual searches. The MOOSE meta-
analysis guidelines for observational studies were followed
(30). There were 47 observational studies among the 215 epi-
demiological studies, 29 of which could be combined using
meta-analysis methodology. There was increased risk (about
34%) of developing CVD in individuals having periodontitis
than in individuals who are not exposed with periodontitis,
where 1.34 was the RR of these seven cohort researches
(p=0.0001). This finding suggests that people with Parkinson’s
disease are at higher risk for developing CVD.
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Interventional studies

Owing to many factors, for example, financial, ethical,
or methodological, the periodontal intervention and its effi-
cacy as primary prevention for CVDs such as Ischemic Heart
Disease (IHD) and death haven’t yet been studied (50).

Consequently, CVD proxy markers have been thoroughly
investigated, and periodontal intervention shows substantial
effect on these markers, as shown in Table II. There is limited
affirmation on durable effect of periodontal intervention on
these proxy markers. In addition, the impact of periodontal
intervention on the scientific conclusions of these markers of
CVD remains to be still investigated.

Previous research has found that rigorous periodontal
intervention transiently impairs the endothelial function role,
which raises levels of serum inflammatory markers, prob-
ably due to liberation of inflammatory mediators or bacterial
organisms in bloodstream. Nevertheless, after a few weeks of
periodontal intervention the levels of inflammatory makers
and periodontal parameters also seem to lower or decrease
(51-54). Furthermore, 6 months after periodontal treatment,
carotid intimal-medial thickness is reduced. Several interven-
tions and researches have been done as shown in Table I,
which has been published in the past few years, and they all
brace up for the hypothesis that periodontal intervention
reduces cardiovascular risk factor and thus has an impact on
CVD events (55).

Imminent interventional studies are required toward
better understanding of the association between PD and
CVD, mainly the biological effects of PD on the atherogenic
cascade by influencing the vascular endothelium. Further
enduring intervention researches are needed, ideally utilizing
similar methods to assess CVD events, to determine whether
the reported benefits of periodontal intervention can actu-
ally decipher the reduction in incidence of CVD.

Microbiological studies

Clinically, it is extremely strenuous to determine the
causal agent of atherosclerosis. First, endothelial damage
advances by masking the causative agent and progresses
without symptoms. Second, multiple contributing factors
cause atherosclerosis, and these influencers may coexist,
making it difficult to determine the causative factor (56,57). In
addition, studies of interventions have shown mixed results.
Sometimes after periodontal intervention there is enhance-
ment, whereas sometimes there is brief deterioration of the
symptoms and sometimes there is no change.

However, seven rules must be met for promoting athero-
sclerosis by the periodontal pathogens, which are enlisted
below (50).

Evidence 1: Systemic vascular tissues can provide a path-
way for periodontal pathogens. Numerous researches have
demonstrated that periodontopathic bacteria could cause
bacteremia by entering the systemic circulation (50,58-
60,62). A previous systematic review found that bacteremia
after periodontal procedures could be atop 50% (63,64).
Table 1l summarizes the prevalence of periodontopathic
pathogens in systemic circulation after periodontal interven-
tion in atheromatous lesions, with and without periodontal
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procedures in periodontitis patients. Following periodontal
procedures, periodontopathic organisms may infiltrate the
circulation, being a determinant of atherosclerosis.

Evidence 2: Affected tissues accommodate periodontal
pathogens. Several studies have provided sufficient evidence
that DNA, RNA, and antigen sequencing can be used to iden-
tify different periodontal species in atheromatous lesions
(65-67). Analysis shows that periodontitis patients are at
increased risk for emergent atherosclerosis.

Evidence 3: In the affected site, live periodontal patho-
gens will be present. This proof requires the detection of live
periodontopathic bacteria. Live A. actinomycetemcomitans
and P. gingivalis were isolated from atherosclerotic samples
in multiple studies (68,69).

Evidence 4: Invasion of the affected cell with in vitro evi-
dence. Several in vitro researches show periodontopathic
organisms can invade various types of host cells. According
to many studies P. gingivalis is responsible for infiltrating the
endothelial cells in studies, the significance as well as the
mechanism of the specific strain type are being investigated
further (70-72).

Evidence 5: Provides indication that periodontal patho-
gen can encourage atherosclerosis in diseased animal model.
In 2012, the European Federation of Periodontology and the
American Academy of Periodontology published a review
that found proof that periodontal pathogens can endorse
atherosclerosis (56). P. gingivalis is shown to promote ath-
erosclerosis in murine (73), rabbit (74), and pig models (75).
Furthermore, when hyperlipidemic mice were orally infected
with Fusobacterium nucleatum, T. forsythia, P. gingivalis,
Treponema denticola, and other expedient organisms from
this specific class were found in aorta, atherosclerotic plaque,
and oral epithelium (76,77).

Evidence 6: Pathology is significantly less when caused
by noninvasive mutants, according to in vitro and in vivo
evidence where the incursion of vascular cells and tissues
by bacterial strains is been investigated. Noninvasive fimA-
deficient mutant of P. gingivalis exhibits fewer proinflam-
matory mediators than the invasive wild-type strain of
P. gingivalis (73).

Evidence 7: Fulfill a modified version of Koch’s postulate
to show that a human atheroma isolate causes disease in ani-
mal models. To do this, isolate the periodontopathogen from
a human atheroma and induce atheroma formation in an ani-
mal model after inoculation. P. gingivalis were isolated from
atherosclerotic samples. There is also evidence that suffused
pathogenic bacteria can cause atherosclerosis. The evidence
is still, however, considered incomplete as the bacterial strain
utilized were not isolated from human atherosclerotic sam-
ples (68,76,77).

Apart from Evidence 7, there are abundant researches
available to support Evidences 1 to 6. Nonetheless, the first
six proofs embrace the notion that periodontal pathogens
are linked to CVD.

Neoteric substantiation of CVD and PD

Febbraio et al (88) concluded that there is an associa-
tion between oral health and CVD, but causality has yet
to be established. However, studies show improvements
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in cardiovascular risk factors following periodontal treat-
ments, although with relatively short follow-up periods.
Rational evidence suggests that good oral health contrib-
utes to overall and heart health. The best bet is to continue
to remind patients that a healthy mouth contributes to a
healthy heart.

Fazal et al (19) concluded that Non Surgical Periodontal
Therapy (NSPT) lowers cardiac biomarker concentrations
in patients with chronic periodontitis and may reduce the
risk of CVD in the future. However, Paul et al (89) suggest a
contradictory result in a review that therapeutic periodontal
interventions cannot be used to prevent heart disease or
stroke.

Larvin et al (90) found an increased risk of CVD in people
with PD in a systematic review and meta-analysis. Males and
people with severe PD are at the highest risk of developing
CVD, indicating potential target populations for future public
health interventions and inspection.

In a cross-sectional observational single-center study,
Lazureanu et al (91) concluded that increasing patients’
awareness of oral healthcare measures resulted in better
outcomes and improved oral-health-related quality of life.

In a 13-year follow-up study, Tiensripojamarn et al (92)
show that severe periodontitis is linked to a higher incidence
of CHD, independent of existing cardiovascular risk factors.

Periodontitis Grade B/C was linked to a higher overall
cardiovascular risk, and this association was not explained
by smoking confounding in participants aged 65-74 years,
according to Petrenya et al (93). They also recommended that
patients with periodontitis, particularly those with extensive
alveolar bone loss, use NORRISK 2 score for cardiovascular
risk assessment. Individuals with a high cardiovascular risk
profile should have routine periodontal examinations. In
addition to adequate, evidence-based periodontal interven-
tion, cessation of smoking and blood pressure normalization
are essential in lowering cardiovascular risk in individuals
with PD.

What do the Bradford-Hill criteria imply for the
relationship between CVD and PD?

The Canadian Dental Hygienists Association (CDHA) pub-
lished a position paper that used the Bradford-Hill criteria to
determine whether there is sufficient evidence for a causal
relationship between PD and CVD (87). The Bradford-Hill cri-
teria analysis found no evidence of a link between PD and
CVD. Although the link between PD and CVD is well estab-
lished, the findings of the CDHA'’s recent position paper show
that, while an association exists, the nature of that link is
unknown, and there is insufficient evidence for that associa-
tion to be causal at this time.

Conclusion

Epidemiologic researches have now substantiated that
there may be a link between PD and CVD. Although research
continues to point to a connection between CVD and oral
health, causality has not yet been established. Despite
the fact that the follow-up times in most studies are brief,
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numerous studies show an improvement of CVD risk factors
after periodontal interventions. The association of good oral
health and general and heart health is proved by reasonable
evidence.

In the coming decades, medical and dental profession-
als must be capable of better planning of preventive inter-
ventions as constant researches approve and account the
forte of the consortium between CVD and PD. Scientific data
assembled thus far would seem to support the continued
value of interventional periodontal therapy not just for oral
health but for overall health as well.
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