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Abstract

Background: The link between dental, infective and obstructive cardiovascular diseases is debatable. Aim: To systematically review
the literature to assess the association between dental conditions and development of cardiovascular disease. Methods: The systematic
review was conducted following the PRISMA guidelines using PubMed (Medline), Web of Science, Scopus, EMBASE and SciELO.
Results: Out of 6680 records, 82 articles were eligible for inclusion after reviewing titles and abstracts. No association between dental
disease and cardiovascular disease has been observed in 10 studies while a potential link has been suggested by the remaining trials. Tooth
loss and periodontitis are the main evaluated oral conditions while coronary artery disease, stroke, atherosclerosis and myocardial infarc-
tion represent the major cardiovascular events. The interaction between these two clinical entities is based on direct mechanism mediated
by systemic inflammatory response, leakage of cytokines and endothelial cells invasion by oral pathogens and indirect mechanism medi-
ated by common risk factors or confounders. Conclusions: It seems that tooth loss, periodontitis and poor oral hygiene increase the risk
of atherosclerotic cardiovascular events, and subsequently oral health care professionals could contribute to public health cardiovascular
control efforts.
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1. Introduction

Despite the recommendations on aggressive manage-
ment of cardiovascular risk factors for primary and sec-
ondary prevention in parallel to the impressive progres-
sion of the available medical and interventional therapeutic
strategies, cardiovascular diseases (CVD) are still the main
cause of death in the developed and developing countries
[1,2]. CVD includes a broad spectrum of infective and ob-
structive diseases like endocarditis, myocarditis, pericardi-
tis, acute coronary syndrome including myocardial infarc-
tion, chronic coronary artery disease (CAD), stroke and
peripheral artery disease. In the acute setting of cardio-
vascular events or during the follow-up of patients suffer-
ing from chronic coronary syndrome, medical practition-
ers systematically screened for the classical risk factors like
smoking, diabetes mellitus, dyslipidemia, systemic hyper-
tension, family history of CAD, and obesity [3]. However,
searching for the potentially cardiogenic atypical factors
and understanding how they could affect the cardiovascu-
lar system may minimize the burden of CVD on the eco-

nomic and health systems respectively [4]. For decades,
researchers have been concerned by the link between oral
disease and heart disease. Data from literature are conflict-
ing and heterogeneous. Up to date, it is unclear whether
the linking between these two diseases is a direct connec-
tion based on pathophysiological mechanisms making pe-
riodontal disease as independent predictor of CVD or in-
direct connection since these two entities commonly share
multiple risk factors like smoking and unhealthy diet [5,6].
People with oral disease are at higher risk for stroke, heart
attack, and serious cardiovascular events [7–10]. Periodon-
tal disease, vertical bone lesions, endodontic disease, dental
caries, dental infectionwere considered as dental conditions
with some risk of entrapping a relationship with CVD [11–
15]. Study findings revealed a positive association between
the reduction in teeth number, abdominal aortic calcifica-
tion [16], ischemic events [9,10] and cardiovascular mor-
tality [7,8]. In addition, lesion originating from endodontic
disease is able to trigger a systemic illness [17,18]. Simul-
taneously, patients with CVD significantly present a lower
teeth number and poor oral hygiene [19].
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Table 1. Keywords used in search strategy.
Search strategy

# 1 Caries OR Dental health OR Periodontal disease OR Periapical Disease OR Tooth Diseases OR Oral pathology OR dental infection
OR oral infection OR Dental Pulp Disease OR Oral Health

# 2 Heart Disease OR Vascular Disease OR Coronary Artery Disease OR Coronary heart disease OR Atherothrombotic cardiovascular
disease

# 3 Clinical trials OR Controlled Clinical Trial OR Retrospective Studies OR Randomized Controlled Trial OR Prospective clinical trial
OR Retrospective Study OR Prospective Studies OR Prospective Study OR Clinical Trial OR Randomized clinical trial

# 4 # 1 AND # 2 AND # 3

Considering that oral health status could directly influ-
ence the incidence, pathophysiology, and course of CVD,
it is important to summarize the literature to better describe
this potential association and themechanismswhich can ex-
plain this link. Herein, this paper aimed to systematically
review the association between dental conditions and de-
velopment of CVD.

2. Materials and Methods
2.1 Study Design

A systematic review of clinical trials that examine the
association of dental disease and CVD disease was per-
formed according to the guidelines of the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA statement) [20]. The registration protocol was
carried out in Open Science Framework with the registra-
tion number 0000-0002-2759-8984. The following PICOS
strategy was used: population, human; intervention, den-
tal disease, control, patients without CVD; outcome: CVD;
type of study, observational studies, clinical trials. The re-
search question was: Does the presence of dental disease is
associated with the development of CVD?

2.2 Search Strategy
An unlimited literature search was performed by two

independent reviewers (RB and CECS) until November
11th, 2021 using PubMed (MEDLINE), Web of Science,
Scopus, EMBASE and SciELO. The MeSH search terms in
the previously cited databases are summarized in Table 1.
All research studies were imported into Rayyan QCRI plat-
form.

2.3 Inclusion Criteria
The title and abstract of each recognized manuscript

were examined by two independent reviewers (RB and
CECS) to determine if the article should be considered for
full-text review according to the following eligibility crite-
ria: (1) Case-control and cross-sectional studies, cohorts,
and randomized clinical trials reporting the relationship
of any cardiovascular condition with the presence of any
oral disease; (2) studies where the presence of an oral dis-
ease was clinically diagnosed; (3) studies where CVD was
clearly defined; and (4) peer-reviewed articles published in

Fig. 1. Search flowchart according to the PRISMA Statement.

the English, Spanish or Portuguese languages.

2.4 Exclusion Criteria
Case reports, case series, pilot studies, expert opin-

ions, conference abstracts and reviews were excluded. In
case of disagreements at the time of the collection of the
papers for the full-text review, they were resolved by dis-
cussion and agreement by a third reviewer (LH).

2.5 Data Extraction
Data of interest were extracted from the enrolled

manuscripts via the Microsoft Office Excel 2019 program
(Microsoft Corporation, Redmond, WA, USA) and subse-
quently placed on a standardized form. Two reviewers (RB
and LH), who received training in this software, performed
data analysis. The extracted data from each manuscript in-
clude author names, year of publication, study type, num-
ber of participants, oral health condition, CVD, biomarkers,
and principal outcomes.
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Table 2. Characteristics of the included studies.
Study (year) Type of study Number of

participants
Oral health condition Cardiovascular disease Biomarkers measured Principal outcomes

Abnet 2005 [21] Cohort 29,584 Tooth loss Heart disease Not measured Individuals with greater median number of teeth
lost had statistically significant increased risk of
death from heart disease and stroke of 28% and
12%, respectively.

Stroke

Aoyama 2018 [22] Clinical trial 897 Periodontal conditions Coronary heart disease Not measured The coronary artery disease patients generally had
worse oral condition than the non-coronary artery
disease patients.

Batty 2018 [23] Cohort 975,685 Tooth loss Coronary heart disease Not measured There was a moderate, positive association be-
tween tooth loss and coronary artery disease.

Berent 2011 [25] Cross-sectional study 466 Periodontal conditions Coronary heart disease Not measured Periodontal disease is a potentially risk factor for
developing coronary artery disease.

Boillot 2015 [26] Prospective cohort 841 Periodontal infections Cardiovascular disease Quantitative assessment of 11 bacterial
species. Secretory phospholipase A2 (s-
PLA2) and Lipoprotein-associated PLA2

The relationship between periodontal microbiota
and vascular diseases maybe linked to Greater s-
PLA2 activity at higher tertiles.

Boillot 2016 [27] Prospective multicen-
tre observational study

975 Periodontal conditions Acute myocardial in-
farction

Levels of IgG and IgA against Porphyromonas
gingivalis, Aggregatibacter actinomycetem-
comitans, Prevotella intermedia and Tan-
nerella forsythia

In the setting of prior myocardial infarction, the
risk of major cardiovascular events was not in-
creased in association with the levels of circulating
periodontopathogens antibodies.

Bokhari 2014 [28] Cross-sectional study 317 Periodontitis Coronary heart disease Bleeding on probing, probing depth, clinical
attachment level, high-sensitivity C-reactive
protein, fibrinogen and white blood cells

Bleeding on probing is strongly associated with
systemic high-sensitivity C-reactive protein.

Caplan 2009 [29] Cohort 6651 Endodontic therapy Coronary heart disease Not measured Greater self-reported history of endodontic therapy
was more likely to have coronary artery disease
than those reporting no history of endodontic ther-
apy.

Cho 2020 [30] Cohort 514,832 Periodontal disease Peripheral arterial dis-
ease

Not measured The hazard ratio of peripheral arterial disease in the
periodontitis group compared with that in the con-
trol group was 1.15.

Cho 2021 [31] Retrospective cohort
study

298,128 Periodontal Disease Acute Myocardial In-
farction and Stroke

Not measured Severe periodontal disease increased total acute
myocardial infarction events by 4.3%, total stroke
events by 1.4%, and the total nonfatal major ad-
verse cardiovascular events by 1.6%.
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Table 2. Continued.
Study (year) Type of study Number of

participants
Oral health condition Cardiovascular disease Biomarkers measured Principal outcomes

D’Aiuto 2006 [33] Parallel-arm randomized
clinical trial

40 Periodontal infections Cardiovascular disease C-reactive protein Periodontal treatment reduces systemic inflammatory
markers and improves lipid profiles.Interleukin-6

Leukocyte counts
High-density
lipoprotein cholesterol

Desvarieux 2003 [34] Prospective population-
based cohort

711 Periodontal Disease and
Tooth Loss

Carotid Artery Plaque Serum total cholesterol Tooth loss is related to subclinical atherosclerosis.
High-density
lipoprotein cholesterol
Low-density
lipoprotein cholesterol

Glodny 2013 [35] Cross-sectional 292 Dental caries and chronic
apical periodontitis

Atherosclerosis Not measured Dental caries, pulpal caries, and chronic apical
periodontitis are associated positively with aortic
atherosclerotic burden.

Gurkan 2014 [36] Case Control 32 Periodontitis Coronary Artery Ectasia Not measured There is an association between periodontitis and
coronary artery ectasia.

Howell 2001 [38] Double-blind placebo-
controlled trial

22,037 Periodontal Disease Nonfatal myocardial infarction Not measured Periodontal disease is not an independent predictor
of subsequent cardiovascular disease.Nonfatal stroke

Cardiovascular death

Hujoel 2000 [39] Prospective cohort 8032 Periodontal disease Coronary heart disease Total serum cholesterol level There is no evidence of a causal association between
periodontal disease and coronary artery disease.

Hung 2003 [40] Prospective cohort 45,136 Tooth loss Peripheral arterial disease High-density Tooth loss is associated with peripheral arterial dis-
ease, especially among men with periodontal diseases.lipoprotein cholesterol

Janket 2013 [41] Case Control 256 Tooth loss Coronary artery disease Low-density The number and quality of remaining teeth impact on
cardiovascular survival.lipoprotein cholesterol

C-Reactive Protein

Johansson 2014 [42] Case Control 161 Periodontal disease Coronary artery disease Non measured There is not a significant association coronary artery
disease and periodontal status.

Joshipura 1996 [43] Prospective cohort 44,119 Tooth loss and periodontal
disease

Coronary heart disease Non measured Periodontal disease was not associated with coronary
heart disease. Tooth loss may increase the risk of the
later one.
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Table 2. Continued.
Study (year) Type of study Number of

participants
Oral health condition Cardiovascular disease Biomarkers measured Principal outcomes

Khouja 2019 [44] Prospective cohort 320 Periodontal disease Coronary artery disease Non measured Periodontal disease was a significant predictor
of coronary heart disease among current smok-
ers with diabetes.

Kotronia 2020 [45] Cross-sectional 5222 Periodontal disease Cardiovascular disease C-reactive Tooth loss was associated with some inflamma-
tory, haemostatic and cardiac biomarkers.Tooth loss protein

Dry mouth interleukin-6
tissue plasminogen activator von Wille-
brand Factor
fibrin D-dimer
high sensitivity Troponin T
N-terminal pro-brain natriuretic peptide

Li 2010 [46] Prospective cohort study 10,958 Periodontal disease Cardiovascular disease Total cholesterol Tooth loss was related to an increased risk of
death due to cardiovascular disease.Tooth loss High-density

lipoprotein cholesterol

Lockhart 2009 [47] Double-blind randomized
placebo controlled study

194 Periodontal disease Infective endocarditis–
related bacteremia

Non measured Bacteremia is associated with poor oral hygiene
and gingival bleeding after toothbrushing.

Montenegro 2019 [48] Single-blind parallel-design
randomized controlled trial

82 Severe chronic
periodontitis

Coronary artery disease C-reactive Periodontal therapy lower levels of systemic
inflammation.Glucose

Glycated hemoglobin
Triglycerides
Total cholesterol
High-density lipoprotein cholesterol
low-density lipoprotein cholesterol
IL-1β
IL-6
IL-8
IL-10
IFN-γ
TNF-α

Morrison 1999 [49] Retrospective cohort study 12,795 Periodontal disease Coronary heart Non measured Poor dental health is associated with an
increased risk of fatal coronary heart disease.Cerebrovascular diseases
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Table 2. Continued.
Study (year) Type of study Number of

participants
Oral health condition Cardiovascular disease Biomarkers measured Principal outcomes

Nakib 2004 [50] Cohort 6931 Periodontitis Coronary artery calcification Total cholesterol Periodontitis is not associated with coronary artery
calcification.Triglycerides

High-density
lipoprotein cholesterol

Napora 2016 [52] Cross-sectional study 119 Periodontal disease Risk cardiovascular parame-
ters

Non measured The most significant periodontal parameter in rela-
tion to the progression of atherosclerosis and left ven-
tricle hypertrophy was shown to be clinical attach-
ment loss.

Offenbacher 2009 [53] Multicentered Randomized Con-
trolled Trial

303 Periodontal status Systemic levels of high-
sensitivity C-reactive protein

High-sensitivity C-reactive
protein

Periodontal therapy may lower hs-CRP levels among
non-obese cardiovascular patients.

Peng 2017 [55] Retrospective Cohort Study 15,195 Periodontal disease Myocardial infarction Non measured Periodontal therapy lowers the rate of myocardial
infarction and heart failure.Heart failure Stroke

Saffi 2018 [57] Randomized parallel-design
examiner-blinded controlled trial

69 Periodontal disease Endothelial function in
coronary artery disease

C-reactive protein Periodontal treatment maintained blood
concentrations of markers of vascular inflammation.Glucose

Glycated hemoglobin
Triglycerides
Total cholesterol
High-density lipoprotein
cholesterol
Low-density lipoprotein
cholesterol

Seinost 2020 [58] three-armed observer-blinded
randomized controlled trial

90 Severe periodontitis Peripheral arterial disease C-reactive protein Periodontal treatment did not reduce vascular inflam-
mation in patients with peripheral arterial disease.IL-6

Leukocyte
HbA1c
Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides

Shearer 2018 [59] Cohort 1139 Periodontitis Markers of cardiometabolic
risk

glycated haemoglobin Periodontitis was not associated with markers of
cardiometabolic risk.triglycerides

HDL cholesterol
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Table 2. Continued.
Study (year) Type of study Number of

participants
Oral health condition Cardiovascular disease Biomarkers measured Principal outcomes

Sia 2021 [60] Cohort 13,402 Periodontitis Incidental valvular heart
disease

Non measured Periodontitis was associated with a significant risk
for valvular heart disease. Treatment of periodon-
tal disease reduced the risk.

Spahr 2006 [61] Case control study 1315 Periodontal infection Coronary heart disease Non measured An association between periodontitis and presence
of coronary heart disease was found.

Subha 2017 [62] Double blinded randomized
clinical trial

45 Generalized severe
periodontitis

Serum markers of
cardiovascular diseases

C-Reactive Protein Periodontal treatment reduced the level of serum
markers of cardiovascular diseases.Total Cholesterol

High Density Lipid
Low Density Lipid
Triglycerides

Tiensripojamarn
2021 [64]

Cohort 1850 Periodontitis Coronary heart disease Non measured Severe periodontitis is associated with an increased
incidence of coronary heart disease.Stroke

Tonetti 2009 [65] Exclude. Review article.

Ueno 2012 [66] Case-control 573 Periodontitis Coronary heart disease Antibody levels of periodontopathic
bacteria

Elevated antibody levels to periodontopathic bac-
teria is associated with an increased risk of coro-
nary artery disease.

Vedin 2014 [68] Cohort 15,828 Periodontitis Coronary heart disease Low-density lipoprotein cholesterol indicators of periodontal disease were common in
the population with coronary heart disease.Fasting p-glucose

High sensitivity C-reactive protein

Vedin 2015 [69] Cohort 15,456 Tooth loss Coronary heart disease Non measured Tooth loss predicted adverse cardiovascular out-
comes.

Vernon 2011 [70] Prospective longitudinal study 43 Periodontal disease Cardiovascular disease Carotid artery intima media thickness Periodontal disease may contribute to
cardiovascular risk.Brachial artery flow-mediated dila-

tion

Wilson 2018 [71] Prospective cohort 20,133 Number of teeth, severity
of dental plaque and the
presence of oral lesions.

Incident myocardial in-
farction

Non measured Poor oral health is associated with a slightly in-
creased risk of myocardial infarction.

Xu 2011 [72] Cohort 10,849 Periodontal disease Heart disease High sensitivity C-reactive protein An association between periodontal disease and
cardiovascular disease and all-cause mortality was
found.

Cerebrovascular diseases White cell count
Fibrinogen
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Table 2. Continued.
Study (year) Type of study Number of participants Oral health condition Cardiovascular disease Biomarkers measured Principal outcomes

Gomes 2015 [73] Longitudinal Study 278 dentate participants Apical periodontitis (AP) Cardiovascular events (CVE)
including angina, myocardial
infarction, and cardiovascular-
related death

The total number of AP and RCT sites was
determined from panoramic radiographs.
EB was calculated as the sum of AP and
RCT sites. Oral inflammatory burden (OIB)
was calculated combining periodontal
disease and EB

EB in midlife was an autonomous
predictor of CVE.Root canal treatment (RCT)

Endodontic burden (EB)

Isola 2019 [74] Clinical trials 143 patients Periodontitis Ischemic heart disease Levels of vitamin C, antioxidants, and C-
reactive protein (hs-CRP) were assessed with
a commercially available kit

Patients with ischemic heart disease and
periodontitis plus ischemic heart disease
presented lower levels of salivary and
serum vitamin C compared to healthy sub-
jects and periodontitis patients. hs-CRP
was a significant predictor of decreased
salivary and serum vitamin C levels.

Gingival health

Pasqualini 2012
[75]

A case-controlled
clinical trial

100 participants Oral infections Acute myocardial infarction or
unstable angina

Non-measured Chronic oral diseases might increase the
risk of coronary artery disease (CHD) and
could be a risk factor for CHD.

Lee 2019 [76] Observational study Eighty-eight patients Periodontal disease Coronary artery disease White blood cell count. Tooth loss was linked with the presence of
obstructive CAD in patients experiencing
coronary assessment.

Haemoglobin
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglyceride
Fasting glucose
Glycated haemoglobin

Emingil 2000 [77] Clinical study 120 patients Periodontal disease Acute myocardial infarction
and chronic coronary heart
disease

Missing teeth, restorations, probing depth
(PD) and bleeding on probing (BOP) were
recorded. Blood samples were taken on
admission for measurements of serum to-
tal cholesterol, triglycerides, high density
lipoprotein cholesterol (HDL-cholesterol),
low density lipoprotein cholesterol (LDL-
cholesterol), and fasting blood glucose level

Periodontal disease might be linked with
acute myocardial infarction.
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Table 2. Continued.
Study (year) Type of study Number of par-

ticipants
Oral health condition Cardiovascular

disease
Biomarkers measured Principal outcomes

Stenman 2009 [78] A cross-sectional study n = 1056 Chronic periodontitis
(CP)

Ischemic heart dis-
ease (IHD)

Number of missing teeth, age, body mass index,
waist/hip ratio, life satisfaction, hypertension, and
levels of cholesterol and triglycerides

Periodontitis did not seem to have a statis-
tically significant relationship with IHD.
The number of missing teeth showed a
strong association with IHD.

Eno Belinga 2018 [79] A prospective observa-
tional study

558 patients Periodontal disease Cardiovascular
diseases

Non measured A link between periodontal diseases and
cardiovascular diseases were highlighted
in this study.

Petersen 2013 [80] Retroscpective 531 patients Chronic apical peri-
odontitis (CAP)

Atherosclerosis The volume of the aortic atherosclerotic burden A correlation between CAP without
endodontic treatment and aortic
atherosclerotic burden was found.Endodontic therapy

Cotti 2011 [81] Prospective 40 mens AP Atherosclerosis All subjects underwent dental examination and com-
plete cardiac assessment: physical examination,
electrocardiogram, conventional and tissue Doppler
echocardiography, and measurement of endothelial
flow reserve (EFR). The following laboratory pa-
rameters were tested: interleukins -1, -2, and -6
(IL-1, IL-2, IL-6), tumor necrosis factor alpha, and
asymmetrical dimethylarginine (ADMA)

IncreasedADMA levels and their relation-
ship with poor EFR and increased IL-2
might suggest the existence of an early en-
dothelial dysfunction in young adults with
AP.

Byon 2020 [82] Retrospective Matched 52,425
participants

Periodontitis Atherosclerotic Propensity score matching The presence of periodontitis increased
the risk of atherosclerosis.Cohort Study

Çalapkorur 2016 [83] Cross-sectional study 60 patients Periodontal disease Peripheral arterial
disease (PAD)

Ankle–brachial index values Periodontitis did increase the odds ratio
for having PAD.

Chen 2012 [84] Prospective cohort design 1 million per-
sons

Tooth scaling Cardiovascular
events

Propensity score matching Tooth scaling was associated with a re-
duced risk for upcoming cardiovascular
events.

Vedin 2017 [85] Clinical trial 15,828
participants

Tooth loss Coronary heart
disease

Tooth loss levels An association between tooth loss and
coronary heart disease was found.Linear and Cox regression models

Gugnani 2021 [86] Parallel-group, unicentric,
randomized, assessor-
blinded, superiority trial

48 patients Severe periodontitis Endothelial func-
tion

Cytokine levels Treatment of severe periodontitis im-
proved the endothelial function.
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Table 2. Continued.
Study (year) Type of study Number of par-

ticipants
Oral health condition Cardiovascular disease Biomarkers measured Principal outcomes

Santos‐Paul 2019 [87] Single‐center, obser-
vational study

409 patients Periodontitis Cardiovascular mortality Demographic, clinical, and laboratory character-
istics

Treatment of periodontitis reduced the inci-
dence of cardiovascular events.

Oliver 2018 [88] Retrospective 428 children Poor oral health Infective endocarditis Medical and dental records Age, socio-economic status, and enamel de-
fects were associated with caries experience,
not severity of cardiac diagnoses.

Mariott 2013 [89] Controlled clinical
trial

64 patients CP Heart disease C-reactive protein (CRP) and interleukin-6 (IL-
6) levels

Treatment of periodontal disease reduced the
risk of heart disease.

Persson 2003 [90] Clinical research 80 subjects CP Acute myocardial infarc-
tion (AMI)

Non-measured Patients who at routine dental visits establish
sign of bone loss nearby numerous teeth can
probably be recognized as being at risk for fu-
ture AMI.

Byun 2020 [91] Cross-Sectional
Analysis

173,209 partici-
pants

Periodontitis Cerebral stroke/ischemic
heart disease

History of hypertension, diabetes mellitus, hy-
perlipidemia cerebral stroke (hemorrhagic or is-
chemic), ischemic heart disease (angina or my-
ocardial infarction), and periodontitis. Their
body mass index, smoking habit, alcohol intake
nutritional intake, and income were recorded

An association between periodontitis and car-
diovascular disease existed.

DeStefano 1993 [92] Prospective cohort
study

9760 subjects Dental disease Coronary heart disease Incidence of mortality or admission to hospital
because of coronary heart disease; total mortality

Dental disease was associated with an in-
creased risk of coronary heart disease.

Naudi 2006 [93] Retrospective study 195 subjects Dental health and
preventive practices of
child patients

Congenital heart disease Oral examination Children with cardiac problems should be
identified in early infancy through liaison with
medical colleagues and the family offered all
the preventive advice and regular dental care
necessary to prevent dental disease.

Findler 2013 [94] A retrospective ob-
servational compari-
son study

54 patients Dental disease Refractory heart failure Non measured This study provided essential dental treatment
for severe heart failure patients with special at-
tention to their medical problems and the use
of medications and supporting means to pre-
vent health-compromising situations is recom-
mended.

Skilton 2011 [95] A randomized, con-
trolled trial study

450 adults Periodontal disease Vascular health and in-
flammation

Inflammatory mediators (IL-1, IL-6, TNF) Periodontal disease was related to CVD.
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Table 2. Continued.
Study (year) Type of study Number of par-

ticipants
Oral health condition Cardiovascular disease Biomarkers measured Principal outcomes

Saffi 2013 [96] A randomized, paral-
lel design, examiner
blinded, controlled
clinical trial

100 participants Periodontal therapy Coronary artery disease C-reactive protein, endothelial function,
lipids and proinflammatory biomarkers

A relation between periodontal treatment and
coronary artery disease existed.

Caúla 2014 [97] Randomized clinical
trial

64 patients Severe chronic peri-
odontitis

Cardiovascular risk mark-
ers

Inflammatory markers A reduction in the level of inflammatory
biomarkers and improvement in lipid profiles
were observed after medical treatment in pa-
tients with chronic periodontitis.

Gunupati, 2011 [98] Cross-sectional ran-
domized clinical study

72 patients CP Acute myocardial infarc-
tion

Serum IgG and IgM aCL antibodies The phase I periodontal therapy altered levels
of serum IgG and IgM aCL antibodies in pa-
tients with AMI associated with chronic peri-
odontitis.

Ide 2013 [99] Randomized clinical
study

39 patients CP Acute-phase inflammatory
and vascular responses

Circulating levels of cardiovascular and sys-
temic inflammatory markers

Improvement in periodontal health did not in-
fluence the levels of vascular markers.

Tüter 2007 [100] Clinical trial study 36 patients CP Coronary artery disease Gingival crevicular fluid (GCF) levels of
matrix metalloproteinase (MMP) -1, -8, -13
and on serum levels of high-sensitivity C-
reactive protein (hscrp) and lipid fractions

A combination produced statistically signifi-
cant benefits in both local periodontal disease
(GI and PD) and systemic biomarkers.

Cowan 2020 [101] Multicenter
population-based
prospec- tive cohort
study

6638 partici-
pants

Endodontic infection
(EI)

Risk of coronary heart
disease (CHD), ischemic
stroke (IS), heart failure
(HF), or venous throm-
boembolism (VTE)

Cox- proportional hazards regression models
were used to estimate hazard ratios

Our results do not support an independent
association between ET and development of
CHD, IS, HF, or VTE.

Koppolu 2013 [102] Clinical study 40 subjects Periodontitis CVD CRP & TNF-α Periodontal disease treatment significantly re-
duced the level of inflammatory biomarkers
reflecting a possible relationship periodontitis
and the pathogenesis of CVD.

Toregeani 2015 [103] Clinical research 98 patients Periodontal disease Atherosclerosis Carotid intima-media thickness (CIMT) and
expression of laboratory markers

Preventing periodontal disease helped in pre-
venting atherosclerosis.

Hoke 2011 [104] Prospective 411 patients Dental disease Atherosclerosis Hyperlipidaemia Dental status and oral hygiene were associated
with mortality in patients with carotid
atherosclerosis regardless of conventional
cardiovascular risk factors.

Total cholesterol (mg/dL)
Low-density lipoprotein cholesterol High-
density lipoprotein cholesterol Glycated
haemoglobin11
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Table 2. Continued.
Study (year) Type of study Number of participants Oral health condition Cardiovascular

disease
Biomarkers measured Principal outcomes

Huang 2018 [105] Cohort 3613 patients Periodontal disease Atherosclerotic
vascular disease

Cox proportional hazard model A reduction in cardiovascular risk was observed af-
ter an intensive treatment of periodontal disease.

Bresolin 2013 [106] Prospective clinical
study

33 children Periodontal treatment Atherosclerosis Lipid profiles and inflammatory markers Periodontal treatments were effective in children
with congenital heart disease.

Chou 2015 [107] A population-based
follow-Up Study

32,504 adult patients Treated Periodontitis Cardiovascular
Events

Gender, hyperlipidemia, hypertension,
and diabetes mellitus

Periodontitis was linked to an increased risk of car-
diovascular events.

Bokhari 2012 [108] Randomized
controlled trial

317 patients Non-surgical
periodontal therapy

Coronary heart
disease

Serum CRP levels In the context of coexisting periodontitis and
coronary artery disease, non-surgical mechanical
periodontal approach decreased the levels of hs
C-reactive protein, fibrinogen and white blood cells.

Fibrinogen and white blood cells

Holmlund 2010 [109] Cohort 7674 Subjects Oral health Cardiovascular
mortality

Evaluation of the relation between re-
maining teeth, grading of periodontal
disease, deep of periodontal pockets,
bleeding on probe and cause of mortal-
ity

CVD is linked to oral health status.

Janket 2014 [110] Cohort 256 consecutive coronary
artery disease patients

Oral infection Cardiovascular
mortality

C-reactive protein, fibrinogen An improvement of 27% in CVD survival has been
observed after incrementation of 10 teeth.
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3. Results
The search resulted in the retrieval of 6680 records.

After removal of duplicates, 6384 articles were screened,
and 6294 were excluded based on the title or abstract. A to-
tal of 90 full-text articles were assessed for eligibility [20–
110]. Of these, eight were not considered for the qualita-
tive analysis: two were reviews [24,54], two did not eval-
uated any CVD [51,63], one was a pilot intervention study
[32], one was an editorial letter [37], one was a clinical pro-
tocol [56] and one was a congress abstract [67]. Finally,
82 manuscripts were considered for the qualitative analy-
sis (Fig. 1). Characteristics of the included studies in this
systematic review are summarized in Table 2 (Ref. [21–
23,25–31,33–36,38–50,52,53,55,57–62,64–66,68–110]).

Regarding oral health conditions, most of the stud-
ies evaluated the tooth loss and periodontal disease while
the assessed cardiovascular events were stroke, CAD,
acute myocardial infarction, peripheral artery disease, and
atherosclerotic disease. Findings from the included stud-
ies in this systematic review were in favor of an association
between the poor oral conditions (especially for the reduc-
tion in tooth number and periodontal disease) and the inci-
dence of cardiovascular events (particularly for stroke and
CAD). Also, the presence of periodontal disease was asso-
ciated with higher level of inflammatory biomarkers.

Out of the 84 studies, ten studies failed to reveal a
link between gum disease and CVD [5,27,38,39,42,50,58,
59,99,101]. Two studies declined the connection between
periodontitis and ischemic heart disease while it showed
an association between tooth loss and ischemic heart dis-
ease [43,78]. Otherwise, tooth loss was associated with
increased in cardiac mortality [21,46], death from stroke
[21], CAD [23,76,85], adverse cardiovascular outcomes
[69], atherosclerosis [34], peripheral artery disease [40], in-
flammatory, hemostatic, and cardiac biomarkers [45] and
impaired cardiovascular survival [41]. Periodontal disease
was associated with CAD [25,44,64,96], peripheral artery
disease [30,83], acute myocardial infarction [31,77], stroke
[31], adverse cardiovascular events [31,70,72,107], coro-
nary artery ectasia [36], valvular heart disease [60], cardio-
vascular disease [79,91,95,102] and atherosclerosis [82]. In
parallel, patients with CAD express higher level of peri-
odontal disease indicators and have poor oral conditions
[22,68]. A reduction in systemic inflammatory and car-
diac biomarkers [33,48,57,62], improvement in lipid pro-
file [33], decreasing in prevalence of acute myocardial in-
farction [55], heart failure [55], cardiovascular events [87],
heart disease [89] and improvement in endothelial function
[86] have been observed after periodontitis treatment and
good oral health care. Lastly, increment of 10 teeth from
the edentulous state resulted in 27% improvement in CVD
survival [110].

4. Discussion
In this review, the association between dental condi-

tions and development of CVDwas studied and results were
in favor for a positive association between tooth loss, peri-
odontal disease, and CVD (Fig. 2). Conventional risk fac-
tors for atherosclerosis and CAD such as smoking, diabetes,
hypertension, high low-density lipoprotein (LDL) serum
level, obesity, male gender, and genetic predisposition have
been evidently recognized and systematically searched after
cardiovascular event [111]. Smoking and familial history
play the pivotal role in the development of CVD in young
patients [112]. Unconventional risk factors like chronic in-
flammatory reactions have also been identified as predictors
of CVD. When the inflammation occurs, circulating mark-
ers and hemostatic factors were diligently linked with the
development of myocardial infarction [113]. Particularly,
chronic oral infection was associated with chronic heart dis-
eases [114,115]. Dental infections were associated with an
increased prevalence of heart disease [75,116], as the oral
cavity was the main site of inflammation and chronic infec-
tion, especially in cases of tooth loss and chronic periodon-
tal diseases [75,117]. Many studies have discovered that the
long-standing inflammatory stimuli of dental infection was
implicated in the pathogenesis of CVD [117,118], though
further analyses have failed to notice a strong relationship
between CVD and dental infection [39–114]. Oikarinen et
al. [119] have documented a higher rate of periodontal in-
fection among patients with CAD and Söder B et al. [118]
have revealed that a high dental calculus score was corre-
lated with increased incidence of angina pectoris. With re-
gards to tooth loss and CAD and stroke risk, there are sev-
eral unsolved issues [120]. The results obtained from this
review suggest that there is a relationship between the num-
ber of teeth loss and the presence of cardiovascular events,
like CAD, peripheral arterial disease, and increased risk of
stroke death. This could be explained by the fact that first
the number of tooth loss might be linked to some inflam-
matory, hemostatic, and cardiac biomarkers [45]. Second,
one should consider that the main cause of tooth loss is den-
tal caries, and carbohydrate intake is the chief dental caries
cause. If specialist consider that carbohydrate intake is as-
sociated with increased risk of CVD and stroke, then the
number of tooth loss could have indirect impact on these
two last mentioned diseases [121]. Third, as the progress of
tooth damage destroys periodontal tissues, thus oral micro-
bial will accumulate into oral tissue, therefore promoting its
growth and resulting in an increased risk of CVD and stroke
[122]. All these factors were trustworthy for elucidating the
relation between the CVD and tooth loss. Also, the release
and persistence of early inflammatory biomarkers of peri-
odontitis like TGF-β, transglutaminases and NLRP3 accel-
erate atherosclerotic plaque development [123]. Inflamma-
tory proteins have been associated in several observational
studies with endothelial dysfunction, atheroma plaque de-
velopment and cardiovascular events [124]. Details of the
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Fig. 2. Review’s rational and findings with the potential mechanisms linking gum disease and development of cardiovascular
disease.

biological processes that lead to the systemic inflammatory
reaction in the setting of periodontal diseases are not well
understood. It maybe seems that these elevations of sys-
temic inflammatory markers occur in response to the expo-
sure to oral bacteria. Another hypothesis considers that cy-
tokines secreted by the inflamed periodontal tissues would
cross the blood stream causing a systemic inflammation
[125].

In this context studying the link between oral and car-
diovascular diseases, there is another topic of great impor-
tance that is worth mentioning. It is the concern of patients

taking anticoagulant for cardiovascular disease andwho un-
dergo dental procedures. The management of such as pa-
tients seems much more complicated by dentists especially
in the absence of a clear implemented protocol [126].

Several hypotheses have been raised to explain the as-
sociation between dental and CVD. For example, pathogens
causing gingivitis and periodontitis can travel into blood
vessels elsewhere in the organism resulting in inflamma-
tion of the vascular wall, parietal damage and blood clots
formation [122]. This rational was supported by poly-
merase chain reaction detection of oral bacterial remnants
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like streptococcus mutans, porphyromonas gingivalis, pre-
votella intermedia and tannerella forsythia in the fatty de-
posits within the atherosclerotic vessels [127–129]. It re-
mains unclear by which mechanism periodontal pathogens
could influence atherosclerosis after direct endothelial cells
invasion. Triggering foam cell formation or provoking a
state of secondary inflammation through their intracellu-
lar persistence leading to endothelial dysfunction have been
suggested [130]. Another theory depends on the body’s im-
mune response to chronic inflammatory process that sets off
a cascade of vascular damage throughout the body includ-
ing heart and brain. Periodontitis activates a systematic in-
flammatory response that produces high levels of different
cytokines like Il-1β, Il-6, Il-8 and TNF-α also playing a
role in the pathophysiology of atherosclerotic vascular dis-
ease [131]. Lastly, it could be possible that gum disease
and CVD are not directly connected but they may occur to-
gether in the presence of third common factor or potential
confounders such as smoking, unhealthy diet, poor hygiene,
lack of exercise and poor access to healthcare. Indeed, indi-
viduals without health insurance or who don’t take care of
their global health are more likely to have worse oral con-
ditions and CVD. Noteworthy that periodontal disease and
CVD share genetic predisposition via at least one suscepti-
bility locus [132,133].

Overall, gum disease and CVD are multifactorial dis-
orders requiring interaction between several factors and any
potential contribution of one disease to the pathology of
other should be carefully interpreted as many confounding
variables affect both conditions. Health care professionals
have to be aware of this association. Thus, dental practi-
tioners should advise patients with severe periodontitis to
check with physicians for atherosclerosis and cardiologists
should insist on the importance of good oral hygiene.

5. Conclusion
In conclusion, the results obtained from this system-

atic review suggests that oral condition, especially the num-
ber of remaining teeth and the presence of periodontal dis-
ease increase the risk of cardiovascular events. It is like-
lihood that the association is mainly related to a chronic
persistent systemic inflammatory reaction. Future research
must be directed, especially randomized controlled clinical
trials, with the purpose of gaining a better understanding of
the link between oral and cardiac diseases.

Author Contributions
AM, LH and JR designed the research study. RB,

CECS and LH performed the research. All authors ana-
lyzed the data. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
ToulouseUniversity Hospital provides article process-

ing charge.

Conflict of Interest
The authors declare no conflict of interest. Anthony

Matta and Jerome Roncalli are serving as Guest Editors of
this journal. We declare that Anthony Matta and Jerome
Roncalli had no involvement in the peer review of this ar-
ticle and has no access to information regarding its peer re-
view. Full responsibility for the editorial process for this
article was delegated to Gary Tse, Sharen Lee and Tong Liu.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2406159.

References
[1] Ebner BF, Chueng T, Martinez CA. Epigenetics, HIV, and

Cardiovascular Disease Risk. Current Problems in Cardiology.
2021; 46: 100615.

[2] Mensah GA, Roth GA, Fuster V. The Global Burden of Car-
diovascular Diseases and Risk Factors. Journal of the American
College of Cardiology. 2019; 74: 2529–2532.

[3] Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC,
Bäck M, et al. 2021 ESC Guidelines on cardiovascular disease
prevention in clinical practice. European Heart Journal. 2021;
42: 3227–3337.

[4] Fuster V, Kelly BB. Promoting Cardiovascular Health in the De-
velopingWorld: A Critical Challenge to Achieve Global Health.
Committee on Preventing the Global Epidemic of Cardiovascu-
lar Disease: Meeting the Challenges in Developing Countries.
National Academies Press (US): Washington (DC). 2010.

[5] Hujoel PP, Drangsholt M, Spiekerman C, Derouen TA. Examin-
ing the link between coronary heart disease and the elimination
of chronic dental infections. The Journal of the American Dental
Association. 2001; 132: 883–889.

[6] Dhadse P, Gattani D, Mishra R. The link between periodontal
disease and cardiovascular disease: how far we have come in
last two decades ? Journal of Indian Society of Periodontology.
2010; 14: 148–154.

[7] Jansson L, Lavstedt S, Frithiof L, Theobald H. Relationship be-
tween oral health and mortality in cardiovascular diseases. Jour-
nal of Clinical Periodontology. 2001; 28: 762–768.

[8] Joshipura KJ, Douglass CW, Willett WC. Possible explanations
for the tooth loss and cardiovascular disease relationship. Annals
of Periodontology. 1998; 3: 175–183.

[9] Meurman JH, Qvarnström M, Janket S, Nuutinen P. Oral health
and health behavior in patients referred for open-heart surgery.
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
and Endodontology. 2003; 95: 300–307.

[10] Aoyama N, Suzuki JI, Kobayashi N, Hanatani T, Ashigaki
N, Yoshida A, et al. Associations among tooth loss, systemic

15

https://doi.org/10.31083/j.rcm2406159
https://doi.org/10.31083/j.rcm2406159
https://www.imrpress.com


inflammation and antibody titers to periodontal pathogens in
Japanese patients with cardiovascular disease. Journal of Peri-
odontal Research. 2018; 53: 117–122.

[11] Frisk F, Hakeberg M, Ahlqwist M, Bengtsson C. Endodontic
variables and coronary heart disease. Acta Odontologica Scan-
dinavica. 2003; 61: 257–262.

[12] Caplan DJ, Chasen JB, Krall EA, Cai J, Kang S, Garcia RI, et
al. Lesions of Endodontic Origin and Risk of Coronary Heart
Disease. Journal of Dental Research. 2006; 85: 996–1000.

[13] Aldossri M, Farmer J, Saarela O, Rosella L, Quiñonez C. Oral
Health and Cardiovascular Disease: Mapping Clinical Hetero-
geneity andMethodological Gaps. JDR Clinical & Translational
Research. 2021; 6: 390–401.

[14] D’Aiuto F, Parkar M, Andreou G, Suvan J, Brett PM, Ready
D, et al. Periodontitis and Systemic Inflammation: Control of
the Local Infection is Associated with a Reduction in Serum
Inflammatory Markers. Journal of Dental Research. 2004; 83:
156–160.

[15] Gao S, Tian J, Li Y, Liu T, Li R, Yang L, et al. Periodontitis
and Number of Teeth in the Risk of Coronary Heart Disease:
AnUpdatedMeta-Analysis.Medical ScienceMonitor. 2021; 27:
e930112.

[16] Janket S, Qvarnström M, Meurman JH, Baird AE, Nuutinen
P, Jones JA. Asymptotic Dental Score and Prevalent Coronary
Heart Disease. Circulation. 2004; 109: 1095–1100.

[17] Berlin-Broner Y, Febbraio M, Levin L. Association between
apical periodontitis and cardiovascular diseases: a systematic
review of the literature. International Endodontic Journal. 2017;
50: 847–859.

[18] An GK, Morse DE, Kunin M, Goldberger RS, Psoter WJ. Asso-
ciation of Radiographically Diagnosed Apical Periodontitis and
Cardiovascular Disease: a Hospital Records–based Study. Jour-
nal of Endodontics. 2016; 42: 916–920.

[19] González Navarro B, Pintó Sala X, Jané Salas E. Relationship
between cardiovascular disease and dental pathology. System-
atic review. Medicina ClíNica. 2017; 149: 211–216.

[20] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BritishMedical Jour-
nal. 2021; 372: n71.

[21] Abnet CC, Qiao Y, Dawsey SM, Dong Z, Taylor PR, Mark
SD. Tooth loss is associated with increased risk of total death
and death from upper gastrointestinal cancer, heart disease, and
stroke in a Chinese population-based cohort. International Jour-
nal of Epidemiology. 2005; 34: 467–474.

[22] Aoyama N, Kobayashi N, Hanatani T, Ashigaki N, Yoshida
A, Shiheido Y, et al. Periodontal condition in Japanese coro-
nary heart disease patients: a comparison between coronary and
non‐coronary heart diseases. Journal of Periodontal Research.
2019; 54: 259–265.

[23] Batty GD, Jung KJ, Mok Y, Lee SJ, Back JH, Lee S, et al. Oral
health and later coronary heart disease: Cohort study of one mil-
lion people. European Journal of Preventive Cardiology. 2018;
25: 598–605.

[24] Beck JD, Offenbacher S. Systemic Effects of Periodontitis: Epi-
demiology of Periodontal Disease and Cardiovascular Disease.
Journal of Periodontology. 2005; 76: 2089–2100.

[25] Berent R, Auer J, Schmid P, Krennmair G, Crouse SF, Green JS,
et al. Periodontal and coronary heart disease in patients under-
going coronary angiography. Metabolism. 2011; 60: 127–133.

[26] Boillot A, Demmer RT, Mallat Z, Sacco RL, Jacobs DR, Benes-
siano J, et al. Periodontal microbiota and phospholipases: the
Oral Infections and Vascular Disease Epidemiology Study (IN-
VEST). Atherosclerosis. 2015; 242: 418–423.

[27] Boillot A, Range H, Danchin N, Kotti S, Cosler G, Czerni-
chow S, et al. Periodontopathogens antibodies and major ad-

verse events following an acute myocardial infarction: results
from the French Registry of Acute ST-Elevation and Non-ST-
Elevation Myocardial Infarction (FAST-MI). Journal of Epi-
demiology and Community Health. 2016; 70: 1236–1241.

[28] Bokhari SAH, Khan AA, Butt AK, Hanif M, Izhar M, Tatakis
DN, et al. Periodontitis in coronary heart disease patients: strong
association between bleeding on probing and systemic biomark-
ers. Journal of Clinical Periodontology. 2014; 41: 1048–1054.

[29] Caplan DJ, Pankow JS, Cai J, Offenbacher S, Beck JD. The Re-
lationship between Self-Reported History of Endodontic Ther-
apy and Coronary Heart Disease in the Atherosclerosis Risk in
Communities Study. The Journal of the American Dental Asso-
ciation. 2009; 140: 1004–1012.

[30] Cho D, Song I, Choi J, Gwon JG. Risk of peripheral arterial
disease in patients with periodontitis: a nationwide, population-
based, matched cohort study. Atherosclerosis. 2020; 297: 96–
101.

[31] Cho HJ, Shin MS, Song Y, Park SK, Park SM, Kim HD. Se-
vere Periodontal Disease Increases Acute Myocardial Infarction
and Stroke: a 10-Year Retrospective Follow-up Study. Journal
of Dental Research. 2021; 100: 706–713.

[32] D’Aiuto F, Parkar M, Andreou G, Brett PM, Ready D, Tonetti
MS. Periodontitis and atherogenesis: causal association or sim-
ple coincidence? Journal of Clinical Periodontology. 2004; 31:
402–411.

[33] D’Aiuto F, Parkar M, Nibali L, Suvan J, Lessem J, Tonetti MS.
Periodontal infections cause changes in traditional and novel
cardiovascular risk factors: Results from a randomized con-
trolled clinical trial. American Heart Journal. 2006; 151: 977–
984.

[34] Desvarieux M, Demmer RT, Rundek T, Boden-Albala B, Jacobs
DR, Papapanou PN, et al. Relationship between Periodontal Dis-
ease, Tooth Loss, and Carotid Artery Plaque: the Oral Infections
and Vascular Disease Epidemiology Study (INVEST). Stroke.
2003; 34: 2120–2125.

[35] Glodny B, Nasseri P, Crismani A, Schoenherr E, Luger AK,
Bertl K, et al. The occurrence of dental caries is associated with
atherosclerosis. Clinics. 2013; 68: 946–953.

[36] Gürkan U, Yağmur S, Akgöz H, Aksoy S, Öz D, Akyüz S, et
al. Severity of Periodontitis in Patients with Isolated Coronary
Artery Ectasia. International Heart Journal. 2014; 55: 296–300.

[37] Haynes WG, Stanford C. Periodontal Disease and Atherosclero-
sis: From Dental to Arterial Plaque. Arteriosclerosis, Thrombo-
sis, and Vascular Biology. 2003; 23: 1309–1311.

[38] Howell TH, Ridker PM, Ajani UA, Christen WG, Hennekens
CH. Periodontal disease and risk of subsequent cardiovascular
disease in U.S. male physicians. Journal of the American Col-
lege of Cardiology. 2001; 37: 445–450.

[39] Hujoel PP. Periodontal Disease and Coronary Heart Disease
Risk. Journal of the American Medical Association. 2000; 284:
1406.

[40] Hung H, Willett W, Merchant A, Rosner BA, Ascherio A, Jo-
shipura KJ. Oral Health and Peripheral Arterial Disease. Circu-
lation. 2003; 107: 1152–1157.

[41] Janket SJ, Surakka M, Jones JA, Lam A, Schnell RA, Rose LM,
et al. Removable dental prostheses and cardiovascular survival:
a 15-year follow-up study. Journal of Dentistry. 2013; 41: 740–
746.

[42] Johansson CS, Ravald N, Pagonis C, Richter A. Periodontitis in
Patients with Coronary Artery Disease: an 8-Year Follow-up.
Journal of Periodontology. 2014; 85: 417–425.

[43] Joshipura KJ, Rimm EB, Douglass CW, Trichopoulos D, As-
cherio A,WillettWC. Poor Oral Health and Coronary Heart Dis-
ease. Journal of Dental Research. 1996; 75: 1631–1636.

[44] Khouja T, Miller RG, Moore PA, Orchard TJ, Costacou T. Pe-
riodontal disease, smoking, cardiovascular complications and

16

https://www.imrpress.com


mortality in type 1 diabetes. Journal of Diabetes and its Com-
plications. 2019; 33: 603–609.

[45] Kotronia E, Wannamethee SG, Papacosta AO, Whincup PH,
Lennon LT, Visser M, et al. Poor Oral Health and Inflammatory,
Hemostatic, andCardiac Biomarkers inOlder Age: Results from
Two Studies in the UK and USA. The Journals of Gerontology:
Series A. 2021; 76: 346–351.

[46] Li X, Tse HF, Yiu KH, Li LS, Jin L. Effect of periodontal
treatment on circulating CD34(+) cells and peripheral vascular
endothelial function: a randomized controlled trial. Journal of
Clinical Periodontology. 2011; 38: 148–156.

[47] Lockhart PB, Brennan MT, Thornhill M, Michalowicz BS, Noll
J, Bahrani-Mougeot FK, et al. Poor oral hygiene as a risk factor
for infective endocarditis–related bacteremia. the Journal of the
American Dental Association. 2009; 140: 1238–1244.

[48] Montenegro MM, Ribeiro IWJ, Kampits C, Saffi MAL, Furtado
MV, Polanczyk CA, et al. Randomized controlled trial of the ef-
fect of periodontal treatment on cardiovascular risk biomarkers
in patients with stable coronary artery disease: Preliminary find-
ings of 3 months. Journal of Clinical Periodontology. 2019; 46:
321–331.

[49] Morrison HI, Ellison LF, Taylor GW. Periodontal Disease and
Risk of Fatal Coronary Heart and Cerebrovascular Diseases. Eu-
ropean Journal of Cardiovascular Risk. 1999; 6: 7–11.

[50] Nakib SA, Pankow JS, Beck JD, Offenbacher S, Evans GW,
Desvarieux M, et al. Periodontitis and Coronary Artery Calcifi-
cation: the Atherosclerosis Risk in Communities (ARIC) Study.
Journal of Periodontology. 2004; 75: 505–510.

[51] Naorungroj S, SchoenbachVJ,Wruck L,Mosley TH,Gottesman
RF, Alonso A, et al. Tooth loss, periodontal disease, and cogni-
tive decline in the Atherosclerosis Risk in Communities (ARIC)
study. Community Dentistry and Oral Epidemiology. 2015; 43:
47–57.

[52] Napora M, Ganowicz E, Gorska R. Prospective Analysis of
the Relationship between the State of Periodontal Tissues and
Changes in Selected Cardiovascular Parameters in Patients
with Type 2 Diabetes. Advances in Clinical and Experimental
Medicine. 2016; 25: 879–886.

[53] Offenbacher S, Beck JD, Moss K, Mendoza L, Paquette DW,
Barrow DA, et al. Results from the Periodontitis and Vascular
Events (PAVE) Study: a Pilot Multicentered, Randomized, Con-
trolled Trial to Study Effects of Periodontal Therapy in a Sec-
ondary Prevention Model of Cardiovascular Disease. Journal of
Periodontology. 2009; 80: 190–201.

[54] Papapanou PN. Systemic effects of periodontitis: lessons
learned from research on atherosclerotic vascular disease and ad-
verse pregnancy outcomes. International Dental Journal. 2015;
65: 283–291.

[55] Peng C, Yang Y, Chan K, Kornelius E, Chiou J, Huang C. Pe-
riodontal Treatment and the Risks of Cardiovascular Disease in
Patients with Type 2 Diabetes: a Retrospective Cohort Study.
Internal Medicine. 2017; 56: 1015–1021.

[56] Ramírez JH, Arce RM, Contreras A. Periodontal treatment
effects on endothelial function and cardiovascular disease
biomarkers in subjects with chronic periodontitis: protocol for a
randomized clinical trial. Trials. 2011; 12: 46.

[57] Saffi MAL, Rabelo-Silva ER, Polanczyk CA, Furtado MV,
Montenegro MM, Ribeiro IWJ, et al. Periodontal therapy and
endothelial function in coronary artery disease: a randomized
controlled trial. Oral Diseases. 2018; 24: 1349–1357.

[58] Seinost G, Horina A, Arefnia B, Kulnik R, Kerschbaumer S,
Quehenberger F, et al. Periodontal treatment and vascular in-
flammation in patients with advanced peripheral arterial disease:
a randomized controlled trial. Atherosclerosis. 2020; 313: 60–
69.

[59] Shearer DM, Thomson WM, Cameron CM, Ramrakha S, Wil-

son G, Wong TY, et al. Periodontitis and multiple markers of
cardiometabolic risk in the fourth decade: a cohort study. Com-
munity Dentistry and Oral Epidemiology. 2018; 46: 615–623.

[60] Sia S, Jan M, Wang Y, Huang Y, Wei JC. Periodontitis is asso-
ciated with incidental valvular heart disease: a nationwide pop-
ulation‐based cohort study. Journal of Clinical Periodontology.
2021; 48: 1085–1092.

[61] Spahr A, Klein E, Khuseyinova N, Boeckh C, Muche R, Kunze
M, et al. Periodontal infections and coronary heart disease: role
of periodontal bacteria and importance of total pathogen burden
in the Coronary Event and Periodontal Disease (CORODONT)
study. Archives of Internal Medicine. 2006; 166: 554.

[62] Subha DS, Pradeep T. Periodontal Therapy with 0.25%Lemon-
grass Oil Mouthwash in Reducing Risk of Cardiovascular
Diseases: A 3-Arm Prospective Parallel Experimental Study.
Ethiopian Journal of Health Sciences. 2017; 27: 531–540.

[63] Suzuki H,MatsuoK,OkamotoM,Nakata H, SakamotoH, Fujita
M. Preoperative periodontal treatment and its effects on postop-
erative infection in cardiac valve surgery. Clinical and Experi-
mental Dental Research. 2019; 5: 485–490.

[64] Tiensripojamarn N, Lertpimonchai A, Tavedhikul K, Udomsak
A, Vathesatogkit P, Sritara P, et al. Periodontitis is associated
with cardiovascular diseases: a 13‐year study. Journal of Clini-
cal Periodontology. 2021; 48: 348–356.

[65] Tonetti MS. Periodontitis and risk for atherosclerosis: an update
on intervention trials. Journal of Clinical Periodontology. 2009;
36: 15–19.

[66] Ueno M, Izumi Y, Kawaguchi Y, Ikeda A, Iso H, Inoue M, et al.
Prediagnostic Plasma Antibody Levels to Periodontopathic Bac-
teria and Risk of Coronary Heart Disease. International Heart
Journal. 2012; 53: 209–214.

[67] Vedin O, Hagström E, Gallup D, Neely M, Stewart R, Koenig
W, et al. Tooth loss is highly prevalent and associated with car-
diovascular risk factors in patients with chronic coronary heart
disease in the global stability trial. Journal of the American Col-
lege of Cardiology. 2013; 61: E1368.

[68] Vedin O, Hagström E, Gallup D, Neely ML, Stewart R, Koenig
W, et al. Periodontal disease in patients with chronic coronary
heart disease: Prevalence and association with cardiovascular
risk factors. European Journal of Preventive Cardiology. 2015;
22: 771–778.

[69] Vedin O, Hagström E, Budaj A, Denchev S, Harrington RA,
Koenig W, et al. Tooth loss is independently associated with
poor outcomes in stable coronary heart disease. European Jour-
nal of Preventive Cardiology. 2016; 23: 839–846.

[70] Vernon LT, Babineau DC, Demko CA, Lederman MM, Wang
X, Toossi Z, et al. A Prospective Cohort Study of Periodontal
Disease Measures and Cardiovascular Disease Markers in HIV-
Infected Adults. AIDSResearch and Human Retroviruses. 2011;
27: 1157–1166.

[71] Wilson K, Liu Z, Huang J, Roosaar A, Axéll T, Ye W. Poor oral
health and risk of incident myocardial infarction: a prospective
cohort study of Swedish adults, 1973–2012. Scientific Reports.
2018; 8: 11479.

[72] Xu F, Lu B. Prospective association of periodontal disease with
cardiovascular and all-cause mortality: NHANES III follow-up
study. Atherosclerosis. 2011; 218: 536–542.

[73] Gomes MS, Hugo FN, Hilgert JB, Sant’Ana Filho M, Padilha
DMP, Simonsick EM, et al. Apical periodontitis and incident
cardiovascular events in the Baltimore Longitudinal Study of
Ageing. International Endodontic Journal. 2016; 49: 334–342.

[74] Isola G, Polizzi A, Muraglie S, Leonardi R, Lo Giudice A. As-
sessment of Vitamin C and Antioxidant Profiles in Saliva and
Serum in Patients with Periodontitis and Ischemic Heart Dis-
ease. Nutrients. 2019; 11: 2956.

[75] Pasqualini D, Bergandi L, Palumbo L, Borraccino A, Dambra V,

17

https://www.imrpress.com


Alovisi M, et al. Association among Oral Health, Apical Peri-
odontitis, CD14 Polymorphisms, and Coronary Heart Disease in
Middle-aged Adults. Journal of Endodontics. 2012; 38: 1570–
1577.

[76] Lee H, Kim H, Jin KN, Oh S, Han Y, Jung D, et al. Association
between dental health and obstructive coronary artery disease:
an observational study. BMC Cardiovascular Disorders. 2019;
19: 98.

[77] Emingil G, Buduneli E, AliyevA, Akilli A, Atilla G. Association
between Periodontal Disease and Acute Myocardial Infarction.
Journal of Periodontology. 2000; 71: 1882–1886.

[78] Stenman U, Wennström A, Ahlqwist M, Bengtsson C,
Björkelund C, Lissner L, et al. Association between periodon-
tal disease and ischemic heart disease among Swedish women:
a cross-sectional study. Acta Odontologica Scandinavica. 2009;
67: 193–199.

[79] Belinga LEE, Ngan WB, Lemougoum D, Nlo’o ASPE, Bongue
B, Ngono A, et al. Association between periodontal diseases and
cardiovascular diseases in Cameroon. Journal of Public Health
in Africa. 2018; 9: 761.

[80] Petersen J, Glaßl E, Nasseri P, Crismani A, Luger AK, Schoen-
herr E, et al. The association of chronic apical periodontitis and
endodontic therapy with atherosclerosis. Clinical Oral Investi-
gations. 2014; 18: 1813–1823.

[81] Cotti E, Dessì C, Piras A, Flore G, Deidda M, Madeddu C, et al.
Association of Endodontic Infection with Detection of an Initial
Lesion to the Cardiovascular System. Journal of Endodontics.
2011; 37: 1624–1629.

[82] Byon MJ, Kim SY, Kim JS, Kim HN, Kim JB. Association
of Periodontitis with Atherosclerotic Cardiovascular Diseases:
A Nationwide Population-based Retrospective Matched Cohort
Study. International Journal of Environmental Research and
Public Health. 2020; 17: 7261.

[83] Çalapkorur MU, Alkan BA, Tasdemir Z, Akcali Y, Saatçi E. As-
sociation of peripheral arterial disease with periodontal disease:
analysis of inflammatory cytokines and an acute phase protein
in gingival crevicular fluid and serum. Journal of Periodontal
Research. 2017; 52: 532–539.

[84] Chen Z, Chiang C, Huang C, Chung C, Chan W, Huang P, et al.
The Association of Tooth Scaling and Decreased Cardiovascular
Disease: a Nationwide Population-based Study. The American
Journal of Medicine. 2012; 125: 568–575.

[85] Vedin O, Hagström E, Östlund O, Avezum A, Budaj A, Flather
MD, et al. Associations between tooth loss and prognostic
biomarkers and the risk for cardiovascular events in patients with
stable coronary heart disease. International Journal of Cardiol-
ogy. 2017; 245: 271–276.

[86] Gugnani N, Gugnani S. Can treatment of severe periodontitis
in patients with ST-segment elevation myocardial infarction im-
prove endothelial function? Evidence-Based Dentistry. 2021;
22: 5–7.

[87] Santos‐Paul MA, Neves RS, Gowdak LHW, de Paula FJ,
David‐Neto E, Bortolotto LA, et al. Cardiovascular risk reduc-
tion with periodontal treatment in patients on the waiting list
for renal transplantation. Clinical Transplantation. 2019; 33:
e13658.

[88] Oliver K, Cheung M, Hallett K, Manton D. Caries experience
of children with cardiac conditions attending the Royal Chil-
dren’s Hospital of Melbourne. Australian Dental Journal. 2018;
63: 429–440.

[89] Mariotti G, Quaranta A, Merli M, Holtzman LP, Piemontese
M. Chronic Periodontitis and Cardiovascular Disease: a Con-
trolled Clinical Trial. European Journal of Inflammation. 2013;
11: 459–467.

[90] Rutger Persson G, Ohlsson O, Pettersson T, Renvert S. Chronic
periodontitis, a significant relationshipwith acutemyocardial in-

farction. European Heart Journal. 2003; 24: 2108–2115.
[91] Byun SH, Lee S, Kang SH, Choi HG, Hong SJ. Cross-Sectional

Analysis of the Association between Periodontitis and Cardio-
vascular Disease Using the Korean Genome and Epidemiology
Study Data. International Journal of Environmental Research
and Public Health. 2020; 17: 5237.

[92] DeStefano F, Anda RF, Kahn HS, Williamson DF, Russell CM.
Dental disease and risk of coronary heart disease and mortality.
British Medical Journal. 1993; 306: 688–691.

[93] Busuttil NA, Mooney G, El- Bahannasawy E, Vincent C, Wad-
hwa E, Robinson D, et al. The dental health and preventative
habits of cardiac patients attending the Royal Hospital for Sick
Children Glasgow. European Archives of Paediatric Dentistry.
2006; 7: 23–30.

[94] Findler M, Elad S, Kaufman E, Garfunkel AA. Dental treat-
ment for high-risk patients with refractory heart failure: a ret-
rospective observational comparison study. Quintessence Inter-
national. 2013; 44: 61–70.

[95] Skilton MR, Maple-Brown LJ, Kapellas K, Celermajer DS, Bar-
told M, Brown A, et al. The effect of a periodontal intervention
on cardiovascular risk markers in Indigenous Australians with
periodontal disease: the PerioCardio study. BMC Public Health.
2011; 11: 729.

[96] Saffi MAL, Furtado MV, Montenegro MM, Ribeiro IWJ,
Kampits C, Rabelo-Silva ER, et al. The effect of periodontal
therapy on C-reactive protein, endothelial function, lipids and
proinflammatory biomarkers in patients with stable coronary
artery disease: study protocol for a randomized controlled trial.
Trials. 2013; 14: 283.

[97] Caúla AL, Lira-Junior R, Tinoco EMB, Fischer RG. The ef-
fect of periodontal therapy on cardiovascular risk markers: a
6-month randomized clinical trial. Journal of Clinical Periodon-
tology. 2014; 41: 875–882.

[98] Gunupati S, Chava VK, Krishna BP. Effect of Phase I Peri-
odontal Therapy on Anti-Cardiolipin Antibodies in Patients with
AcuteMyocardial Infarction Associated with Chronic Periodon-
titis. Journal of Periodontology. 2011; 82: 1657–1664.

[99] Ide M, McPartlin D, Coward PY, Crook M, Lumb P, Wilson RF.
Effect of treatment of chronic periodontitis on levels of serum
markers of acute-phase inflammatory and vascular responses.
Journal of Clinical Periodontology. 2003; 30: 334–340.

[100] Tüter G, Kurtiş B, Serdar M, Aykan T, Okyay K, Yücel A, et al.
Effects of scaling and root planing and sub-antimicrobial dose
doxycycline on oral and systemic biomarkers of disease in pa-
tients with both chronic periodontitis and coronary artery dis-
ease. Journal of Clinical Periodontology. 2007; 34: 673–681.

[101] Cowan LT, Lakshminarayan K, Lutsey PL, Beck J, Offen-
bacher S, Pankow JS. Endodontic therapy and incident car-
diovascular disease: the Atherosclerosis Risk in Communities
(ARIC) study. Journal of Public Health Dentistry. 2020; 80: 79–
91.

[102] Koppolu P, Durvasula S, Palaparthy R, Rao M, Sagar V, Reddy
SK, et al. Estimate of CRP and TNF-alpha level before and after
periodontal therapy in cardiovascular disease patients. The Pan
African Medical Journal 2013; 15: 92.

[103] Toregeani JF, Nassar CA, Nassar PO, Toregeani KM, Gonzatto
GK, Vendrame R, et al. Evaluation of periodontitis treatment ef-
fects on carotid intima-media thickness and expression of lab-
oratory markers related to atherosclerosis. General Dentistry.
2016; 64: 55–62.

[104] Hoke M, Schillinger T, Mlekusch W, Wagner O, Minar E,
Schillinger M. The impact of dental disease on mortality in pa-
tients with asymptomatic carotid atherosclerosis. Swiss Medical
Weekly. 2011; 141: w13236.

[105] Huang ST, Yu TM, Ke TY, Wu MJ, Chuang YW, Li CY, et al.
Intensive Periodontal Treatment Reduces Risks of Hospitaliza-

18

https://www.imrpress.com


tion for Cardiovascular Disease and All-Cause Mortality in the
Hemodialysis Population. Journal of Clinical Medicine. 2018;
7: 344.

[106] Bresolin AC, Pronsatti MM, Pasqualotto LN, Nassar PO, Jorge
AS, da Silva EA, et al. Lipid profiles and inflammatory mark-
ers after periodontal treatment in children with congenital heart
disease and at risk for atherosclerosis. Vascular Health and Risk
Management. 2013; 9: 703–709.

[107] Chou SH, Tung YC, Lin YS, Wu LS, Lin CP, Liou EJ, et al.
Major Adverse Cardiovascular Events in Treated Periodontitis:
A Population-Based Follow-Up Study fromTaiwan. PLoSONE.
2015; 10: e0130807.

[108] Bokhari SA, Khan AA, Butt AK, Azhar M, Hanif M, Izhar M,
et al. Non-surgical periodontal therapy reduces coronary heart
disease risk markers: a randomized controlled trial. Journal of
Clinical Periodontology. 2012; 39: 1065–1074.

[109] Holmlund A, Holm G, Lind L. Number of Teeth as a Predictor
of Cardiovascular Mortality in a Cohort of 7,674 Subjects Fol-
lowed for 12 Years. Journal of Periodontology. 2010; 81: 870–
876.

[110] Janket S, Baird AE, Jones JA, Jackson EA, Surakka M, Tao
W, et al. Number of teeth, C-reactive protein, fibrinogen and
cardiovascular mortality: a 15-year follow-up study in a Finnish
cohort. Journal of Clinical Periodontology. 2014; 41: 131–140.

[111] Wilson PWF, Castelli WP, Kannel WB. Coronary risk pre-
diction in adults (the Framingham Heart Study). The American
Journal of Cardiology. 1987; 59: G91–G94.

[112] Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G,
Cifkova R, et al. Fourth Joint Task Force of the European So-
ciety of Cardiology and other Societies on Cardiovascular Dis-
ease Prevention in Clinical Practice (Constituted by representa-
tives of nine societies and by invited experts). European Journal
of Cardiovascular Prevention & Rehabilitation. 2007; 14: E1–
E40.

[113] Libby P, Ridker PM, Maseri A. Inflammation and Atheroscle-
rosis. Circulation. 2002; 105: 1135–1143.

[114] Mattila KJ, Asikainen S, Wolf J, Jousimies-Somer H, Valto-
nen V, NieminenM. Age, Dental Infections, and Coronary Heart
Disease. Journal of Dental Research. 2000; 79: 756–760.

[115] Beck JD, Slade G, Offenbacher S. Oral disease, cardiovascular
disease and systemic inflammation. Periodontology 2000. 2000;
23: 110–120.

[116] Scannapieco FA, Bush RB, Paju S. Associations between Pe-
riodontal Disease and Risk for Atherosclerosis, Cardiovascular
Disease, and Stroke. a Systematic Review. Annals of Periodon-
tology. 2003; 8: 38–53.

[117] Alexander RW. Inflammation and Coronary Artery Disease.
New England Journal of Medicine. 1994; 331: 468–469.

[118] Söder B,Meurman JH, Söder PÖ. Dental Calculus Links Statis-
tically to Angina Pectoris: 26-Year Observational Study. PLoS
ONE. 2016; 11: e0157797.

[119] Oikarinen K, Zubaid M, Thalib L, Soikkonen K, Rashed W,
Lie T. Infectious dental diseases in patients with coronary artery
disease: an orthopantomographic case-control study. Journal of
the Canadian Dental Association. 2009; 75: 35.

[120] 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;1 3: e0194563.

[121] He J, Li Y, Cao Y, Xue J, Zhou X. The oral microbiome di-
versity and its relation to human diseases. Folia Microbiologica.
2015; 60: 69–80.

[122] DehghanM,Mente A, Zhang X, Swaminathan S, Li W,Mohan
V, et al. Prospective Urban Rural Epidemiology (PURE) study
investigators. Associations of fats and carbohydrate intake with
cardiovascular disease and mortality in 18 countries from five
continents (PURE): a prospective cohort study. Lancet. 2017;
390: 2050–2062.

[123] Moutsopoulos NM, Madianos PN. Low-Grade Inflammation
in Chronic Infectious Diseases: Paradigm of Periodontal In-
fections. Annals of the New York Academy of Sciences. 2006;
1088: 251–264.

[124] Zakynthinos E, Pappa N. Inflammatory biomarkers in coronary
artery disease. Journal of Cardiology. 2009; 53: 317–333.

[125] Teles R, Wang C. Mechanisms involved in the association be-
tween peridontal diseases and cardiovascular disease. Oral Dis-
eases. 2011; 17: 450–461.

[126] Isola G, Matarese G, Cordasco G, Rotondo F, Crupi A, Ra-
maglia L. Antigoagulant therapy in patients undergoing dental
interventions: a critical review of the literature and current per-
spectives. Minerva Stomatologica. 2015; 64: 21–46.

[127] Ford PJ, Gemmell E, Chan A, Carter CL,Walker PJ, Bird PS, et
al. Inflammation, heat shock proteins and periodontal pathogens
in atherosclerosis: an immunohistologic study. Oral Microbiol-
ogy and Immunology. 2006; 21: 206–211.

[128] Nakano K, Nemoto H, Nomura R, Inaba H, Yoshioka H,
Taniguchi K, et al. Detection of oral bacteria in cardiovascu-
lar specimens. Oral Microbiology and Immunology. 2009; 24:
64–68.

[129] Pucar A, Milasin J, Lekovic V, Vukadinovic M, Ristic M, Put-
nik S, et al. Correlation between Atherosclerosis and Periodon-
tal Putative Pathogenic Bacterial Infections in Coronary and In-
ternal Mammary Arteries. Journal of Periodontology. 2007; 78:
677–682.

[130] Roth GA, Moser B, Huang SJ, Brandt JS, Huang Y, Papapanou
PN, et al. Infection with a periodontal pathogen induces pro-
coagulant effects in human aortic endothelial cells. Journal of
Thrombosis and Haemostasis. 2006; 4: 2256–2261.

[131] Stoll LL, Denning GM, Weintraub NL. Potential role of en-
dotoxin as a proinflammatory mediator of atherosclerosis. Arte-
rioscleros Arteriosclerosis, Thrombosis, and Vascular Biology.
2004; 24: 2227–2236.

[132] Schaefer AS, Richter GM, Groessner-Schreiber B, Noack B,
Nothnagel M, El Mokhtari N-E, et al. Identification of a shared
genetic susceptibility locus for coronary heart disease and peri-
odontitis. PLoS Genetics. 2009; 5: e1000378.

[133] Aarabi G, Zeller T, Seedorf H, Reissmann DR, Heydecke G,
Schaefer AS, et al. Genetic susceptibility contributing to peri-
odontal and cardiovascular disease. Journal of Dental Research.
2017; 96: 610–617.

19

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Design
	2.2 Search Strategy
	2.3 Inclusion Criteria
	2.4 Exclusion Criteria
	2.5 Data Extraction

	3. Results
	4. Discussion
	5. Conclusion
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

