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Abstract

Vascular inflammation is a critical measure of risk for major adverse cardiac
events in patients with and without known coronary artery disease. It is
recognized that patients with poor oral hygiene tend to have an increased
prevalence of coronary artery disease and myocardial infarction. Porphy-
romonas gingivalis (PG) is the keystone pathogen leading to periodontal
disease. Despite evidence suggesting a link between active PG infection and
coronary artery disease, there is limited data investigating whether PG can
contribute to increased markers of vascular inflammation in patients with
coronary artery disease. In this study, we studied 112 consecutive patients
who presented at a community preventive cardiology clinic who consented to
be assessed for the presence of PG. Subjects were enrolled in a mouth along
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assessment with measures of vascular inflammation, which was part of their
routine clinical care. The average age of patients was 70.4 ± 8.5 years with
48.6% of the patients positive for PG and 20.5% with a history of coronary
artery disease (CAD). The distribution of PG positivity was 48.3% and 34.8%
in patients without and with a history of CAD, respectively. Patients with
CAD have significantly greater levels of high sensitivity C-reactive protein
(hsCRP (1.3 ± 0.3 vs. 3.2 ± 1.1 mg/dL, p = 0.04) and MPO (245.1 ± 19.4
vs. 371.4 ± 39.1 pmol/L, p = 0.003). Patients without a history of CAD,
only Myeloperoxidase (MPO) was significantly increased. Statin use was
significantly greater in those patients with a history of CAD. Interestingly,
statin use tended to be greater in PG+ patients (71% vs. 62%) regardless of
CAD status. The data from this early study demonstrate a link between active
PG infection and increase in markers of vascular inflammation, especially
in patients with established CAD. The findings suggest PG as a marker of
cardiovascular risk, especially in patients with residual inflammatory risk.

Keywords: Periodontal disease, vascular inflammation, porphyromonas
gingivalis, biomarkers, coronary artery disease.

Introduction

There is growing recognition of the value of inflammatory biomarkers for
defining cardiovascular and mortality risk [1, 2]. Recent analyses of lipid
lowering studies have shown that residual inflammation identifies patients
at increased risk of major adverse cardiovascular events (MACE) despite
LDL lowering therapy treatment to less than 70 mg/dL [1, 3]. The fields
approach to the excess risk in patients with LDL < 70 mg/dL is to further
lower LDL. This approach presumes the only drivers of inflammation and
residual cardiovascular risk are related to cholesterol.

Proinflammatory conditions have long been linked to cardiovascular risk.
Autoimmune diseases like psoriatic arthritis, inflammatory bowel disease
and rheumatoid arthritis are all known to significantly increase the risk for
coronary artery disease and MACE [4]. Related to the presence of autoim-
mune diseases or not, the microbiome is increasingly being recognized as
mechanism for increased inflammation and coronary artery disease [5]. While
significant focus on the microbiome has been in the gut, periodontal disease
and the oral microbiome has long been thought increase the risk of coronary
artery disease and MACE [6, 7].
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A specific keystone pathogen in the mouth is Porphyromonas Gingivalis
(PG). There is growing evidence of a link between the presence of PG and
several diseases including cancer, Alzheimer’s Disease and coronary artery
disease [7–9]. Despite these data, the role of periodontal disease, and more
importantly, the potential for prevention and treatment of periodontal disease
in patients being assessed for primary and secondary prevention of coronary
artery disease is poorly understood. The goal of this study was to determine
if the presence of PG is associated with residual inflammatory risk in patients
being evaluated at a preventive cardiology clinic for primary and secondary
prevention.

Method

This study was approved by the Western IRB, study number 1297875.
Consecutive non-smoking patients who presented for care at Cardiology Care
Clinic of Lake Oconee were approached to be part of the study. In total, 120
patients were consented. Among these, 112 patients completed the data sets
and were therefore included in the analyses.

Medical and dental history along with blood draws for biomarker mea-
surement and paper points for PG assessment were obtained by qualified per-
sonnel during the visit. No follow-up was performed. All data were entered
into an eCRF to create a locked password protected database from which
these analyses were performed. Statistics were performed using Microsoft
Excel.

Results

The average age of the subjects recruited to this study was 70 years (Table 1)
and most subjects (79.2%) were present for primary prevention without
history of CAD. Nearly half (48.6%) of the patients have active PG in the
mouth. Table 1 shows 48.3% of subjects without a history of CAD were
presented with active PG. This contrasted 34.8% with a history of CAD
(p = NS). While both genders were equally represented in this study, men
were more likely to have a history of CAD than women (p < 0.02).

The average body mass indices (BMI) of the population was 27.9 which
is consistent with the majority being overweight, without a significant dif-
ference in BMI whether the subjects had a history of CAD or oral PG.
Sixteen percent of subjects had type 2 diabetes. There was an increase in
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Table 1 Patient demographics
CAD Neg CAD Neg CAD Pos CAD Pos

Subjects PG Neg PG Pos PG Neg PG Pos
Number 112 46 43 15 8
Age (±SD) 70.4 ± 8.5 69.8 ± 8.7 69.4 ± 8.9 75.2 ± 6.0 70.0 ± 7.0
% Male 48.2 34.8 46.5 80 75
BMI (±SD) 27.9 ± 5.5 27.5 ± 5.1 28.5 ± 5.4 27.0 ± 7.0 28.6 ± 6.3
% T2D 16 13 14 33 12.5

the prevalence of type 2 diabetes in the CAD+/PG- cohort. However, there
was no significant difference in the prevalence of type 2 diabetes between
those with or without a history of CAD or whether subjects were positive for
PG in the mouth.

Figure 1 depicts the levels of hsCRP and MPO found in the blood of
patients stratified by whether they had a history of CAD or not, and their
PG status. These data show that in patients with a history of CAD there
was a significant increase in high sensitivity C-reactive protein (hsCRP) in
those patients who were PG positive, as compared to those who were PG
negative. Interestingly, no statistically significant differences were seen in
hsCRP between those who were PG positive or negative in patients with
no history of CAD. These data suggest that in patients with CAD, the anti-
inflammatory effect of drug therapy, such as statin therapy, is not achieved in
the presence of PG.

As anticipated, there was greater statin use in patients with a history
of CAD compared to those without a history of CAD – 61.8% vs. 82.6%
(p = 0.049), respectively (Figure 2). There was no significant difference in
statin use between those patients with and without PG.

Discussion

Cardiometabolic risk beyond elevated cholesterol levels is a major driver
of the increasing myocardial infarction rate over the last 10 years. The
importance of this increased cardiometabolic risk is highlighted by studies
that demonstrate the relationship between residual inflammatory risk and
major adverse cardiovascular events [1]. Our results indicate that the presence
of Porphyromonas Gingivalis could be a significant contributor to residual
inflammatory risk as measured by free MPO in the blood of patients with and
without a history of CAD. Whereas our data suggests PG only contributes
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Figure 1 Level of (A) hsCRP and (B) MPO in patients based on whether they had a history
of coronary artery disease (CAD) and whether they had active Porphyromonas Gingivalis
(PG) infection in their oral cavity. Data represent mean ± SD. *Identifies an increase in the
inflammatory biomarker relative to no PG infection for the same CAD status.
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Figure 2 Percent of patients on statin therapy at the time of enrollment based on whether
they had a history of coronary artery disease (CAD) and whether they had active Porphy-
romonas Gingivalis (PG) infection in their oral cavity.

to residual inflammatory risk as measured by hsCRP only in patients with a
history of CAD.

Importantly, several mechanisms associated with PG infection in the
mouth can lead to increases in systemic inflammation without the need for
the bacteria itself to enter the blood stream. Release of lipopolysaccharide,
gingipains and fimbriae due to PG in the mouth from the bacteria into the
blood stream have been associated with disease states related to inflamma-
tion [8]. The recent GAIN trial in patients with mild-moderate Alzheimer’s
Disease demonstrated the potential clinical benefit of blocking down-stream
pathways of PG that induce inflammation through inhibition of gingipains
using a novel small molecule [10]. Interestingly, the benefit was only seen in
patients with active PG infections, suggesting quantifying PG infection offers
the potential for identifying high risk patients.

PG infection in the mouth of ApoE-/- mice has been shown to increase
TMAO levels and atheroma burden [11]. Recently, PG infection in patients
with myocardial infarction was shown to be associated with increased levels
of TMAO in patients with and without standard risk factors of myocar-
dial infarction [12]. These findings are consistent with our findings and
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support the concept that PG infection increases the risk of gut dysbiosis,
and that identifying the source of inflammation associated with increased
cardiovascular risk should include determining whether the patient has
on-going PG infection.
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