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ABSTRACT

There is substantial evidence in support of an association between periodontitis and car-
diovascular disease. The most important open question related to this association is cau-
sality. This article revisits the question of causality by reviewing intervention studies and
systematic reviews and meta analyses published in the last 3 years. Where are we now in
answering this question? Whilst systematic reviews and epidemiological studies continue
to support an association between the diseases, intervention studies fall short in determin-
ing causality. There is a dearth of good-quality, blinded randomised control trials with car-
diovascular disease outcomes. Most studies use surrogate markers/biomarkers for
endpoints, and this is problematic as they may not be reflective of cardiovascular disease
status. This review further highlights another issue with surrogate markers/biomarkers:
the potential for collider bias. Ethical considerations surrounding nontreatment have led
to calls for a well-annotated database containing in-depth dental health data. Finally, a rel-
atively new and important risk factor for cardiovascular disease, clonal haematopoiesis of
indeterminate potential, is discussed. Clonal haematopoiesis of indeterminate potential
increases cardiovascular risk by more than 40%, and inflammation is a contributing factor.
The impact of periodontal disease on this emerging risk factor has yet to be explored.
Although the question of causality in the association between periodontal disease and car-
diovascular disease remains unanswered, the importance of good oral health in maintain-
ing good heart health is reiterated.
© 2021 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Background

aortic aneurysm; and stroke.”? Worldwide, CVD is the leading
cause of death, and this has been the case for the last 20 years,

Cardiovascular disease (CVD) is a catchall term to define dis-
orders of the heart and blood vessels. An underlying cause of
CVD is atherosclerosis. Atherosclerosis is a chronic, vascular
inflammatory condition that results in the deposition of lipid
in the artery wall (plaque).’” Plaque buildup and progression
can reduce blood flow, leading to ischemia of downstream
organs and tissues, and also promote clot formation.' Major
disorders of the heart associated with atherosclerosis include
myocardial infarction (heart attack), heart failure, arrhyth-
mia, heart valve disorders, and cardiomyopathy.” Blood ves-
sel disorders associated with atherosclerosis include
coronary, carotid, and peripheral artery diseases; abdominal
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despite the availability of therapeutics and intensive inter-
ventional efforts.’

Periodontal disease (including gingivitis), resulting from a
different kind of plaque, is estimated to affect 47.2% of adults
in the United States aged 30 and older.* This increases to
~70% after age 65.” In addition to oral care habits, factors con-
tributing to periodontal disease include socioeconomic sta-
tus, sex (men > women), education, diet, and smoking.*
Based on data from 2009 and 2010, severe periodontal disease
was estimated to affect 11% of adults worldwide and was the
sixth most prevalent disease (number of cases at a specific
time point).” Periodontitis and CVD incidence (the likelihood
of new occurrences of disease) increase with age.>”

Development of CVD is largely influenced by underlying
risk factors. Some of these are immutable, including sex
(male), age, and genetics (ethnic background, family history).®
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In addition to these, there are modifiable risk factors that
have been shown to be associated with atherosclerosis,
including weight, glucose levels/insulin response, blood pres-
sure, blood lipids (driven by diet), smoking, and physical inac-
tivity.® Because atherosclerosis is a chronic inflammatory
illness, researchers sought to understand whether other
inflammatory conditions could contribute to atherosclerosis
and worsen disease.” One of the inflammatory conditions
studied was periodontitis. Multiple epidemiologic studies
showed an association between periodontitis (excluding gin-
givitis) and CVD.®?** In 2012, following more than 10 years of
epidemiologic data supporting an association between peri-
odontitis and CVD, the American Heart Association issued a
scientific statement reiterating a link between the two dis-
eases, but highlighting the lack of causal evidence.™

Associations/correlations uncovered by epidemiologic
studies can significantly guide public health and therapeu-
tic efforts. However, without evidence for causality, these
efforts may be focused on an incorrect target. Thus, it
could be that something else that is associated with the
identified putative factor may actually account for disease.
Correlative studies, whilst important, are considered to be
at the lower end of the spectrum of scientific evidence.'®
This is why, in the years since 2012, many studies have
tried to address causality and to better understand the
link between periodontitis and CVD. A range of studies,
from cell culture to preclinical animal experiments to
human clinical research and interventional trials, have
been performed in order to evaluate whether there is a
causal relationship between the two diseases.

As a result of these studies, 2 main hypotheses have
emerged to explain the link between the diseases. The first
hypothesis suggests that oral bacteria involved in periodontal
disease (or their by-products) can infect blood vessels or in
some other way promote plaque formation and, thus,
CVD.""*® The second hypothesis postulates that inflamma-
tion as a result of periodontitis increases systemic inflamma-
tion and oxidative stress, and this contributes to and
increases the already chronic inflammation present and in
this way contributes to atherosclerosis and CVD.""*® There is
evidence to support both hypotheses, but it is sometimes
conflicting and often indirect. An emerging hypothesis sug-
gests that changes in the microbiome, either gut or oral, as a
result of periodontal disease pathogens and/or inflammation,
may impact inflammatory processes and chronic diseases,
including periodontitis and atherosclerosis and, in this way,
provide a mechanistic link.”® Studies in this area are too few
to date for decisive conclusions, although it is clear that the
microbiomes between healthy patients and those with
chronic periodontitis have differences.’®* Figure 1 summa-
rises the prevailing hypotheses as to the connection between
periodontal disease and CVD.

Since the American Heart Association statement in 2012,
many studies, systematic reviews, and meta analyses have
been published in this topic area. This concise clinical
review aims to address the following questions: Is there a
causal link between periodontitis and CVD? After more than
20 years of study, why is this such a difficult question to
answer? Where are we today, and what can we expect from
future studies?
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Fig. 1-There are 2 main hypotheses to explain the link
between periodontitis and cardiovascular disease. A, Bacte-
ria or their by-products (primarily lipopolysaccharides or
antigens) can disseminate from the oral cavity into blood
vessels and, there, a host response can lead to damage and
atherosclerotic plaque formation. B, Alternatively, localized
inflammation from periodontitis enhances ongoing chronic
inflammation due to atherosclerosis. Periodontal disease
—derived reactive oxygen species contribute to systemic
oxidative stress and inflammatory mediators, including
various interleukins, chemokines, cytokines (IL-X), immu-
noglobulins, and inflammatory cells (lymphocytes, macro-
phages, neutrophils), contribute to a destructive immune
response at areas in the vessel wall prone to atherosclero-
sis.

Current findings and controversies

We conducted a PubMed search of the literature from the
past 5 years, using the search terms “periodontal disease
and cardiovascular disease and periodontitis and cardio-
vascular disease.” Nearly 400 articles were uncovered. We
did an in-depth evaluation of interventional studies and
systematic reviews with meta analyses from the last
3 years (2018-2020, including online ahead of print). Whilst
not exhaustive, this article aims to highlight some of the
more current findings and controversies as well as future
directions.
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Major findings

A recent consensus report was published as a result of a joint
workshop organised by the European Federation of Periodon-
tology and the World Health Federation.”” This report
updated much of the current epidemiological evidence for
significant association and mechanistic links between peri-
odontitis and CVD. This provides an excellent in-depth and
thorough discussion of the evidence underlying the associa-
tion between periodontitis and CVD. This concise review is
focused on the question of causality and does not seek to rep-
licate the discussion of the evidence for association.

Review of intervention studies from the last 3 years

Nine intervention studies published in the last 3 years (2018-
2020) have addressed the topic of causality between peri-
odontitis and CVD.?*?° The major findings of these studies
are summarised in Table 1. Four of these studies used CVD
end points, whilst the remainder used surrogate markers for
CVD. Of the 4 that used CVD end points, the largest was an
investigation using the Korean National Health Insurance
System-National Health Screening Cohort, by Park et al.?
This cohort had ~250,000 patients, with a mean follow-up of
9.5 years, and recorded nearly 15,000 deaths related to CVD.?®
The authors found that CVD risk was higher in participants
with more tooth loss, caries, or periodontitis (assessed by a
dental professional).?” Oral hygiene behaviours (tooth brush-
ing frequency, dental checkups) were associated with
decreased CVD risk.”> A limitation in this study, however,
was that the latter were self-reported.

A study with a particularly vulnerable cohort, patients
receiving dialysis and on a kidney transplant waiting list,
showed that periodontal disease treatment significantly
reduced cardiovascular events, coronary events, and cardio-
vascular death (24-month follow-up; 206 patients).?® In this
otherwise compelling study, a limitation was that the com-
parison was to historical controls (thus, their periodontal dis-
ease status is unknown).”® In the third study that used CVD
end points, patients had peripheral arterial disease and
severe periodontitis and were treated with scaling and root
planing, with or without antibiotic treatment (n = 30/group).”’
Compared to the control group, there were no changes in
CVD outcomes 3 months posttherapy despite significant
improvements in oral health parameters.”

Finally, in the study by Lobo et al., patients hospitalised for
myocardial infarction were assessed for periodontal dis-
ease.”” Those with severe periodontitis (4 mm or greater clini-
cal attachment loss, probing depth 6 mm or greater in 5 or
more teeth, gingival bleeding in 8 teeth or more) were allo-
cated into control or treatment groups.”” Treatment was
intensive: teeth were restored, restorations were repaired if
necessary, and root tips removed. Supragingival calculus was
removed, followed by up to 4 sessions of scaling and root
planing. There were follow-up sessions at 3 and 6 months. At
6 months, there was also assessment of primary and second-
ary outcome measures. There was a significant difference in
brachial artery flow-mediated dilation, the primary outcome
measure and an indicator of endothelial cell dysfunction, as a
result of treatment, but there was no difference in CVD

events (myocardial infarction, stent thrombosis, urgent
revascularisation, death).?” A limitation to this study was the
small group size (n = 24/group); the calculated group size nec-
essary for 80% power was 44 per group, but the investigators
could not reach that level. Based on the smaller group size,
the calculated power is 67%.?” The P value was lowered to .25
for significance as a “penalty.”??

In the 5 studies using surrogate markers of CVD as out-
come measures, one of the best was a study analysing blood
pressure. Czesnikiewicz-Guzik et al. enrolled 101 patients
with high blood pressure and moderate to severe periodonti-
tis and divided them into a treatment group (sub- and supra-
gingival scaling plus chlorhexidine) and control group
(supragingival scaling only).”* At 2 months, there was a signif-
icant difference in 24-hour ambulatory systolic blood pres-
sure (primary outcome measure) in the patients in the
treatment group.”’ Secondary outcome measures, including
diastolic blood pressure, endothelial function, certain cyto-
kines, and immune cells implicated in hypertension were
also improved.”! Hypertension is a key risk factor for CVD.

Saffi et al. used brachial artery flow-mediated dilation as
an outcome measure in a study of 69 patients with stable cor-
onary artery disease and severe periodontitis (patients with
10 or more teeth, clinal attachment loss of 6 mm or more and
probe depth of 5 mm or more in 2 or more nonadjacent
teeth).”” The 38 patients in the control group received supra-
gingival plaque and calculus removal and oral hygiene
instruction at the start of the study, whilst the 31 patients in
the treatment group received oral hygiene instructions,
supragingival calculus removal, subgingival scaling and root
planing (up to 4 sessions/quadrant), and monthly mainte-
nance.”” There were no significant improvements in any of
the primary or secondary outcome measures in the treatment
group, but because outcomes worsened in the control group,
there were differences between the groups.?’ Using an identi-
cal study protocol, Montenegro et al. divided patients with
stable coronary artery disease and severe periodontitis into 2
groups as outlined above (n = 43 and n = 39 for control and
treatment groups, respectively).”?> Outcome measures were
biomarkers of CVD (C-reactive protein, glycated haemoglobin,
and plasma levels of lipids and various cytokines).”® Simiar to
what was reported by Saffi et al., there were no improve-
ments in any of the biomarkers as a result of treatment.”

In a study by Nishi et al., 223 patients undergoing heart
valve surgery were placed into an oral care or control group.”*
The oral care group received a cleaning or scaling up to 3 days
before surgery.”* The outcome parameters measured were
white blood cell count, white blood cell/neutrophil ratio, C-
reactive protein levels, and temperature.”* All outcomes
decreased in both groups after postoperative day 1, and there
were small but significant differences between the groups for
outcomes on most days. However, this did not alter length of
hospitalisation stay; thus, the clinical relevance of these dif-
ferences is not clear.”

Pedroso et al., enrolled patients with type 2 diabetes
(older than 35 years and diagnosed for at least 5 years)
with gingivitis or periodontitis (stage III/IV grade B/C) into
treatment groups (n = 24/group).”® The gingivitis group
received supragingival scaling and prophylaxis, whilst the
periodontitis group received scaling and root planing; both
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Table 1 - Interventional studies.

Reference

Major findings

Limitations

Czesnikiewicz-Guzik M, Osmenda G, Siedlin-
ski M, et al. Causal association between
periodontitis and hypertension: evidence
from Mendelian randomization and a ran-
domized controlled trial of non-surgical
periodontal therapy. Eur Heart ]
2019;40:3459—70. doi:10.1093/eurheartj/
ehz646

Lobo MG, Schmidt MM, Lopes RD, et al. Treat-
ing periodontal disease in patients with
myocardial infarction: a randomized clini-
cal trial. Eur J Intern Med 2020;71:76—80.
doi:10.1016/j.€jim.2019.08.012

Montenegro MM, Ribeiro IW], Kampits C, et al.

Randomized controlled trial of the effect of
periodontal treatment on cardiovascular
risk biomarkers in patients with stable cor-
onary artery disease: preliminary findings
of 3 months. J Clin Periodontol 2019;46:321
—31. doi:10.1111/jcpe.13085

Nishi H, Takahashi S, Ohta K, et al. Effects of
perioperative oral care on postoperative

inflammation following heart valve surgery.

Oral Dis 2021;27(6):1542—50. d0i:10.1111/
0di.13682

Park SY, Kim SH, Kang SH, et al. Improved
oral hygiene care attenuates the cardiovas-
cular risk of oral health disease: a popula-
tion-based study from Korea. Eur Heart ]
2019;40:1138-45. doi:10.1093/eurheartj/
ehy836

In this interventional study, 101 patients with moderate to
severe periodontitis who were also diagnosed with high
blood pressure were randomised into 1 of 2 treatment
arms: intensive periodontal treatment which included
sub- and supragingival scaling plus chlorhexidine or con-
trol periodontal treatment, which included supragingival
scaling only. The primary outcome measure was mean
ambulatory 24-hour systolic blood pressure. At 2 months,
there was a significant difference between the groups,
with periodontal disease status correlating with improve-
ment in systolic blood pressure. Secondary outcome
measures, including diastolic blood pressure, endothelial
function, certain cytokines, and immune cells implicated
in hypertension were also improved. The authors con-
clude “A causal relationship between periodontitis and
[blood pressure] was observed”. ..

This randomised control trial enrolled patients who had
myocardial infarction and were diagnosed with severe
periodontal disease (in hospital) between August 2012 and
January 2015 into control or periodontal treatment groups
(n = 24/group). The primary outcome measure was bra-
chial artery flow-mediated vasodilation and the follow-up
period was 6 months. CVD events was a secondary out-
come measure. There was a significant difference in pri-
mary outcome but not CVD events.

Single-blind randomised controlled trial of patients with
stable coronary artery disease and severe chronic peri-
odontal disease. The test group received supragingival
plaque control via calculus removal and “personalized
oral hygiene instructions.” They next received “... up to
four sessions of subgingival scaling and root planing (SRP)
per quadrant, under local anaesthesia, over a maximum
period of 14 days. Patients were followed by means of
individual periodontal maintenance or recall visits (pro-
fessional plaque removal and reinforcement of oral
hygiene instructions) once monthly during the 3 months
of follow—up” (n = 39). The control group received plaque
and calculus removal and “standard oral hygiene
instruction” (n = 43). The outcome measure was levels of
cardiovascular-related biomarkers. After 3 months, there
were significant improvements in periodontal disease
parameters but no differences in biomarkers.

In this study, patients with single valve heart surgery were
divided into 2 groups: 111 patients received a cleaning or
scaling up to 3 days before and at least twice a week after,
and 112 patients received no oral care. The outcome
measures were white blood cell count, white blood cell/
neutrophil ratio, C-reactive protein levels, and tempera-
ture. All parameters decreased after day 1 in both groups,
but by a slightly larger degree in the oral care group. The
length of hospital stay was unaffected.

This study involved 247,696 healthy adults, aged 40 years or
older, with a median follow-up of 9.5 years, from the
Korean National Health Insurance System-National
Health Screening Cohort. Based on medical records, there
were 14,893 CVD deaths (myocardial infarction, cardiac
death, stroke, and heart failure). CVD risk was higher in
participants with more tooth loss, caries, or periodontal
disease (assessed by a dental professional). Oral hygiene
behaviours (tooth brushing frequency, dental checkups)
were associated with decreased CVD risk.

Blood pressure is a significant
risk factor for CVD but is an
indirect marker for CVD.

Use of a surrogate marker (bra-
chial artery flow-mediated
vasodilation) for CVD out-
come.

Small group size; heavily
male-skewed.

3-month follow-up only.
Heavily skewed towards
females (74%).

Not clear whether the differen-
ces are clinically significant.

Oral care was self-reported.

(continued)
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Table 1 (Continued)

Reference Major findings Limitations
Pedroso JF, Lotfollahi Z, Albattarni G, et al. Diabetic patients (older than 35 years with type 2 diabetes Biomarkers of CVD are used as
Influence of periodontal disease on cardio- for more than 5 years) with gingivitis or periodontitis outcome measures.

vascular markers in diabetes mellitus
patients. Sci Rep 2019;9:16138. doi:10.1038/
$41598-019-52498-7

Saffi MAL, Rabelo-Silva ER, Polanczyk CA,
et al. Periodontal therapy and endothelial
function in coronary artery disease: a ran-
domized controlled trial. Oral Dis
2018;24:1349-57. doi:10.1111/0di.12909

Santos-Paul MA, Neves RS, Gowdak LHW,
et al. Cardiovascular risk reduction with
periodontal treatment in patients on the
waiting list for renal transplantation. Clin
Transplant 2019;33:e13658. doi:10.1111/
ctr.13658

Seinost G, Horina A, Arefnia B, et al. Periodon-

tal treatment and vascular inflammation in
patients with advanced peripheral arterial
disease: a randomized controlled trial. Ath-
erosclerosis 2020;313:60-9. doi:10.1016/j.
atherosclerosis.2020.09.019

(stage III/IV grade B/C) were enrolled (24/group). The gin-
givitis group received supragingival scaling and prophy-
laxis, whilst the periodontitis group received scaling and
root planning; both groups received maintenance therapy
every 3 months. Periodontal parameters and outcome
measures (glycemia, hemoglobin Alc, levels of total cho-
lesterol, HDL and LDL cholesterol, triglycerides, high-sen-
sitivity-C-reactive protein, oxidised LDL) were obtained at
baseline and 6 and 12 months posttreatment. High-sensi-
tivity C-reactive protein was found to have improved sig-
nificantly in the periodontitis group after 12 months.
Although there was no change in oxidised LDL, the
authors suggest that there was improvement in the qual-

ity of the LDL particles.

In this trial, 69 patients with stable coronary disease and Biomarkers of CVD are used as
severe periodontitis were divided into 2 groups. One outcome measures.
group received nonsurgical periodontal therapy (oral 3 month only follow-up.
hygiene instructions, supragingival calculus removal, Almost identical to Montene-
subgingival scaling, and root planning [up to 4 sessions/ gro etal.

quadrant] and monthly maintenance, n = 31), whilst the
control group received supragingival plaque and calculus
removal and oral hygiene instruction at the start of the
study (n = 38). The outcome measures were endothelial
function (brachial artery flow-mediated dilation) and con-
centrations of endothelial inflammatory proteins in
serum at baseline and 3 months after therapy. There was
no significant improvement in any of the parameters in
the group receiving therapy when compared to baseline.
CVD outcome measures worsened in the control group,
leading to significant difference between the groups.

In this study, 206 patients undergoing dialysis and on the Periodontal disease status of
waiting list for kidney transplant received periodontal the controls is not known.
disease treatment (74% had moderate to severe periodon-
tal disease) and were compared with 203 historical con-
trols who did not receive periodontal disease treatment.
Patients were followed for 24 months or until death or
transplant. The authors found that severity of periodontal
disease was correlated with coronary artery disease
severity. Cardiovascular events, coronary events, and car-
diovascular death were significantly reduced in the treat-

ment group.
In this randomised controlled study, patients with periph- 76% of study participants
eral arterial disease and severe periodontitis were placed received statin therapy.

in one of 3 groups (n = 30/group): control (no treatment),
nonsurgical periodontal therapy plus antibiotics, or non-
surgical periodontal therapy without antibiotics. The pri-
mary CVD outcome measure was vascular inflammation;
secondary CVD outcome measures were changes in vas-
cular biomarkers and cardiovascular events. Although
there were significant improvements in periodontal dis-
ease parameters in the treated groups, there were no sig-
nificant differences in primary or secondary CVD
outcomes.

CVD, cardiovascular disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

groups received maintenance therapy every 3 months.” reactive protein [hsCRP], oxidised LDL) were assessed at
Outcome measures (glycaemia; haemoglobin Alc; total, baseline and 6 and 12 months.”® At 12 months, hsCRP was
high-density lipoprotein [HDL], and low-density lipopro- found to have improved significantly in the periodontitis

tein [LDL] cholesterol; triglycerides; high-sensitivity C- group.’® Although there was no change in levels of
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oxidised LDL, the authors showed there was improvement
in the quality of the LDL particles.”®

As is clear from this discussion, there is great variability in
the types of intervention studies undertaken (patient pool,
periodontal treatment) and the outcomes measured, which
makes it difficult to formulate broad conclusions. Intensive
periodontal treatment seems to reduce CVD event outcomes,
or surrogates, in certain patient pools, but why in others there
is no improvement remains unknown. One would expect a
number of parameters to improve in concert if there is a
change in CVD risk, but in many studies, this is not the case.
Thus, the clinical relevance of changes in CVD surrogates to
actual CVD outcomes remains unresolved.

Challenges for establishing causality

There is general agreement that, to date, there have been few
high-quality studies with CVD end points; most studies use
surrogate markers or biomarkers that are assumed to reflect
CVD end points. The main obstacle to high-quality, double-
blind, randomised controlled trials with CVD end points is
ethical; nontreatment is not an option. A conclusion of many
researchers who have conducted systematic reviews is that
the establishment of a large-scale, well-annotated longitudi-
nal database that considers, in detail, oral health parameters
would provide a mechanism around this and be a major step
forwards towards understanding whether the relationship
between periodontitis and CVD is causal.*°

The use of surrogate markers or biomarkers of CVD end points

The Heart & Stroke Foundation estimates that there are about
35,000 heart attacks and 62,000 strokes each year in Canada.*?
This is approximately 3 CVD events/1000 people. Given this
relative rarity of CVD events, the reason most clinical trials
use surrogate markers for CVD outcomes is that to measure
actual CVD events, the length of time of the study must be
quite long (unless it is a particularly vulnerable population)
and the population quite large to achieve appropriate power
for statistical analyses.

There is a wide variety of surrogates/biomarkers used in
the place of CVD end points, as demonstrated by the descrip-
tion of the intervention trials from the last 3 years. These are
sometimes indicators of cardiac damage (troponin I or T,
brain natriuretic peptide, and N-terminal pro brain natri-
uretic peptide), blood clots (fibrin D-dimers, tissue plasmino-
gen activator antigen), and endothelial dysfunction (brachial
artery flow-mediated dilation, von Willebrand factor). Others
are associated with inflammation (C-reactive protein or
hsCRP, various cytokines). Some biomarkers are risk factors
for CVD (blood pressure; lipid profiles, including total, very-
low-density lipoprotein, LDL, and HDL cholesterol; triglycer-
ide levels; and fasting glucose and haemoglobin Alc levels for
diabetes). Oxidised or modified forms of LDL, thiobarbituric
acid reactive substances, and malondialdehyde are also used
as biomarkers because these are indicators of oxidative
stress.

The validity of a surrogate to predict CVD end points is
extremely important, as is the degree by which a change in a
surrogate reflects therapeutic efficacy on CVD end points. It is

generally thought that the most predictive surrogates are
directly involved in causality.*” There are multiple potential
issues with the use of surrogates to determine causality in
the case of periodontitis and CVD, with the greatest issue
being the predictive value of a given surrogate.”” Thus,
although an intervention may “improve” a biomarker associ-
ated with CVD, for many of these, the level of improvement,
if any, that is clinically relevant to a CVD outcome is
unknown. A second issue is the time frame of improvement:
for many intervention trials, the follow-up period is quite
short. Considering that atherosclerosis takes years to
develop, long-term follow-up is essential to understand clini-
cal relevance. A third issue is relative importance. Some stud-
ies have multiple surrogate end points; one would think that
if there is improvement in CVD risk, there would be similar
improvement in all or most surrogates that are considered to
be in the same pathway. When only 1 or a subset changes, it
is difficult to understand the impact on CVD outcomes. Bik-
deli et al. conducted a review of cardiovascular intervention
trials that took place from 1990 to 2011 and listed primary
surrogate end points.** They uncovered 59 trials that reported
subsequent clinical CVD end points.*® Of these, only 24 vali-
dated the surrogate end point.*®> Some of these surrogates
that did not correlate with CVD end points, such as plasma
LDL and cholesterol levels, markers of oxidation and coagula-
tion, blood pressure, and carotid intima-media thickness, are
familiar surrogates to those that read the periodontitis-CVD
literature.

Surrogate markers or biomarkers may also be problematic
because they reflect a bias in selection of the pool of patients
studied, leading to what is known as collider bias. An excel-
lent analysis by Leite et al. discusses the pitfalls of collider
bias and how this may lead to an association between varia-
bles, even when one does not exist.>* This cross-sectional
human study assessed for the presence of a collider bias in
the association between periodontitis and CVD. Collider bias
is an unmeasured confounder that may explain the associa-
tion between the two variables. Figure 2 depicts how a col-
lider bias may influence the association between exposure
and outcome. The confounder studied was the inflammatory
biomarker, hsCRP. High levels of circulating hsCRP are associ-
ated with atherosclerotic plaque formation.?**® Inflamma-
tory processes and a known genetic condition (APOE-CI-CII
gene) can result in high hsCRP levels.”” Data analysis strati-
fied the population by hsCRP levels: individuals with lower
hsCRP levels (<3 mg/L) and individuals with higher hsCRP lev-
els (>3 mg/L). For individuals with lower hsCRP levels, no
association was found between periodontitis and CVD (odds
ratio [OR], 1.3; 95% confidence interval [CI], 0.8-2.0).>* In con-
trast, individuals with higher hsCRP levels had a strong asso-
ciation between periodontitis and CVD (OR, 2.2; 95% CI, 1.1-
4.2).* This study suggests that hsCRP distorts the association
between periodontitis and CVD. As increased hsCRP may be
due to inflammation, genetic conditions, or both, using this
surrogate biomarker may be confounding the association of
periodontitis and CVD.

In summary, care has to be taken in the use and interpre-
tation of surrogate markers. Surrogate biomarkers may not
accurately describe changes in CVD outcomes or the impact
of periodontitis and therapeutic interventions; reliance on
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Outcome

Exposure

Confounder

Periodontitis

hsCRP

Fig. 2-The unmeasured confounder (eg, high-sensitivity C-
reactive protein) may account for the association that may
or may not exist between periodontitis and cardiovascular
disease. This is known as collider bias.

these markers does not bring us closer to determination of
causality.

Studies that use CVD outcomes

Even when CVD outcomes are utilised, there are significant
issues in interpreting results. Aldossri et al. evaluated publi-
cations from 85 studies (1993-2018) “to systematically map
clinical heterogeneity and methodological gaps in assessing
the relationship between poor oral health and CVD out-
comes.”*® No randomised control trials met their inclusion
criteria. They found that there were no consistent standards
for the definition of oral health parameters or CVD out-
comes.>® For example, no studies used the same definition for
nonfatal cardiovascular events.*® Similarly, oral health
parameters to define periodontal disease differed between
studies and included such variables as gingival inflammation,
tooth mobility, pocket depth, and bone loss.*® Methodological
gaps were found in most studies. The authors concluded,
“The identified clinical heterogeneity and methodological
gaps interfere with summarising existing evidence and
understanding their practical implications.”**

Liu et al. updated a previous systematic review entitled
“Periodontal Therapy for Primary or Secondary Prevention
of Cardiovascular Disease in People With Periodontitis.”*’
The inclusion criteria for CVD outcomes in this review
were death and/or cardiovascular events, with a follow-up
period of at least 1 year.>’ There were 2 studies included
since the last update in 2017 (the original review was in
2014). The first had the goal of primary prevention of CVD
in patients with both periodontitis and metabolic syn-
drome, comparing scaling, root planning, and antibiotics
to supragingival scaling.?® In this study, there were 4 CVD

events (1 with mortality) in the 164 participants, all in the
treatment group.“’ One patient in the treatment group and
2 in the control group showed progression in their peri-
odontitis.* The authors used GRADE Working Group
grades of evidence and found that there was very low-
—certainty evidence of an effect. In the secondary preven-
tion study reviewed, 303 participants were either treated
with scaling and root planing or given an explanation of
their oral examination with instructions to see a dentist
(“community care”).*! One-year follow-up included only 37
patients; thus, the authors concluded that there was high
risk of attrition bias and that the data collected were not
useful for analysis.** Overall, Liu et al. found no reliable
evidence regarding primary or secondary prevention of
CVD in people with diagnosed chronic periodontitis.*®

Recent progress in determining causality

Table 2 summarises the 18 systematic reviews and meta-
analyses uncovered in our search. There have been 2 system-
atic reviews and meta-analyses focused on tooth loss (as a
surrogate marker for periodontitis) and CVD outcomes, and
they are of note for their lack of agreement. Peng et al. inves-
tigated the association between tooth loss and all-cause mor-
tality, including a dose-response analysis from studies
published between 2003 and 2018 (15 prospective studies,
19,577 cases/306,807 total participants), and included sub-
group analyses for CVD (7 cohort studies, 1526 cases/125,716
total participants) and coronary heart disease (CHD) (5 cohort
studies, 1899 cases/46,130 total participants).*” Although they
found an association and linearity in dose-response for every
10 lost teeth for all-cause mortality, subgroup analyses failed
to show significance for CVD or CHD.*? Very high heterogene-
ity was noted. Romandini et al. investigated periodontitis,
edentulism, and all-cause mortality in a review and meta-
analysis that included 57 studies (48 cohorts) involving
>5.7 million total participants from studies published
between 1993 and 2019.** They found a significant association
between periodontitis or edentulism with all-cause mortality,
CVD, CHD, and cerebrovascular diseases.** Interestingly, the
association was not influenced by severity of periodontitis,
but by age, with the association more evident in patients
younger than 65.*

Larvin et al. conducted a systematic review of randomised
controlled trials and longitudinal cohort studies. Thirty-two
studies (30 with meta-analyses) were included that spanned
publication years 1996 to 2019.** They uncovered a small but
consistent increased risk of CVD.** The highest subcategory
risk was for stroke, followed by CHD.** Men with severe peri-
odontitis showed the highest risk of CVD.**

Plausible mechanisms in terms of causality

In the discussion of causality, the mechanisms with the most
evidentiary support are increased inflammation, increased
oxidative stress, and bacteremia, resulting in dissemination
of oral bacteria to the aorta and other sites.** Joshi et al. pub-
lished a systematic review and meta-analysis investigating
the detection of periodontal microorganisms in atherosclero-
sis plaque from patients following myocardial infarction.*” In



Table 2 - Systematic reviews.

Reference

Main findings

Limitations

Almeida A, Fagundes NCF, Maia LC, et al. Is there an associ-
ation between periodontitis and atherosclerosis in adults?
A systematic review. Curr Vasc Pharmacol 2018;16:569
—82. d0i:10.2174/1570161115666170830141852

Cheng F, Zhang M, Wang Q, et al. Tooth loss and risk of car-
diovascular disease and stroke: a dose-response meta-
analysis of prospective cohort studies. PLoS One 2018;13:
€0194563. doi:10.1371/journal.pone.0194563

D1sidoro O, Perrotti V, Hui WL, et al. The impact of non-sur-
gical therapy of periodontal disease on surrogate markers
for cardiovascular disease: A literature review. Am ] Dent
2019;32:191-200.

Fiorillo L, Cervino G, Laino L, et al. Porphyromonas gingiva-
lis, periodontal and systemic implications: a systematic
Review. DentJ 2019;7. doi:10.3390/dj7040114

Froum SJ, Hengjeerajaras P, Liu KY, et al. The link between
periodontitis/peri-implantitis and cardiovascular disease:
a systematic literature review. Int ] Periodontics Restor-
ative Dent 2020;40:e229-e33. doi:10.11607/prd.4591

Joshi C, Bapat R, Anderson W, et al. Detection of periodontal
microorganisms in coronary atheromatous plaque speci-
mens of myocardial infarction patients: A systematic
review and meta-analysis. Trends Cardiovasc Med
2021;31:69-82. d0i:10.1016/j.tcm.2019.12.005

Kaschwich M, Behrendt CA, Heydecke G, et al. The associa-
tion of periodontitis and peripheral arterial occlusive dis-
ease-a systematic review. Int ] Mol Sci 2019;20:2936.
doi:10.3390/ijms20122936

A systematic review of 7 literature databases (to January 2017) uncovered 2138 stud-
ies; 4 were included in the review.The authors
concluded that an association exists and is
due to an increase in inflammatory mediators, specifically C-reactive protein and
interleukin 6.

Meta-analysis included 17 cohort studies (through March 2017) with 879,084 partici-
pants and 43,750 cases.
28 reported on tooth loss and CVD; 8 reported on tooth loss and stroke.
Tooth loss was associated with a significant risk of CVD and stroke. For every 2
teeth lost, coronary heart disease risk increased by 3% and stroke risk increased by
3%.

28 articles reviewed (through December 2018). The authors conclude: “The initial
phase of periodontal therapy has a positive impact on the short-term reduction of
a series of systemic markers that are considered as surrogate markers AVD” (ath-
erosclerotic vascular disease).

21 studies included from 2009-2019.
Cardiology outcome measures: lipoprotein concentration, endothelial permeabil-
ity, lipoprotein binding in the intima, CVD, CHD, chronic infection of the heart,
atherosclerosis and atherosclerosis risk factors, cytokines.
The authors conclude that “P. gingivalis has implications in the onset of different
systemic pathologies, including rheumatoid arthritis, cardiovascular pathologies,
and neurodegenerative pathologies,” after synthesis of the articles.

51 articles from 1990 to 2020 included.
The authors conclude that infection and inflammatory pathways can explain a link
between periodontal disease and CVD, but because periodontal disease interven-
tional studies have shown conflicting results on CVD, cause and effect cannot be
ascribed.
Too few studies on peri-implantitis to draw conclusions.

14 studies investigating the presence of periodontal disease pathogens in plaque; 12/
14 reported the presence of bacteria. Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomitans were the most frequently reported.

17 studies included (through 12/2018).
Both longitudinal studies and case-controlled studies reviewed.
All studies identified an association between periodontal disease and peripheral
arterial occlusive disease.
3 causative mechanisms leading to vessel damage highlighted: (1) periodontal
pathogen colonisation of the vessel, (2) systemic inflammation, and (3) autoimmu-
nity vs host protein(s) as a result of infection with the oral periodontal disease
pathogen, which may combine with systemic inflammation (2).

Based on few studies.
Surrogate markers for end points.

Tooth loss is an indirect surrogate marker for peri-
odontitis.
Included studies differed with respect to CVD out-
comes: heart failure, myocardial infarction, coro-
nary heart disease, ischemic heart disease.
Outcomes were self-reported.
Different conclusion compared to Peng et al.
Surrogate markers of CVD are used as outcome
measures.
Meta-analysis could not be done due to heteroge-
neity of the studies.
Great variability in follow-up period (none-18
years).
Porphyromonas gingivalis is used as a biomarker of
periodontal disease.
Of the included studies, 14 had moderate and 4 had
high risk of bias.
Cardiology end points were very variable.

Outcome measurements concerning CVD and char-
acterisation of periodontitis were very varied in
the different studies.

Mostly small studies and male-skewed.
Few controls and high level of heterogeneity.
DNA was also found in areas of the vasculature
that are resistant to atherosclerosis, raising the
question of causality.

Some studies used tooth loss as a biomarker of peri-
odontal disease.
Assessment for CVD varied and in some cases was
self-reported.

(continued on next page)
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Reference

Main findings
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Larvin H, KangJ, Aggarwal VR, Pavitt S, Wu J. Risk of inci-
dent cardiovascular disease in people with periodontal
disease: a systematic review and meta-analysis. Clin Exp
Dent Res 2021;7:109-22. d0i:10.1002/cre2.336

Lavigne SE, Forrest JL. An umbrella review of systematic
reviews examining the relationship between type 2 diabe-
tes and periodontitis: position paper from the Canadian
Dental Hygienists Association. Can J Dent Hyg 2021;55:57-
67.

Liu W, Cao Y, DongL, et al. Periodontal therapy for primary
or secondary prevention of cardiovascular disease in peo-
ple with periodontitis. Cochrane Database Syst Rev
2019;12:CD009197. doi:10.1002/14651858.CD009197.pub4

Munoz Aguilera E, Suvan J, ButiJ, et al. Periodontitis is asso-
ciated with hypertension: a systematic review and meta-
analysis. Cardiovasc Res 2020;116:28-39. doi:10.1093/cvr/
cvz201

Review of study results published between 1996 and October 2019.
Included 32 longitudinal studies; 30 eligible for meta-analyses.
Found a small but consistent increased risk of CVD associated with periodontal
disease.
Highest evidence was for stroke, followed by coronary heart disease. Evidence for
myocardial infarction was not significant. Men and those with severe periodontal
disease were at the highest risk for increased risk of CVD.

Asked the question: “For adults in good general health who are diagnosed with peri-
odontal disease, will receiving non-surgical periodontal therapy (NSPT), as com-
pared to not receiving NSPT, lower their risk for cardiovascular diseases?”
Included published studies between 2007 and 2019.

7 studies reviewed, 6 with meta-analyses.

The 1 study using cardiovascular events as an outcome measure was rated very
low-quality due to high risk of bias as a result of deviations from the study protocol
and lack of follow-up. The study provided “insufficient evidence to either support
or refute whether NSPT (nonsurgical periodontal therapy) could prevent the recur-
rence of [cardiovascular] event.”

“Biological plausibility” of an association has been shown by demonstration of
increased levels of systemic cytokines and mechanistic studies based on this.
Overall conclusion of this umbrella review was that no causal relationship
between periodontal disease and CVD can be confirmed.

2014 review updated in 2017 and now 2019.

2 new randomised control trials included.

Inclusion criteria for CVD outcome were death and/or cardiovascular events, with
a follow-up of at least 1 year.

Overall conclusion: “For primary prevention of cardiovascular disease (CVD) in
people diagnosed with periodontitis and metabolic syndrome, very low—certainty
evidence was inconclusive about the effects of scaling and root planning plus anti-
biotics compared to supragingival scaling. There is no reliable evidence available
regarding secondary prevention of CVD in people diagnosed with chronic peri-
odontitis and CVD.”

Reviewed 81 studies published up to December 2018; 40 were included in a meta-
analysis.

Moderate-severe and severe periodontal disease were associated with hyperten-
sion, and prospective studies showed that periodontitis increased the likelihood of
a hypertension diagnosis later. Periodontitis was associated with increases in both
systolic and diastolic blood pressure. 3 studies researched potential mechanisms
but only 1 showed differences with the hypertensive group. In that study, serum
neutrophil enzymes (elastase and matrix metalloproteinases 8 & 9) were increased
in periodontitis patients with hypertension, compared to hypertensive patients
and healthy patients.

20 studies only investigated one sex (14 male, 6
female).

In some studies, periodontal disease/CVD was self-
reported.

In 1 study, the outcome measure was hyperten-
sion.

21 studies were judged critical and 11 serious in
terms of risk of bias as per ROBINS-I (evaluates the
risk of bias in results reported for 2 or more inter-
ventions in nonrandomised studies). "Critical"
suggests that the study is too problematic to draw
any conclusions about the intervention.

Only 1 study used cardiovascular events as an out-
come measure; 6/7 studies used surrogate
markers.

2 studies were of low quality.

The primary prevention study showed low-certainty
evidence that was inconclusive; only 1 death was
recorded in the follow-up period.

The secondary prevention study had too few
patients with sufficient follow-up and did not
report deaths.

Interventional studies were inconclusive. (5 showed
a decrease in blood pressure following periodontal
therapy, whilst 6 showed no change. 1 study
showed an increase in blood pressure 1 day after
periodontal therapy.)

(continued on next page)

ANIT ISVISIA LYVIH B SILILNOJOIYId ‘MIIATY

14



Table 2 (Continued)

Reference

Main findings
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Natto ZS, Hameedaldain A. methodological quality assess-
ment of meta-analyses and systematic reviews of the
relationship between periodontal and systemic diseases. ]
Evid Based Dent Pract 2019;19:131-9. d0i:10.1016/j.
jebdp.2018.12.003

Peng], Song], HanJ, et al. The relationship between tooth
loss and mortality from all causes, cardiovascular dis-
eases, and coronary heart disease in the general popula-
tion: systematic review and dose-response meta-analysis
of prospective cohort studies. Biosci Rep 2019;39:
BSR20181773. doi:10.1042/BSR20181773

Roca-Millan E, Gonzalez-Navarro B, Sabater-Recolons MM,
et al. Periodontal treatment on patients with cardiovascu-
lar disease: systematic review and meta-analysis. Med
Oral Patol Oral Cir Bucal 2018;23:€681-90. doi:10.4317/
medoral.22725

Romandini M, Baima G, Antonoglou G, et al. Periodontitis,
edentulism, and risk of mortality: a systematic review
with meta-analyses. ] Dent Res 2021;100:37-49.
doi:10.1177/0022034520952401

Seitz MW, Listl S, Bartols A, et al. Current knowledge on cor-
relations between highly prevalent dental conditions and
chronic diseases: an umbrella review. Prev Chronic Dis
2019;16:E132. doi:10.5888/pcd16.180641

Taylor HL, Rahurkar S, Treat TJ, et al. Does nonsurgical peri-
odontal treatment improve systemic health? ] Dent Res
100:253-60. doi:10.1177/0022034520965958

Assessment of 42 systematic reviews using 2 quality tools: Overview Quality Assess-
ment Questionnaire and A Measurement Tool to Assess Systematic Reviews.

18 prospective studies from 1966-2018.
Found a significant association between tooth loss and all-cause mortality, but not
CVD/CHD.
Dose-response analysis on 15 studies: 19,577 cases out of 306,807 participants.
However, subgroup and sensitivity analyses showed inconsistencies.

Review and meta-analysis of 10 clinical trials up to 2017. The authors found a statis-
tically significant decrease in C-reactive protein and white blood cell levels in
patients who had nonsurgical periodontal treatment in comparison to controls
receiving no treatment.

Review of 57 studies including 5.7 million people. 10 had follow-up periods of more
than 10 years. No included study had a high risk of bias.

The meta-analyses showed that periodontitis/edentulism was associated with all-
cause mortality and mortality from CVD, cancer, coronary heart disease, and cerebro-
vascular disease. Edentulism was also associated with mortality from pneumonia. Sen-
sitivity analyses utilising only the highest-quality studies showed increased relative-
risk levels.

Analysis showed that periodontitis increased risk of all-cause and CVD mortality. The
association was not affected by severity of periodontitis, but by age: the association
was more evident in patients younger than 65.

Umbrella systematic review focused on 10 chronic diseases with the highest burden
in Germany and 3 most prevalent oral conditions.

Of 32 studies included between 1995 and 2017, only 4 were rated as high-quality.
Periodontitis was most often correlated with 1 chronic disease, whilst type 2 diabe-
tes was the chronic disease most often correlated with a dental condition. Peri-
odontitis and CVD was the most next frequently reported association.

A review of 52 systematic reviews on the effect of nonsurgical periodontal disease
treatment on disease outcomes: diabetes (21 studies), adverse birth outcomes (15
studies), cardiovascular disease (8 studies), obesity (3 studies), rheumatoid arthritis
(3 studies), and chronic kidney disease (2 studies).

Most studies were found to use surrogate end points or biomarkers instead of dis-
ease end points.

Using A MeaSurement Tool to Assess systematic Reviews (AMSTAR)-2, 92% of
studies were rated low or critically low in terms of confidence levels due to nonre-
gistration of the study protocol, lack of justification for study exclusion, risk of bias
as a result of study inclusion, and inappropriate meta-analysis techniques.

The authors concluded: “There is a dearth of robust evidence on whether nonsurgical
periodontal treatment improves systemic disease outcomes.”

Outcome measures included a mix of conditions:
diabetes, obesity, and CVD.

Tooth loss is an indirect surrogate marker for peri-
odontitis.

Included studies differed with respect to CVD out-
comes: heart failure, myocardial infarction, coro-
nary heart disease, ischemic heart disease.
Outcomes were self-reported.

Different conclusion from Cheng et al.

Most outcomes were biomarkers of CVD.

Some studies had no follow-up period or periods as
short as 1 month. Longest follow-up period was 12
months.

Small number of participants in many studies.
Heterogeneity in diagnosis of periodontal disease
and CVD.

2 studies included patients with underlying sys-
temic disease.

In one study, antibiotics were used.

In 12 studies, edentulism was self-reported. In 30
studies, the control group for edentulism was the
presence of at least 1 tooth.

Cause of tooth loss may not be periodontal disease.
Relevant potential effect modifiers were not
analysed.

2 included studies were low-quality.
The strength of evidence was limited.
The evidence to assess causality of these disease
correlations remains unclear.

Included studies showed moderate heterogeneity; 2
were of low quality.

(continued on next page)

17

"IV 13 OoIvydddd



REVIEW: PERIODONTITIS & HEART DISEASE LINK 47

Table 2 (Continued)

Limitations

Main findings

Reference

A “huge methodological heterogeneity” amongst the

This systematic review included 17 studies in English and French from 2014 to 2019.

Voinescu I, Petre A, Burlibasa M, et al. Evidence of connec-

studies is noted by the authors.

The authors note that “a significant relationship between the periodontal and car-
diovascular pathology in 17 selected studies was observed,” but do not critically

assess the studies in detail.

tions between periodontitis and ischemic cardiac disease-
an updated systematic review. Maedica 2019;14:384-90.

doi:10.26574/maedica.2019.14.4.384

No randomised control studies were included.

Only 40% of included studies had a control group.
Cardiac diagnosis was heterogenous. In some

studies, periodontal disease was self-reported.

Sex and age data were not always stated in all

studies. Only 2 studies gave race-related informa-

tion.

Diseases included varied widely amongst reviewed

studies.

CHD, coronary heart disease; CVD, cardiovascular disease.

12 of 14 studies included, the investigators reported the pres-
ence of bacterial DNA in plaque samples.”” An interesting
note, however, is that they also reported recovery of bacterial
DNA in areas of the vasculature that are resistant to athero-
sclerosis, furthering the controversy over causality.*” In a
recent study by Gode et al,, fewer than 5% of patients who
underwent surgery for atherosclerotic vascular disease (96 in
total) had DNA from periodontitis pathogens in isolated tis-
sue; this was not significantly different from tissue from
patients who underwent surgery for rheumatic heart disease
(85 in total).*®

Munoz Aguilera et al. conducted a systematic review and
meta-analysis of 40 studies investigating periodontitis and
hypertension.*”” Hypertension is a major risk factor for CVD
and could be an important causal link. Increased systemic or
local vascular inflammation (via bacteremia) and/or interac-
tion with the sympathetic nervous system have been pro-
posed as mechanistic connections between the 2 diseases.”’
Increased reactive oxygen species generation (oxidative
stress), leading to vascular dysfunction, would precipitate
hypertension in the context of “classical pro-hypertensive
mechanisms” including a salt-rich diet, obesity, and stress.”’
Their analysis showed that moderate and severe periodonti-
tis were both associated significantly with hypertension.*’
They also noted that in 5 of 12 studies, blood pressure
declined after periodontal disease therapy.*’

Two umbrella systematic reviews approached the ques-
tion of causality from a different perspective, by investigating
the effect of nonsurgical periodontal disease treatment on
health, including heart health. Taylor et al. found that most
studies did not use disease end points, but rather surro-
gates.’® Using A Measurement Tool to Assess Systematic
Reviews (version 2), they found that systematic reviews and
meta analyses in the field did not meet inclusion criteria.*®
They concluded that “there is a dearth of robust evidence on
whether nonsurgical periodontal treatment improves sys-
temic disease outcomes.”*° Similarly, Lavigne et al., in a posi-
tion paper from the Canadian Dental Hygienists Association,
asked the question: “For adults in good general health who
are diagnosed with periodontal disease (Population), will
receiving non-surgical periodontal therapy (NSPT) (Interven-
tion), as compared to not receiving NSPT (Comparison group),
lower their risk for cardiovascular diseases? (Outcome).”*
Based on their analysis, they failed to find a causal relation-
ship between periodontal disease treatment and risk for
CvD.*

Emerging topics and future directions

Additional new areas of research in establishing causality are
being driven by emerging technology. For example, the
impact of the oral and systemic microbiome, and indeed the
establishment of such microbiomes and the critical factors
involved, are all exciting frontiers. Understanding not only
which microorganisms are present but also how they interact
and synergise with one another and to processes in our body,
to perhaps gain different characteristics that may contribute
to pathology, are creating new paradigms and points of thera-
peutic intervention in CVD and periodontal disease.”*>* With
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the application of single-cell RNA-sequencing to interrogate
the transcriptome, the impact of the immune system to peri-
odontal disease pathogens and the mystery of susceptibility
may be unraveled, resulting in a greater understanding of the
intersecting pathologies.”®>’ This can result in tailored
immunotherapies or other precision medicine—type
approaches.”®

At present, the assumption of many intervention trials is
that current periodontal disease therapies could lower or
reverse risk of CVD. This may be much more difficult than
presumed. An emerging topic that we will discuss in detail

Somatic mutations; Epigenetic changes
from environmental factors, diet, and
inflammation from chronic diseases,
including CVD, PD

poses the following dilemma: What if the mechanism of dis-
ease alters properties of stem cells, which persist even after
improvements in oral health?

Perhaps a significant but overlooked development in this
area is the discovery of a new risk factor for cardiovascular
disease: clonal haematopoiesis (CH, also known as age-
related CH).>*° First recognised in 2014 for the link to CVD, a
subset of CH known as clonal haematopoiesis of indetermi-
nate potential (CHIP) has been studied extensively for its
association with mutations that may ultimately lead to hae-
matological cancer in the context of other factors.®*

Monocytes
Neutrophils

B&T lymphocytes
NK cells

Mast cells
Eosinophils

1% Convert to blood cancers/year

40% ﬁ Risk of cardiovascular disease

Fig. 3- A, Haematopoietic stem cells (HSCs) reside in the bone marrow. They have proliferative and self-renewing properties
(arrow). These HSCs give rise to all our differentiated blood cells, including those of the immune system (listed). During our
lifetime, mutations arise (cell with cross), but most have no consequences, although rare oncogenic mutations can lead to
blood cancers. Their offspring make up a small percentage of total blood cells. B, As we age, we accumulate mutations in our
HSCs. These may be due to somatic mutations; epigenetic changes from environmental factors, including diet; and inflam-
mation from chronic diseases, such as cardiovascular disease (CVD) and periodontal disease. Most, again, are inconsequen-
tial. However, a mutation that leads to a selective advantage of an HSC may arise (cells with X). This advantage may be
increased renewal capacity or increased proliferative capacity. As a result, there is a skewing in the differentiated cell popu-
lation such that they carry that mutation, and as we age, this becomes more pronounced. Less than 1% per year may result in
a blood cancer. More commonly, however, this clonal expansion of differentiated cells carrying the mutation is associated

with a 40% increase in risk of CVD.
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Clonal haematopoiesis

As we age, we acquire somatic (non-germ cell) mutations.
High-throughput next-generation sequencing has become
increasingly less costly, and “personalised” medicine based
on genomics is more attainable. As a result, multiple studies,
many related to cancers, reported genomic and exomic
(exons; portions of genes that are not translated into protein)
sequences of thousands of patients and controls. These
revealed that a percentage of blood cells carried mutations
that could indicate risk of haematological cancer.”® Because
blood cells originate from the bone marrow, this suggested
(and it was later confirmed) that a haematopoietic stem cell
harbored the mutation and, as a result, led to the clonal
expansion of this mutation (see Figure 3).°“®* The initial
mutation likely occurred randomly. CH has been recognised
to occur with aging since the 1990s. When there is a clonal
population of blood cells with a frequency >2%, this is
defined as CHIP, because of the association with clinical
outcomes.®’

Interestingly and more recently, bioinformatic interro-
gation of these data sets showed not only that these muta-
tions were associated with increased risk of haematological
cancers but that all-cause death was also increased.®® What
was especially striking was the increase in myocardial infarc-
tion and stroke (hazard ratio, 2.0 and 2.6, respectively).®® In
adults younger than 40, the incidence of CHIP is less than 1%,
and this rises to 10% in those older than 65 and to 30% in
those older than 70.°*°* However, the incidence of CHIP is
much higher in adults with a history of myocardial infarction
before age 50 (2%).°* Other studies show that CHIP may also
be a disease modifier in valve disease and heart failure.*>”*

Specific genes have been identified, and it is believed that
they may increase self-renewal capacity of haematopoietic
stem cells or in some other way lead to a growth/survival
advantage. The most-often mutated genes are related to epi-
genetic mechanisms (DNA [cytosine-5]-methyltransferase
3A, Ten-Eleven Translocation methylcytosine dioxygenase 2
[TET2], and ASXL1).°>°®’? Epigenetics relates to processes
that maintain DNA in a conformational state that either pro-
motes or inhibits expression. Although it was expected that
CHIP would associate with haematologic cancers, the sur-
prise was the degree of risk associated with CVD and stroke,
similar in magnitude to hypertension.”®

More recent studies have shown that the association
between CHIP and CVD may be causal. Whilst increased
blood cell proliferation fits well with the pathogenesis of
blood cancers, a different mechanism probably under-
scores increased CVD. The CHIP mutation in the TET2
gene would render the allele null. Transplant of TET2 het-
erozygous or null bone marrow into a mouse model of
atherosclerosis (the LDL receptor knockout mouse)
increased atherosclerosis plaque burden dose-depen-
dently.”* Loss of TET2 increased inflammation in macro-
phages, a critical cell type in the development of
atherosclerosis.”*’® This increase in inflammation is con-
sidered to lead to recruitment of monocytes and other
immune cells and drive the increase in lesion burden. In
humans, Tet2 gene mutations increase circulating levels of
interleukin-6 and tumor necrosis factor (TNF)-alpha.”’

Relevant to periodontitis, some studies suggest that
inflammation drives CH. Studies in mice show that selection
for TET2 mutant haematopoietic stem cells is enhanced by
inflammation.**’?#% Infections may select for haematopoietic
stem cells with self-renewal/proliferation advantages, as
inflammatory cells are depleted in the periphery as a result of
infections.®! In experimental systems, TET2 mutant myeloid
cell expansion was driven by microbial infection.”*#? TET2
mutant cells were resistant to death upon lipopolysaccharide
exposure and more efficiently repopulated the bone marrow
following severe infection. TET2 mutant haematopoietic
stem cells were also more proliferative following TNF-alpha
exposure.”® Certain myeloproliferative blood cancers have
been shown to be driven by inflammation, further suggesting
a role.®® If this role is proven, inflammation/infection could
provide a potential to-date-unexplored mechanistic link
between periodontitis in CH associated CVD. Are strategic
therapies for TET2 mutants and CH farfetched? Recent publi-
cations suggest not.5%*

Conclusions

Studies continue to support a link between oral health and
CVD, but causality remains unproven. Multiple studies, how-
ever, show improvements in cardiovascular risk factors fol-
lowing periodontal treatments, albeit, the follow-up periods
are mostly short. Reasonable evidence supports the contribu-
tion of good oral health to overall and heart health. The safe
bet? Continue to advise patients that a healthy mouth sup-
ports a healthy heart.
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