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A B S T RA  C T
INTRODUCTION: Periodontal disease (PD) and cardiovascular diseases (CVD) are among the most common patholo-
gies in the world and their relationship has long been studied. Both conditions lead to a chronic inflammatory process 
with degenerative characteristics and their biunivocal correlation is now well established. The aim of this umbrella review 
on cardiovascular and periodontal disease was to evaluate the real degree of association between these two pathological 
conditions.
EVIDENCE ACQUISITION: We conducted a comprehensive literature search on PubMed/Medline and in the Cochrane 
Library for systematic reviews focused on clinical evidence regarding the relationship between PD and CVD. The in-
ternal validity of systematic reviews and meta-analyses was formally analyzed using the Overview Quality Assessment 
Questionnaire (OQAQ) Tool. The umbrella review was planned in accordance with current international recommenda-
tions and was described as specified by the PRISMA Guidelines.
EVIDENCE SYNTHESIS: Thirty-one systematic reviews, including 8 meta-analyses for a total of 507 clinical studies 
and over 3,549,966 patients were included. PD resulted to be associated with a higher risk of developing CVD (acute 
coronary syndrome, acute myocardial infarction) and cerebrovascular diseases (ischemic stroke); however, if the treat-
ment of periodontitis reduces the risk of CVD events related is yet to be investigated.
CONCLUSIONS: To date, the relationship between CVD and PD provides heterogeneous data. There is an association 
between PD and CVD, but a causal relationship cannot be established. Further research with properly designed long-term 
follow-up studies are needed in order to examine various physiopathological aspects of their association.
(Cite this article as: Peruzzi M, Covi K, Saccucci M, Pingitore A, Saade W, Sciarra L, et al. Current knowledge on the asso-
ciation between cardiovascular and periodontal disease: an umbrella review. Minerva Cardiol Angiol 2022;70:000-000. DOI: 
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Introduction

Periodontal disease (PD) is an infectious-in-
flammatory disease that arises from the loss 

of balance between the commensal oral microbi-

ome and the host response, which promotes tis-
sue damage and prevents an effective bacterial 
clearance.1

Periodontitis is associated with a predomi-
nantly gram-negative infection.
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risk factor, it can be considered as a trait d’union 
between PD and CVD.

Therefore, the aim of this umbrella review was 
to exclusively evaluate the association between 
PD and CVD. This correlation is demonstrated 
by multiple systematic reviews and meta-analy-
sis, but more studies are needed to further deep-
en the results. It is important to specify that the 
word “association” does not necessarily mean a 
causal relationship, but it refers to a still not well-
known link between the two diseases.

Evidence acquisition

Protocol

This umbrella review was performed according 
to current international recommendations12-14 
and PRISMA Guidelines (Preferred Reporting 
Items for Systematic Reviews and Meta-Analy-
ses).15

Bibliographic search and study selection

We conducted a comprehensive literature search 
in PubMed/Medline and in the Cochrane Library 
directed to identify systematic reviews focused 
on clinical evidence regarding the relationship 
between cardiovascular and periodontal disease. 
In particular, we used the following search string 
in PubMed/Medline: (“periodontitis” OR “peri-
odontal disease” OR “periodontal diseases” OR 
“periodontal” OR “periodontology” OR “peri-
odontal therapy” OR “periodontal treatment” 
OR “periodontics”) AND (“cardiovascular dis-
ease” OR “cardiovascular diseases” OR “car-
diovascular” OR “cardiovascular problems” OR 
“myocardial infarction” OR “stroke” OR “ath-
erosclerosis” OR “heart” OR “heart disease”) 
AND (“association”). This research was up-
dated from November 2007 to December 2021. 
The keywords were combined to get the most 
results. We included in this umbrella review all 
the systematic reviews and meta-analyses fo-
cused on various aspects of cardiovascular and 
periodontal diseases (epidemiology, risk factors, 
pathophysiology, diagnosis, prognosis, thera-
pies, etc.). All the resulting studies were initially 
considered suitable, with the exception of those 
in non-English language.

Periodontitis is associated with a predomi-
nantly gram-negative infection. However, there 
is evidence that the destruction of periodontal 
tissue is mediated by the host response. Despite 
the many clinical presentations of PD, the diag-
nosis of periodontitis is graded upon severity and 
rate of progression of disease rather than patho-
genesis.2

The global prevalence of PD is difficult to 
evaluate due to the studies heterogeneity, even 
though a relative higher pooled prevalence of 
aggressive PD was found in Africa and South 
America rather than Europe.3 Ikeda et al. dem-
onstrated that healthy individuals and peri-
odontitis patients showed not only a different 
microbial composition, but also different genes 
expression and metabolic pathways.4 It is known 
that the relationship between bacteria and host 
is bidirectional, indeed bacteria induces inflam-
mation, while inflammation modifies the growth 
environment causing shifts in the microbiome 
composition.1 This exchange of consequences 
is not limited to the oral cavity. Recently, it has 
been evidenced that the oral cavity is the second 
largest microbiota in the human body, with about 
500 different bacterial species identified to date 
that play a fundamental role in the human health 
regulation and pathologies determination.5 Oral 
dysbiosis is not only involved in periodontal dis-
orders, but also in metabolic ones, including car-
diovascular disease (CVD).6 At the same time, 
today CVD mortality and morbidity represent a 
huge disease and economic burden on the soci-
ety,7 with ischaemic heart disease, stroke, hyper-
tension (leading to heart failure), being the major 
cause of CVD related deaths.8 Therefore, PD and 
CVD are among the most common diseases in 
the world that cause chronic inflammation with 
degenerative characteristics.9 Chronic inflamma-
tion is characterized by an increase in the inflam-
matory cytokines’ level, which causes a weaken-
ing of the immune system function, thus increas-
ing the risk of atherosclerosis and insulin resis-
tance, which are the main triggers for developing 
CVD.10 In literature, the association between PD 
and diabetes is well-documented in an umbrella 
review by Seitz et al.,11 whereas the association 
between PD and CVD is currently less investi-
gated. Since diabetes is also an important CVD 
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ease (clinical,17, 21, 22 microbiological,17, 23, 24 im-
munological,17, 18, 25-27 pathophysiological,28-39 
risk of onset22 and treatment19, 40, 41) and differ-
ent manifestations of cardiovascular diseases 
(coronary heart disease,9, 18, 25, 42, 43 atherosclero-
sis,17, 27, 41 atherothrombosis21 stroke,28, 29, 31, 32, 35 

Data extraction and qualitative evaluation

Salient data regarding the study methodology, 
the pathologies analyzed, the results reported, 
and their interpretation were extracted for each 
systematic review (Supplementary Digital Ma-
terial 1: Supplementary Table I, Supplementary 
Table II). The internal validity of systematic re-
views and meta-analyses was formally analyzed 
using the OQAQ (Overview Quality Assessment 
Questionnaire) Tool16 (Supplementary Digital 
Material 2: Supplementary Table III, Supple-
mentary Table IV). We extracted salient features 
of the reviews included and the results have been 
summarized in a tabular form.

Results

Revision

PubMed search allowed the selection of 3067 re-
sults with the keywords entered and combined. A 
further systematic review17 included by Seitz et 
al.11 was added from a literature search. Select-
ing the type of studies, 111 publications includ-
ing systematic reviews and meta-analyses were 
reviewed. Of these, 76 were excluded by title, 
abstract, year of publication, lack of full text 
and duplicates. The full text of the 35 remaining 
articles was appraised and 5 more articles were 
excluded since they were narrative reviews, not 
related to the topic or non-English articles. Fi-
nally, 31 articles where included, as showed in 
Figure 1 (PRISMA diagram).

Main results in included reviews

Among the 31 selected articles, 11 are system-
atic reviews, 8 are meta-analyses, and 12 are 
both systematic reviews and meta-analyses, for 
a total of 507 studies and over 3,549,966 patients 
included (Supplementary Table I-IV). The search 
results pointed out the association between PD 
and cardiovascular diseases (Figure 2). In this 
regard, PD may be a CVD risk factor18, 19 and, at 
the same time, the worse cases of PD and tooth 
loss are more frequent in patients affected by ath-
erosclerosis17 hypertension20 and peripheral arte-
rial disease than in controls. The evidence shows 
links between various issues of periodontal dis-

Figure 1.—PRISMA flowchart with the selection of the sys-
tematic reviews and meta-analysis included in the umbrella 
review.

Figure 2.—Correlation between periodontitis and athero-
sclerotic cardiovascular disease.
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the following criteria: diagnosed coronary ar-
tery disease, angina pectoris, acute myocardial 
infarction, stroke or mortality caused by cardiac 
pathology; although most of the published stud-
ies found a positive association between AP and 
CVD, the quality of the evidence was low, and 
a causal relationship cannot be established.46 
Blaizot et al. conducted a meta-analysis on epi-
demiological and observational studies conclud-
ing that the risk of developing CVD appeared to 
be approximately one-third greater in subjects 
affected by PD compared to healthy individuals. 
Moreover, the study pointed out that Scandina-
vian and American populations showed limited 
correlation between PD and coronary heart dis-
eases respect to Europeans. Although previous 
trials suggested a causal relationship between 
PD and CVD, this meta-analysis cannot answer 
the question of whether treating the PD is able 
to reduce the risk of CV events.19 The aim of 
the systematic review updated in 2017 and re-
analyzed in 2019 by Liu et al. was to investigate 
the effects of periodontal therapy in preventing 
CVD occurrence in patients with chronic peri-
odontitis.47 Regarding primary prevention of 
CVD, the authors identified insufficient evidence 
to support that PD therapy can prevent long-term 
CV events recurrence. No rugged data on sec-
ondary prevention of CVD was found. Li et al. 
investigate the effects of periodontal therapy in 
preventing the occurrence of CVD in patients 
with chronic periodontitis including as eligible 
randomised controlled trials (RCTs) and quasi-
RCTs. The authors found insufficient evidence to 
support whether periodontal therapy can prevent 
CVD in the long term in patients with chronic 
periodontitis.47, 48

In a recent systematic review Larvin et al. 
demonstrated an increased risk of CVD in peo-
ple with PD.42 Males and people with severe PD 
have the highest risk of developing CVD sug-
gesting that population-targeted interventions 
could be beneficial.43

Periodontitis and arterial stiffness

Endothelial cells play a fundamental role in vas-
cular homeostasis. Inflammations causes increase 
in vascular permeability and imbalance in the syn-
thesis/secretion of vasodilating substances (nitric 

myocardial infarction,23, 38 peripheral arterial oc-
clusive disease,22, 30, 37 hypertension,20, 40 thick-
ness and flow mediated dilation of the intima-
media carotid,26, 39 abdominal aortic aneurysm,24 
arterial stiffness11 and carotid atherosclerosis39). 
Despite the evidence showing a strong associa-
tion between the two pathologies, currently there 
is no clear causal relationship between the two 
diseases and further investigations are needed in 
order to better define the physiopathological as-
pects of this correlation.

Summary of results

This umbrella review did not reveal a strong, un-
questionably cause/effect relationship between 
PD and CVD. However, it is possible to con-
clude that periodontitis and CVD are linked by a 
bidirectional association (Supplementary Digital 
Material 3: Supplementary Table V). In fact, PD 
may be a risk factor for the onset of CVD18, 19 
and worse stages of PD are noted in patients with 
atherosclerosis,17 hypertension20 and peripheral 
arterial disease.44

Periodontitis and cardiovascular diseases

Cardiovascular diseases are known to be a ma-
jor cause of death worldwide and the number of 
patients with CVD has grown over the years.45 
CVD are caused by multiple determinants that 
can be divided into un-modifiable and modifi-
able risk factors. Among the main modifiable 
traditional cardiovascular risk factors there are 
hypertension, diabetes mellitus, hypercholester-
olemia, obesity, and smoking; all possible targets 
for pharmaceutical intervention in order to lower 
the global cardiovascular risk. Inflammation is 
one of the fundamental processes in numerous 
diseases and key mechanisms underlying the 
development of CVD. Periodontitis (PD) is a 
chronic oral inflammatory disease resulting in a 
deregulated local and systemic inflammatory re-
sponse. Several studies suggest a relationship be-
tween CVD and PD focusing mostly on the role 
of common inflammatory pathways linking the 
two pathological conditions, however whether 
the association is causal is still debated.8 Berlin-
Broner et al. conducted a systematic review to 
assess the link between apical periodontitis (AP) 
and CVD confirmed by the presence of one of 
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severity of PD and independent from other con-
founders such as smoking or diabetes. However, 
the mechanism linking these conditions is not yet 
well understood and other studies are needed to 
define more conclusive results.39

Periodontitis and atherosclerosis

Atherosclerosis is a multifactorial inflamma-
tory process of the cardiovascular system and 
represents the key mechanism underlying the 
development of CVD.52 Atherosclerosis is now 
considered a chronic inflammatory disease of 
blood vessels and is characterized by a maladap-
tive immune response resulting in the formation 
of lipid-rich, inflamed plaques.53 Atherosclerotic 
cardiovascular diseases (ACVDs) include coro-
nary heart disease (angina, myocardial infarc-
tion), ischemic cerebrovascular disease (stroke/
transient ischemic attack), and peripheral arterial 
disease.54 The causes of ACVDs are complex 
but several studies suggested that PD could ex-
acerbate atherosclerosis, thus reinforcing the hy-
pothesis of a link between the two pathological 
conditions. In their systematic review, Almeida 
et al. aimed to assess the association between 
periodontitis and atherosclerosis in adults con-
cluding that there is a relationship between the 
two diseases, with increased levels of inflamma-
tory markers, mainly C-reactive protein and in-
terleukin 6 (IL-6).55 Navarro et al. documented 
that patients with ACVDs present a worse oral 
hygiene and fewer teeth concluding that there is 
an association between ACVDs and chronic api-
cal periodontitis.21 In their systematic review and 
meta-analysis Roca-Millan et al. analyzed the ef-
fects of periodontal treatment on cardiovascular 
risk parameters in patients with ACVDs. The 
clinical trials analyzed suggested that periodontal 
treatment has a beneficial effect on some of the 
biochemical parameters considered to represent 
cardiovascular risk (C reactive protein, TNF-
alpha, IL-6, fibrinogen and leukocytes), but the 
magnitude of this intervention is still unknown.41 
Finally, Teeuw et al. demonstrated that periodon-
tal treatment increases endothelial function and 
reduces biomarkers of atherosclerotic disease, 
especially in subjects with co-morbidities (CVD 
and/or diabetes), suggesting that treating PD may 
improve the patients’ atherosclerotic profile.27

oxide and prostacyclin) and vasoconstrictor (en-
dothelin 1, thromboxane and angiotensin II).48 
Vascular endothelial dysfunction has been asso-
ciated to traditional risk factors for atherosclero-
sis (including age, hypertension, dyslipidaemia, 
diabetes, smoking, obesity), so as to cardiovas-
cular and cerebrovascular diseases and infectious 
and inflammatory processes, such as periodontal 
disease. Several studies demonstrated that PD is 
related to endothelial dysfunction, atherosclero-
sis and CVD.49 Arterial stiffness is considered a 
marker of arteriosclerosis and a CVD risk fac-
tor.50 A number of studies have used pulse wave 
velocity (PWV) as a measure of arterial stiffness. 
Schmitt et al. conducted a literature systematic 
review on clinical studies using PWV to assess 
arterial stiffness in patients with periodontitis, 
concluding that even if patients with periodontitis 
appear to have higher values of PWV compared 
to controls, the effect of periodontal treatment on 
arterial stiffness still remains unclear.34 Nicolosi 
et al. conducted a study to determine possible 
differences in arterial stiffness and endothelial 
function parameters between patients with and 
without severe PD. The study findings revealed 
worse parameters of arterial stiffness and endo-
thelial dysfunction in patients affected by PD and 
a moderate correlation between these results and 
the clinical features. Arterial distensibility (mea-
sured by compliance) was not correlated with 
endothelial function.51 In their systematic review 
and meta-analysis Orlandi et al. investigated the 
association between carotid intima-media thick-
ness (c-IMT), flow-mediated dilatation (FMD) 
and periodontitis. The authors assessed the ef-
fect of periodontal treatment on c-IMT and FMD, 
concluding that an association exists between in-
creased c-IMT, impaired FMD and PD. Indeed, 
findings from the analysis of 3 randomized con-
trolled trials supported a protective role of PD 
treatment on FMD, probably due to the improve-
ment in endothelial fuction.26 The association 
between PD and carotid atherosclerosis has also 
been evaluated in the meta-analysis published by 
Zeng et al., including fifteen observational stud-
ies and 17,330 participants. The patients affected 
by PD reported significantly higher prevalence 
of carotid atherosclerosis. Moreover, this asso-
ciation appeared to be directly proportional to the 
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sion.40 However, the limited availability of pro-
spective studies does not allow drawing defini-
tive conclusions on the causative involvement of 
PD, so questions about the underlying biological 
mechanisms still remain unanswered.

Periodontitis and coronary heart disease

Atherosclerotic coronary heart disease (CHD), 
leading to myocardial infarction (MI) and isch-
emic cardiomyopathy, is the main cause of car-
diovascular mortality, morbidity, and health eco-
nomic burden worldwide.57 Epidemiologic data 
have shown that inflammation is independently 
and strongly associated with future cardiovascu-
lar events in both primary and secondary preven-
tion.

Furthermore, several studies have proven that 
chronic inflammatory diseases are burdened by a 
higher spectrum of atherosclerotic CHD.58-60 The 
association between chronic periodontitis and 
CHD is still controversial, despite the plethora of 
research on this topic. Many studies investigated 
the relationship between these two pathological 
conditions: Voinescu et al. in a recent system-
atic review observed that prevalence of PD in 
patients with ischemic cardiac disease was high, 
although the underlying mechanism was not yet 
clearly proven.36 The meta-analysis of Bahekar 
et al. showed that both the prevalence and inci-
dence of CHD are significantly higher in patients 
affected by PD and therefore periodontitis may 
be a risk factor for CHD.18 Recent data suggested 
an important role of chronic inflammation in the 
development of CHD. In a systematic review and 
meta-analysis published in 2008 Humphrey et 
al. concluded that PD is a risk factor/marker for 
CHD, appearing as an additional CV risk factor 
beside the traditional ones, including socioeco-
nomic status.25 One of the proposed pathways 
that links periodontitis and myocardial infarc-
tion is the microbial translocation from inflamed 
periodontal pockets into coronary atheroma via 
systemic circulation. In their meta-analysis Joshi 
et al., observed that a consistent detection of 
periodontal bacterial DNA in coronary atheroma 
has been described in literature, suggesting their 
systemic dissemination from periodontal sites.23 
The quality of published systematic reviews fo-
cused on the association between PD and CHD 

Periodontitis and hypertension

Arterial hypertension represents an important 
and proven risk factor for numerous cardiovas-
cular conditions, such as ischemic heart disease 
(angina and myocardial infarction), heart failure, 
stroke and peripheral arterial disease. Essential 
or idiopathic hypertension (90-95% of cases), 
namely the presence of high blood pression val-
ues without an identified cause, is a combination 
of environmental factors such as obesity, stress, 
sedentary lifestyle, incorrect diet and genetic pre-
disposition, able to influence its course and prog-
nosis. Arterial hypertension and periodontitis are 
two highly prevalent worldwide conditions with a 
significant impact on cardiovascular burden. Poor 
periodontal health is associated with increased 
prevalence of hypertension and may have an in-
fluence on blood pressure (BP) control. Recent 
evidence suggests that periodontitis and hyperten-
sion are independently related and may be causal 
in nature.56 The main mechanism underlying 
this association seems to be low-grade systemic 
inflammation and redox imbalance; however, 
the nature of this relationship is currently being 
studied. Moreover, recent findings indicate that 
common genetic bases could orient the immune 
profile towards this clinical phenotype with im-
portant therapeutic implications thus necessitant-
ing targeted strategies of public health interest.

In their meta-analysis Muñoz Aguilera et al. 
critically evaluated the evidence linking hyper-
tension and PD, concluding that there is a posi-
tive association between the two pathological 
conditions. In fact, there is an increased preva-
lence of periodontitis in patients with hyperten-
sion and oral health assessment could improve 
quality of life and could also be relevant in the 
management of hypertensive patients, though 
only few studies demonstrated that periodon-
titis therapy entails a reduction in BP values.20 
Moreover, heterogeneity among populations and 
common risk factors make the interpretation of 
the results difficult. Another study aiming to 
determine the magnitude of the association be-
tween PD and hypertension is the meta-analysis 
of Martin Cabezas et al., who concluded that 
patients with PD, particularly with severe forms 
of PD, reported a higher frequency of hyperten-
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risk of stroke appeared significantly increased by 
the presence of periodontitis, while did not vary 
markedly with the presence of gingivitis. Tooth 
loss resulted also a risk factor for stroke.31 The 
association between PD and ischemic stroke was 
investigated in the meta-analysis of Leira et al. 
Case-control, cross-sectional and cohort studies 
involving patients with PD and ischemic stroke 
were included in the analysis. The study demon-
strated an association between periodontitis and 
ischemic stroke. Moreover, the risk of cerebral 
ischemia appeared also higher in subjects with 
periodontitis, but further, well-designed, pro-
spective studies should be conducted to better 
elucidate the magnitude of this association.32 
Even though there are evidence that PD is associ-
ated to CVD and stroke, interpretation of results 
requires caution because of the studies heteroge-
neity and the differences in the definition of peri-
odontitis, as highlighted by Sfyroeras et al. in a 
review about this topic.35 For this reason, to date, 
further studies are necessary to reach a consistent 
conclusion about the degree of the relationship 
between PD and cerebrovascular disease.

Periodontitis and peripheral arterial disease

As well as coronary heart disease (CHD), pe-
ripheral arterial disease (PAD) is also caused 
by atherosclerosis but with different character-
istics. The association between CHD and peri-
odontitis has already been confirmed by several 
studies. Nowadays, there is scientific consensus 
that the development of PAD is partially related 
to chronic subclinical inflammation.64 The oral 
cavity is an inflammatory focus in humans, and 
it was proposed that chronic oral inflammation 
might be able, in concert with other risk factors, 
to trigger PAD. In a recent nation-wide, popu-
lation-based cohort study Cho et al. highlighted 
that poor oral hygiene status increases the risk of 
PAD and that patients with periodontitis have a 
higher incidence of PAD, prospecting the possi-
bility that the treatment of PD may have a strong 
impact in the prevention of PAD.44 In a recent 
systematic review Kaschwich et al. evaluated 
the association between PD (all degrees of sever-
ity) and PAD (all degrees of severity) concluding 
that, although a causal role of PD in the devel-
opment of PAD cannot be confirmed, it is likely 

was evaluated by Kelly et al. by using estab-
lished systematic review assessment checklists. 
The results showed a significant structural and 
methodological variability among the published 
systematic reviews and meta-analyses regarding 
the connection between periodontitis and CHD 
with important practical implications for clini-
cians.9 In an updated meta-analysis conducted on 
prospective cohort studies, Leng et al. indicated 
that PD was significantly and independently as-
sociated with an increased risk of CHD.33 Final-
ly, Xu et al. investigated the association between 
PD and MI in a meta-analysis on observational 
studies, suggesting that PD is associated with in-
creased risk of future MI. However, the causative 
relation between PD and MI remains not well es-
tablished and more studies are warranted.38

Periodontitis and cerebrovascular diseases

Stroke is the second leading cause of death and 
the third cause of disability worldwide as well as 
one of most important cause of disability in the 
elderly population. Multiple risk factors are as-
sociated with this condition (age, hypertension, 
dyslipidaemia) but the role of inflammation in 
the pathogenesis and progression of the disease 
is still a debating issue.61-63 Several studies have 
investigated the possible association between PD 
and multiple causes of stroke. In a recent meta-
analysis Fagundes et al. explored the association 
between stroke and periodontitis, concluding 
that there is a strong association between both 
diseases and that periodontitis may represent 
a risk factor especially for ischemic strokes.29 
Cheng et al., performed a dose–response meta-
analysis showing a statistically significant corre-
lation between tooth loss and both cardiovascu-
lar and stroke risk, suggesting that tooth loss was 
independently associated with lethal coronary 
heart disease and stroke risk increase.28 Lafon et 
al., aimed to determine the relationship between 
PD and stroke incidence by a meta-analysis in-
cluding cohort studies that evaluated the inci-
dence of stroke (fatal or non-fatal, ischaemic or 
haemorrhagic) and baseline periodontal status. 
The analyses were conducted separately for 
three outcomes: periodontitis, gingivitis and loss 
of teeth and the results varied depending on the 
outcome considered and the type of stroke. The 
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systematic review conducted by Kaschwich et 
al. demonstrated that an association between 
PD and peripheral arterial occlusive disease is 
likely, even though the results cannot confirm a 
causal role between the two conditions.66

Discussion

The PD is a multifactorial chronic infectious dis-
ease of the teeth supporting structures. It begins 
as a localized inflammation (gingivitis) caused 
by a bacterial biofilm, mainly induced by gram-
negative germs. This condition is often revers-
ible, since gingivitis is tractable with a good oral 
hygiene. Sometimes a not well-treated gingivitis 
may deteriorate in periodontitis, which repre-
sents an irreversible chronic inflammatory dis-
ease characterized by progressive destruction 
of teeth insertion apparatus (connective tissue, 
ligament and bone) with increase in tooth mobil-
ity and often in tooth loss. The local inflamma-
tion could lead to systemic inflammatory status, 
which is a known factor for CVD. Periodontitis 
has previously been correlated to several sys-
temic conditions such as rheumatoid arthritis67 
and metabolic syndrome68 emphasizing the im-
pact of oral health on the systemic homeostasis.

The umbrella review that we performed has 
gathered systematic reviews and meta-analyses 
showing that periodontitis is linked to various 
types of CVD. We found evidence of significant 
correlation between PD and atherosclerosis, hy-
pertension, PAD (carotid intimal hyperplasia and 
abdominal aortic aneurysm), coronary heart dis-
ease and cerebrovascular disease.69 Specifically, 
patients affected by PD have shown a greater 
carotid intima-media thickness compared with 
controls and impaired flow mediated dilatation, 
which appeared restored by periodontal treat-
ment70 as well as more prevalence of abdominal 
aortic aneurysm71 or modifications of arterial 
stiffness. It has also been found that treating peri-
odontitis effectively improved the function of the 
vascular endothelium and may play a protective 
role in vascular injury.72 Moreover, individuals 
with PD exhibited 2-fold higher risk of develop-
ing PAD and PD represents an independent risk 
factor for PAD. Furthermore, we found evidence 
that treating intensively patients affected by PD 
induced a significant reduction in blood pressure 

that it plays a contributing role in PAD patho-
genesis.30 Yang et al. conducted a meta-analysis 
to critically assess the strength of the association 
between PAD and periodontitis, which revealed a 
significant relationship between these two condi-
tions. Moreover, the meta-analysis indicated that 
PAD patients had more missing teeth than con-
trol subjects.22 The systematic review of Wang et 
al. was conducted to evaluate how periodontitis 
contributes to the pathogenesis and progression 
of PAD; the results confirmed that PD represents 
an indepedent risk factor for PAD, with signifi-
cant data supporting its correlation with both 
lower extremity arterial disease and carotid ar-
tery disease.37

Periodontitis and abdominal aortic aneurysm

Abdominal aortic aneurysm (AAA) is a chronic 
vascular degenerative disorder. It is known that 
genetic and environmental risk factors (older 
age, male sex, smoking, white ethnicity) can 
promote the disease. The AAA physiopathology 
and progression are characterized by the inflam-
matory destruction of the abdominal aortic wall 
and the presence of an intraluminal thrombus. 
The association between periodontitis and sys-
temic diseases such as diabetes or cardiovascu-
lar disorders has been well described, however, 
the prevalence of periodontitis in patients with 
AAA is not available in the scientific literature. 
Nevertheless, a systematic review by Salhi et al. 
emphasized that periodontitis seems to play a 
role in AAA development and progression, sug-
gesting that the presence of periodontal bacteria 
in the bloodstream or in the vascular lesion rep-
resents a risk factor associated with aneurysmal 
disease progression.24 Even more recently Salhi 
et al., in a cross-sectional study, explored the re-
lationship between the severity of periodontitis 
and of AAA comparing patients with stable and 
unstable AAA based on aortic diameter, growth 
rate, and eligibility for surgical intervention. 
The results showed that periodontitis was highly 
prevalent in both stable and unstable AAA pa-
tients and that severe periodontitis (stage IV and 
grade C) shows the trend to be more frequent 
in groups of patients with unstable AAA, thus 
renforcing the evidence of a potential relation-
ships between these two diseases.65 Finally, a 
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periodontal treatment. Moreover, oral pathogens 
have been found in atherosclerotic plaques and 
the atherosclerotic microbiome appeared to be 
more represented in patients affected by PD re-
spect to healthy individuals. A study conducted 
by Haraszthy et al. pointed out the presence of 
several PD bacteria, identified with polymerase 
chain reaction (PCR) assay, in almost 80% of 
carotid endarterectomy specimens. As is known, 
atherosclerosis and CV diseases recognize an in-
flammatory pathogenesis too; the CRP role in the 
atherosclerosis development may be related to its 
capability to activate the complement and to trig-
ger the formation of foam cells. In this regard, 
inflammatory markers such as CRP, IL-6 and 
lipoprotein-associated phospholipase A2 were 
identified as predictors of increased stroke risk, 
suggesting that the activation of CV events can 
be triggered by a systemic inflammation maybe 
induced or enhanced by PD. The reduction of 
circulating INFγ and IL-6 were documented in 
hypertensive patients affected by PD who under-
went specific oral treatments with a significant 
benefit on blood pressure values. A randomized 
controlled trial, by Tonetti et al., involving sub-
jects with PD showed that intensive periodontal 
treatment improved the endothelial function at 6 
months of follow-up.54 Notably, even if the asso-
ciation between PD and CV diseases is unambig-
uous, their specific underlying mechanisms and 
the possibility of a causative relation that links 
these conditions remain under investigation. 
Moreover, it is necessary to mention that PD, 
which affect mostly middle-aged subjects and 
individuals with elevated systemic inflammatory 
levels, share with atherosclerosis many of its tra-
ditional risk factors (age, gender, systolic blood 
pressure, high-density lipo-protein cholesterol, 
smoking, diabetes). Therefore, it may be tough 
to discriminate the potential effect of PD alone in 
determining the CVD manifestations. However, 
since PD is a preventable and treatable condition, 
assuming that it accounts for an additional CV 
risk factor, its recognition and treatment may sig-
nificantly reduce the global risk of CV events and 
the health-care costs. Ultimately, the literature 
taken into account showed moderate heterogene-
ity and, to some extent, lack of a uniform adjust-
ment for all confounders, hence this may reduce 

values if compared to not-intensive PD treatment; 
this helps identifying PD as an additional, non-
traditional risk factor of hypertension, such as 
lifestyle modifications. Additionally, oral health 
seems to be correlated with ischemic coronary 
events73 since PD prevalence is higher in patients 
affected by coronary heart disease (CHD) than 
in general population, showing that PD may be 
considered an independent risk factor/marker for 
CHD. Finally, even cerebrovascular events and 
PD appeared to be independently associated. In-
deed, the prevalence of different types of strokes, 
mainly the ischemic ones, is higher (about 2.3 
times as much) in PD affected individuals than 
in healthy ones74 and PD may represent a poten-
tial risk to worsen the stroke condition. Since the 
close relations between PD and CVD, it has been 
suggested that PD may have a causative role in 
determining some CV conditions. Regarding the 
causality of the correlations mentioned before, 
several hypotheses have been proposed in litera-
ture including endothelial dysfunction, oxidative 
stress and augmented systemic inflammation in 
response to bacteremia or cytokines/inflamma-
tory mediators’ dissemination from periodontal 
lesions. However, the biological mechanisms re-
sponsible for these conditions remain unknown. 
Nevertheless, there is a plethora of studies indi-
cating the inflammatory process as the common 
denominator of PD and CV diseases. Indeed, the 
oral infectious and inflammatory conditions may 
favor an intermittent bacteriemia, which induces 
a systemic immune response to pathogens espe-
cially towards Porphyromonas gingivalis. Then, 
it has been supposed that bacteria passing through 
the vascular endothelium and the smooth muscle 
cells promoting vascular inflammation, low-
density lipoprotein (LDL) oxidations and inter-
nalization of LDL by macrophages that become 
foam cells. The presence of individual predis-
posing factors can accelerate the atherosclerotic 
process. Supporting this theory, it has been dem-
onstrated that patients affected by PD show sig-
nificant increase of C-reactive protein (CRP) as 
well as pro-inflammatory cytokines circulating 
levels proportionally to its grade of severity. Fur-
thermore, reduction in the levels of systemic in-
flammation markers such as CRP and serum IL-6 
levels were documented in subjects undergoing 
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cardiovascular diseases (acute coronary 
syndrome, acute myocardial infarction) and 
cerebrovascular diseases (ischemic stroke); 
however, the CVD risk reduction of events 
related to the treatment of periodontitis are 
yet to be investigated. 

•  The relationship between CVD and PD 
provides heterogeneous data. A causal re-
lationship between CVD and PD cannot be 
fully established. Further research with prop-
erly designed long-term follow-up studies are 
needed in order to examine various patho-
physiological aspects of their association.

References
1.  Van Dyke TE, Sima C. Understanding resolution of inflam-
mation in periodontal diseases: is chronic inflammatory peri-
odontitis a failure to resolve? Periodontol 2000 2020;82:205–13. 
2.  Caton JG, Armitage G, Berglundh T, Chapple IL, Jepsen S, 
Kornman KS, et al. A new classification scheme for periodon-
tal and peri-implant diseases and conditions - Introduction and 
key changes from the 1999 classification. J Clin Periodontol 
2018;45(Suppl 20):S1–8. 
3.  Bouziane A, Hamdoun R, Abouqal R, Ennibi O. Global 
prevalence of aggressive periodontitis: A systematic review and 
meta-analysis. J Clin Periodontol 2020;47:406–28. 
4.  Ikeda E, Shiba T, Ikeda Y, Suda W, Nakasato A, Takeuchi Y, 
et al. Japanese subgingival microbiota in health vs disease and 
their roles in predicted functions associated with periodontitis. 
Odontology 2020;108:280–91. 
5.  Masi S, D’Aiuto F, Deanfield J. Cardiovascular prevention 
starts from your mouth. Eur Heart J 2019;40:1146–8. 
6.  Minty M, Canceil T, Serino M, Burcelin R, Tercé F, Blas-
co-Baque V. Oral microbiota-induced periodontitis: a new 
risk factor of metabolic diseases. Rev Endocr Metab Disord 
2019;20:449–59. 
7.  Prasher D, Greenway SC, Singh RB. The impact of epi-
genetics on cardiovascular disease. Biochem Cell Biol 
2020;98:12–22. 
8.  Sanz M, Marco Del Castillo A, Jepsen S, Gonzalez-
Juanatey JR, D’Aiuto F, Bouchard P, et al. Periodontitis and 
cardiovascular diseases: consensus report. J Clin Periodontol 
2020;47:268–88. 
9.  Kelly JT, Avila-Ortiz G, Allareddy V, Johnson GK, Elan-
govan S. The association between periodontitis and coronary 
heart disease: a quality assessment of systematic reviews. J Am 
Dent Assoc 2013;144:371–9. 
10.  Soysal P, Arik F, Smith L, Jackson SE, Isik AT. Inflamma-
tion, Frailty and Cardiovascular Disease. Adv Exp Med Biol 
2020;1216:55–64. 
11.  Seitz MW, Listl S, Bartols A, Schubert I, Blaschke K, Haux 
C, et al. Current Knowledge on Correlations Between Highly 
Prevalent Dental Conditions and Chronic Diseases: An Um-
brella Review. Prev Chronic Dis 2019;16:E132. 
12.  Smith V, Devane D, Begley CM, Clarke M. Methodology 
in conducting a systematic review of systematic reviews of 
healthcare interventions. BMC Med Res Methodol 2011;11:15. 

the accuracy of our results. Nevertheless, few in-
accuracies may be accounted for inconsistencies 
in the definition of both CVD and periodontitis, 
as well as in their methods of assessment. In con-
clusion, the results obtained have to be interpret-
ed with caution and well-designed prospective/
randomized controlled studies with a reasonable 
follow-up are needed to improve our knowledge 
of the association between PD and CVD.

Limitations of the study

The present umbrella review is characterized by 
the typical limits of meta-epidemiological stud-
ies including the selection bias, the publication 
bias and the tendency to generalize causal impli-
cations where only no-causal associations exist. 
Despite these limitations, this umbrella review 
provides a tool to recognize and further support 
the association between cardiovascular and peri-
odontal disease.

Conclusions

Despite the unambiguous association between 
PD and CVD, the specific underlying mecha-
nisms and the possibility of a causative relation-
ship that links these conditions remain unclear 
and yet under investigation. Further prospective/
randomized-controlled studies with a reasonable 
follow-up are needed to improve our knowledge 
about the real bi-univocal association between 
PD and CVD.

Key messages

•  Periodontal disease and cardiovascular 
diseases are among the most common pa-
thologies in the world and their relationship 
has long been studied but not clearly defined. 
Both conditions lead to a chronic inflamma-
tory process with degenerative characteristics 
and their association is now well established, 
but the real biunivocal correlation between 
these two pathological conditions is not com-
pletely understood.

•  Periodontal disease resulted to be as-
sociated with a higher risk of developing

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



CARDIOVASCULAR AND PERIODONTAL DISEASES	 PERUZZI

Vol. 70 - No. ??	 Minerva Cardiology and Angiology	 11

30.  Kaschwich M, Behrendt CA, Heydecke G, Bayer A, Debus 
ES, Seedorf U, et al. The Association of Periodontitis and Pe-
ripheral Arterial Occlusive Disease-A Systematic Review. Int J 
Mol Sci 2019;20:2936. 
31.  Lafon A, Pereira B, Dufour T, Rigouby V, Giroud M, Béjot 
Y, et al. Periodontal disease and stroke: a meta-analysis of co-
hort studies. Eur J Neurol 2014;21:1155–61, e66–7. 
32.  Leira Y, Seoane J, Blanco M, Rodríguez-Yáñez M, 
Takkouche B, Blanco J, et al. Association between periodonti-
tis and ischemic stroke: a systematic review and meta-analysis. 
Eur J Epidemiol 2017;32:43–53. 
33.  Leng WD, Zeng XT, Kwong JS, Hua XP. Periodon-
tal disease and risk of coronary heart disease: an updated 
meta-analysis of prospective cohort studies. Int J Cardiol 
2015;201:469–72. 
34.  Schmitt A, Carra MC, Boutouyrie P, Bouchard P. Periodon-
titis and arterial stiffness: a systematic review and meta-analy-
sis. J Clin Periodontol 2015;42:977–87. 
35.  Sfyroeras GS, Roussas N, Saleptsis VG, Argyriou C, Gi-
annoukas AD. Association between periodontal disease and 
stroke. J Vasc Surg 2012;55:1178–84. 
36.  Voinescu I, Petre A, Burlibasa M, Oancea L. Evidence 
of Connections Between Periodontitis and Ischemic Cardiac 
Disease - an Updated Systematic Review. Maedica (Buchar) 
2019;14:384–90.
37.  Wang J, Geng X, Sun J, Zhang S, Yu W, Zhang X, et al. 
The risk of periodontitis for peripheral vascular disease: a sys-
tematic review. Rev Cardiovasc Med 2019;20:81–9. 
38.  Xu S, Song M, Xiong Y, Liu X, He Y, Qin Z. The asso-
ciation between periodontal disease and the risk of myocardial 
infarction: a pooled analysis of observational studies. BMC 
Cardiovasc Disord 2017;17:50. 
39.  Zeng XT, Leng WD, Lam YY, Yan BP, Wei XM, Weng H, 
et al. Periodontal disease and carotid atherosclerosis: A meta-
analysis of 17,330 participants. Int J Cardiol 2016;203:1044–51. 
40.  Martin-Cabezas R, Seelam N, Petit C, Agossa K, Gaertner 
S, Tenenbaum H, et al. Association between periodontitis and 
arterial hypertension: A systematic review and meta-analysis. 
Am Heart J 2016;180:98–112. 
41.  Roca-Millan E, González-Navarro B, Sabater-Recolons 
MM, Marí-Roig A, Jané-Salas E, López-López J. Periodon-
tal treatment on patients with cardiovascular disease: system-
atic review and meta-analysis. Med Oral Patol Oral Cir Bucal 
2018;23:e681–90. 
42.  Larvin H, Kang J, Aggarwal VR, Pavitt S, Wu J. Risk of 
incident cardiovascular disease in people with periodontal dis-
ease: A systematic review and meta-analysis. Clin Exp Dent 
Res 2021;7:109–22. 
43.  Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Cal-
laway CW, Carson AP, et al.; American Heart Association 
Council on Epidemiology and Prevention Statistics Committee 
and Stroke Statistics Subcommittee. Heart disease and stroke 
statistics-2020 update: A report from the American Heart As-
sociation. Circulation 2020;141:e139–596. 
44.  Dietrich T, Sharma P, Walter C, Weston P, Beck J. The 
epidemiological evidence behind the association between peri-
odontitis and incident atherosclerotic cardiovascular disease. J 
Periodontol 2013;84(Suppl):S70–84. 
45.  Berlin-Broner Y, Febbraio M, Levin L. Association be-
tween apical periodontitis and cardiovascular diseases: a sys-
tematic review of the literature. Int Endod J 2017;50:847–59. 
46.  Liu W, Cao Y, Dong L, Zhu Y, Wu Y, Lv Z, et al. Periodon-
tal therapy for primary or secondary prevention of cardiovas-
cular disease in people with periodontitis. Cochrane Database 
Syst Rev 2019;12:CD009197. 

13.  Biondi-Zccai G, La Torre G, Roever L, D’Ascenzo F. 
Abstracting evidence. In: Biondi-Zoccai G, editor. Umbrella 
reviews. Cham: Springer International Publishing; 2016. 
p.107–14.
14.  Biondi-Zoccai G, D’Ascenzo F. Choosing between fre-
quentist and bayesian frameworks and the corresponding sta-
tistical package. In: Zoccai GB, editor. Network meta-anal-
ysis: evidence synthesis with mixed treatment comparison. 
Hauppauge, NY: Nova Science Publishers; 2014. p.103–16.
15.  Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA 
Group. Preferred reporting items for systematic reviews and 
meta-analyses: the PRISMA statement. BMJ 2009;339:b2535. 
16.  Oxman AD, Guyatt GH. Validation of an index of the qual-
ity of review articles. J Clin Epidemiol 1991;44:1271–8. 
17.  Batista RM, Zandonade E, Roelke LH, Emmerich AO, Ro-
setti EP, Molona MD, et al. Association between periodontal 
disease and subclinical atherosclerosis: a systematic review. J 
Vasc Bras 2011;10:229–38. 
18.  Bahekar AA, Singh S, Saha S, Molnar J, Arora R. The 
prevalence and incidence of coronary heart disease is signifi-
cantly increased in periodontitis: a meta-analysis. Am Heart J 
2007;154:830–7. 
19.  Blaizot A, Vergnes JN, Nuwwareh S, Amar J, Sixou M. 
Periodontal diseases and cardiovascular events: meta-analysis 
of observational studies. Int Dent J 2009;59:197–209.
20.  Muñoz Aguilera E, Suvan J, Buti J, Czesnikiewicz-Guzik 
M, Barbosa Ribeiro A, Orlandi M, et al. Periodontitis is associ-
ated with hypertension: a systematic review and meta-analysis. 
Cardiovasc Res 2020;116:28–39. 
21.  González Navarro B, Pintó Sala X, Jané Salas E. [Relation-
ship between cardiovascular disease and dental pathology. Sys-
tematic review]. Med Clin (Barc) 2017;149:211–6. [Spanish]
22.  Yang S, Zhao LS, Cai C, Shi Q, Wen N, Xu J. Associa-
tion between periodontitis and peripheral artery disease: a sys-
tematic review and meta-analysis. BMC Cardiovasc Disord 
2018;18:141. 
23.  Joshi C, Bapat R, Anderson W, Dawson D, Hijazi K, 
Cherukara G. Detection of periodontal microorganisms in coro-
nary atheromatous plaque specimens of myocardial infarction 
patients: A systematic review and meta-analysis. Trends Car-
diovasc Med 2021;31:69–82. 
24.  Salhi L, Rompen E, Sakalihasan N, Laleman I, Teughels 
W, Michel JB, et al. Can Periodontitis Influence the Progression 
of Abdominal Aortic Aneurysm? A Systematic Review. Angiol-
ogy 2019;70:479–91. 
25.  Humphrey LL, Fu R, Buckley DI, Freeman M, Helfand 
M. Periodontal disease and coronary heart disease incidence: 
a systematic review and meta-analysis. J Gen Intern Med 
2008;23:2079–86. 
26.  Orlandi M, Suvan J, Petrie A, Donos N, Masi S, Hingorani 
A, et al. Association between periodontal disease and its treat-
ment, flow-mediated dilatation and carotid intima-media thick-
ness: a systematic review and meta-analysis. Atherosclerosis 
2014;236:39–46. 
27.  Teeuw WJ, Slot DE, Susanto H, Gerdes VE, Abbas F, 
D’Aiuto F, et al. Treatment of periodontitis improves the ath-
erosclerotic profile: a systematic review and meta-analysis. J 
Clin Periodontol 2014;41:70–9. 
28.  Cheng F, Zhang M, Wang Q, Xu H, Dong X, Gao Z, et 
al. Tooth loss and risk of cardiovascular disease and stroke: 
A dose-response meta analysis of prospective cohort studies. 
PLoS One 2018;13:e0194563. 
29.  Fagundes NC, Almeida AP, Vilhena KF, Magno MB, Maia 
LC, Lima RR. Periodontitis As A Risk Factor For Stroke: A 
Systematic Review And Meta-Analysis. Vasc Health Risk 
Manag 2019;15:519–32. 

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



PERUZZI 	 CARDIOVASCULAR AND PERIODONTAL DISEASES

12	 Minerva Cardiology and Angiology	 Mese 2022 

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material 
discussed in the manuscript.
Authors’ contributions.—Elena Cavaretta has given substantial contributions to study conception, Mariangela Peruzzi, Karin Covi 

rotic disease of extracranial carotid and vertebral, mesenteric, 
renal, upper and lower extremity arteriesEndorsed by: the Eu-
ropean Stroke Organization (ESO)The Task Force for the Diag-
nosis and Treatment of Peripheral Arterial Diseases of the Euro-
pean Society of Cardiology (ESC) and of the European Society 
for Vascular Surgery (ESVS). Eur Heart J 2018;39:763–816. 
61.  Nicol P, Xhepa E, Bozhko D, Joner M. Neoatherosclerosis: 
from basic principles to intravascular imaging. Minerva Car-
dioangiol 2018;66:292–300. 
62.  Salhi L, Sakalihasan N, Okroglic AG, Labropoulos N, 
Seidel L, Albert A, et al. Further evidence on the relationship 
between abdominal aortic aneurysm and periodontitis: A cross-
sectional study. J Periodontol 2020;91:1453–64. 
63.  Fuggle NR, Smith TO, Kaul A, Sofat N. Hand to Mouth: 
A Systematic Review and Meta-Analysis of the Association be-
tween Rheumatoid Arthritis and Periodontitis. Front Immunol 
2016;7:80. 
64.  Nibali L, Tatarakis N, Needleman I, Tu YK, D’Aiuto F, 
Rizzo M, et al. Clinical review: Association between metabolic 
syndrome and periodontitis: a systematic review and meta-
analysis. J Clin Endocrinol Metab 2013;98:913–20. 
65.  Hansen GM, Egeberg A, Holmstrup P, Hansen PR. Rela-
tion of Periodontitis to Risk of Cardiovascular and All-Cause 
Mortality (from a Danish Nationwide Cohort Study). Am J Car-
diol 2016;118:489–93. 
66.  Blum A, Kryuger K, Mashiach Eizenberg M, Tatour S, 
Vigder F, Laster Z, et al. Periodontal care may improve endo-
thelial function. Eur J Intern Med 2007;18:295–8. 
67.  Fernandes Fagundes NC. Anna Paula Costa Ponte Sousa 
Carvalho Almeida, Barbosa Vilhena KF, Baraúna Magno M, 
Maia LC, Lima RR Periodontitis As A Risk Factor For Stroke: 
A Systematic Review And Meta-Analysis. Vasc Health Risk 
Manag 2019;15:519–32. 
68.  Elia E, Ministrini S, Carbone F, Montecucco F. Diabetic 
cardiomyopathy and inflammation: development of hostile mi-
croenvironment resulting in cardiac damage. Minerva Cardio-
angiol 2021. [Epub ahead of print] 
69.  Champaiboon C, Poolgesorn M, Wisitrasameewong W, Sa-
Ard-Iam N, Rerkyen P, Mahanonda R. Differential inflamma-
some activation by Porphyromonas gingivalis and cholesterol 
crystals in human macrophages and coronary artery endothelial 
cells. Atherosclerosis 2014;235:38–44. 
70.  Pejcic A, Kesic LJ, Milasin J. C-reactive protein as a sys-
temic marker of inflammation in periodontitis. Eur J Clin Mi-
crobiol Infect Dis 2011;30:407–14. 
71.  Armingohar Z, Jørgensen JJ, Kristoffersen AK, Abesha-
Belay E, Olsen I. Bacteria and bacterial DNA in atherosclerotic 
plaque and aneurysmal wall biopsies from patients with and 
without periodontitis. J Oral Microbiol 2014;6:6. 
72.  Haraszthy VI, Zambon JJ, Trevisan M, Zeid M, Genco 
RJ. Identification of periodontal pathogens in atheromatous 
plaques. J Periodontol 2000;71:1554–60. 
73.  Esenwa CC, Elkind MS. Inflammatory risk factors, bio-
markers and associated therapy in ischaemic stroke. Nat Rev 
Neurol 2016;12:594–604. 
74.  Czesnikiewicz-Guzik M, Osmenda G, Siedlinski M, No-
salski R, Pelka P, Nowakowski D, et al. Causal association 
between periodontitis and hypertension: evidence from Men-
delian randomization and a randomized controlled trial of non-
surgical periodontal therapy. Eur Heart J 2019;40:3459–70. 

47.  Li C, Lv Z, Shi Z, Zhu Y, Wu Y, Li L, et al. Periodontal 
therapy for the management of cardiovascular disease in pa-
tients with chronic periodontitis. Cochrane Database Syst Rev 
2014;(8):CD009197. 
48.  Li C, Lv Z, Shi Z, Zhu Y, Wu Y, Li L, et al. Periodontal 
therapy for the management of cardiovascular disease in pa-
tients with chronic periodontitis. Cochrane Database Syst Rev 
2017;11:CD009197. 
49.  Lockhart PB, Bolger AF, Papapanou PN, Osinbowale O, 
Trevisan M, Levison ME, et al.; American Heart Association 
Rheumatic Fever, Endocarditis, and Kawasaki Disease Com-
mittee of the Council on Cardiovascular Disease in the Young, 
Council on Epidemiology and Prevention, Council on Periph-
eral Vascular Disease, and Council on Clinical Cardiology. 
Periodontal disease and atherosclerotic vascular disease: does 
the evidence support an independent association?: a scientific 
statement from the American Heart Association. Circulation 
2012;125:2520–44. 
50.  Donders HC, Veth EO, van ’t Hof AW, de Lange J, Loos 
BG. The association between periodontitis and cardiovascular 
risks in asymptomatic healthy patients. Int J Cardiol Cardiovasc 
Risk Prev 2021;11:200110. 
51.  Nicolosi LN, Lewin PG, Rudzinski JJ, Pompeo M, Guanca 
F, Rodríguez P, et al. Relation between periodontal disease and 
arterial stiffness. J Periodontal Res 2017;52:122–6. 
52.  Visseren FL, Mach F, Smulders YM, Carballo D, Koski-
nas KC, Bäck M, et al.; ESC Scientific Document Group. 2021 
ESC Guidelines on cardiovascular disease prevention in clini-
cal practice. Eur J Prev Cardiol 2022;29:5–115. 
53.  Montarello NJ, Nguyen MT, Wong DT, Nicholls SJ, Psaltis 
PJ. Inflammation in Coronary Atherosclerosis and Its Thera-
peutic Implications. Cardiovasc Drugs Ther 2022;36:347–62. 
54.  Tonetti MS, D’Aiuto F, Nibali L, Donald A, Storry C, 
Parkar M, et al. Treatment of periodontitis and endothelial 
function. N Engl J Med 2007;356:911–20. 
55.  Almeida AP, Fagundes NC, Maia LC, Lima RR. Is there 
an Association Between Periodontitis and Atherosclero-
sis in Adults? A Systematic Review. Curr Vasc Pharmacol 
2018;16:569–82. 
56.  Del Pinto R, Pietropaoli D, Munoz-Aguilera E, D’Aiuto 
F, Czesnikiewicz-Guzik M, Monaco A, et al. Periodontitis and 
Hypertension: Is the Association Causal? High Blood Press 
Cardiovasc Prev 2020;27:281–9. 
57.  Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Cal-
laway CW, Carson AP, et al.; American Heart Association 
Council on Epidemiology and Prevention Statistics Committee 
and Stroke Statistics Subcommittee. Heart disease and stroke 
statistics-2019 update: a report from the American Heart As-
sociation. Circulation 2019;139:e56–528. 
58.  Dregan A, Charlton J, Chowienczyk P, Gulliford MC. 
Chronic inflammatory disorders and risk of type 2 diabetes 
mellitus, coronary heart disease, and stroke: a population-based 
cohort study. Circulation 2014;130:837–44. 
59.  Ruparelia N, Chai JT, Fisher EA, Choudhury RP. Inflam-
matory processes in cardiovascular disease: a route to targeted 
therapies. Nat Rev Cardiol 2017;14:133–44. 
60.  Aboyans V, Ricco JB, Bartelink ME, Björck M, Brodmann 
M, Cohnert T, et al.; ESC Scientific Document Group. 2017 
ESC Guidelines on the Diagnosis and Treatment of Peripheral 
Arterial Diseases, in collaboration with the European Society 
for Vascular Surgery (ESVS): Document covering atheroscle-

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



CARDIOVASCULAR AND PERIODONTAL DISEASES	 PERUZZI

Vol. 70 - No. ??	 Minerva Cardiology and Angiology	 13

and Matteo Saccucci to data acquisition and analysis, Mariangela Peruzzi, Annachiara Pingitore and Elena Cavarretta to manuscript 
writing, Mariangela Peruzzi, Karin Covi, Matteo Saccucci, Annachiara Pingitore, Wael Saade, Luigi Sciarra, Maria P. Cristalli, Fabio 
Miraldi, Giacomo Frati and Elena Cavarretta to manuscript critical revision, Mariangela Peruzzi and Karin Covi equally contributed. 
All authors read and approved the final version of the manuscript.
History.—Article first published online: March 25, 2022. - Manuscript accepted: March 4, 2022. - Manuscript revised: February 15, 
2022. - Manuscript received: December 12, 2021.
Supplementary data.—For supplementary materials, please see the HTML version of this article at www.minervamedica.it

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28


