The Max Medical Journal | March 2024

0 MAX

Healthcare

Inflammation - The Connecting Bridge
between Periodontitis (Gum Disease) and
Atherosclerotic Cardiovascular Disease (ACVD)

Viveka Kumar', Sangeeta Dhir?

'Institute of Cardiac Sciences, Max Super Speciality Hospital, Saket, New Delhi

2Dentistry & Clinical Research, Max Super Speciality Hospital, Saket, New Delhi

Correspondence:

Sangeeta Dhir
E-mail: sangeetadhir@smilinedental.com

Abstract: Evidence suggests a high-risk association between periodontal disease and coronary heart disease.
Oral inflammation and its potential to escalate the systemic inflammatory response leading to atherogenesis
has been well explained in published literature. The aim of this scoping review is to highlight the inflammatory
mechanisms involved in the risk associations for oral - heart axis.

Introduction

The global burden of oral diseases is among the most common
NCD (non-communicable diseases). Their impact on individuals
and communities is considerable in terms of pain and suffering,
impairment of function and reduced quality of life and cost of
treatment (FDI, World Den Parliament, 2012). Amongst the oral
diseases, pperiodontal disease (periodontitis / gum disease) is
one of the most common chronic multifactorial inflammatory
disease caused by microorganisms and characterised by
progressive destruction of the tooth supporting apparatus
leading to tooth loss. Periodontitis is a major public health issue
because it reduces chewing function and impairs aesthetics, it
causes tooth loss and disability, it is responsible for a substantial
proportion of edentulism and masticatory dysfunction, it has an
impact on escalating dental costs and it is a chronic disease
with possible impact on general health.l"

Periodontitis alone has been an independent risk factor
contributing to the development of atherosclerotic vascular
disease and the underlying mechanism is systemic
inflammation.”? Atherosclerosis is a chronic inflammatory process

affecting the intima of mainly large and medium calibre arteries,
leading to formation of lipid build-ups created as a result of
accumulation of inflammatory cells and the formation of a fibro-
lipid structure, referred to as atherosclerotic plaque. Theories
regarding the pathogenesis of atherosclerosis have changed
over time. It is now widely accepted that a major component
of pathology in cardiovascular disease (CVD) and particularly
in atherosclerosis involves multiple components of the innate
and adaptive immune systems leading to an inflammatory
response within the atheromatous lesion.

Rationale for inflammatory link between
periodontitis and coronary artery disease!”

Chronic oral infection periodontitis leads to entry of bacteria
(or their products) into the blood stream. The bacteria activate
the host inflammatory response by multiple mechanisms. The
host immune then favours atheroma formation, maturation
and exacerbation.



Potential mechanisms
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Figure 1: Inflammatory mechanisms linking Periodontitis and Atherosclerotic cardiovascular disease!™

Role of systemic biomarkers and inflammatory
mediators as found in periodontal infections

Periodontitis patients have frequent bacteremic episodes
associated with detectable concentrations of lipopolysaccharide
(LPS), which are frequently found in the circulation. Animal
models of infection utilising periodontal disease pathogens
such as Porphyromonas gingivalis indicate that oral or systemic
infection can promote inflammatory responses in sites distant
from the oral cavity, such as in the atheroma.®® Thus, bacteria,
or their pro-inflammatory components, stimulate systemic
inflammatory responses as well as local inflammatory responses
in atheromatous lesions.” This would follow their association
with or modification of serum lipids, engagement of receptors
on inflammatory cells and endothelium, invasion of endothelial
cells, or seeding of atheromatous lesions with bacteria or
bacterial components. Bacteria or their products could then
promote inflammatory changes that would contribute to the
development of atheromatous lesions.

Role of antibodies in relevance to atherogenesis
that can be induced by oral microorganisms

Periodontitis patients are known to have elevated systemic
antibody responses to a variety of periodontal microorganisms,
and these organisms are known to be able to induce cross-
reactive and specific antibodies of relevance to atherosclerosis
risk. These antibodies in turn may promote or influence
inflammatory responses systemically and within atheromatous
lesions. Measures of such antibodies have both been associated
with increased cardiovascular risk in periodontitis by exhibiting
‘molecular mimicry’ wherein cross-reactive antibodies induced
by periodontal pathogens recognising host antigens and
modulate their function. In some cases, these antibodies
increase the risk for atherosclerosis by enhancing endothelial
inflammation, promoting uptake of lipids into macrophages,
or blocking antiatherogenic effects of protective molecule.
Few examples of such antibodies liberated by periodontal
pathogens include: P gingivalis expressed antibody HSP8
(GRoEL), anticardiolipin9, anti-phosphorylcholine10 (anti-PC)
and anti-oxidized LDL11 (anti-oxLDL).
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Serum lipids whose levels and potential modification by oral infection influences atherogenesis

Serum concentrations of potentially inflammatory lipids, including LDLs, triglycerides (TGs) and very low-density lipoproteins (vLDLs)
are elevated in periodontitis patients. These lipid sub-forms may easily enter the blood vessel wall, e being susceptible to modification
and therefore more likely to be incorporated in to the atherosclerotic lesion. This would accelerate development of the local lesions
and promote the maturation of the lesions (Table 1).

Inflammatory mediator or marker Association(s) with CVD

C-reactive protein (CRP) Serum levels increased in ~ Amar et al. 2003"!
chronic periodontitis (CP)

CRP, fibrinogen, interleukin (IL)-6, and other markers Serum levels decreased Tonetti et al. 2007 Hussain
following therapy Bokhari et al.'”? 2009
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Table 1: Clinical studies highlighting the role of biomarkers and increased systemic mediators of inflammation in periodontitis as
a link to inflammation in cardiovascular diseases (CVD)

Thrombotic and hemostatic markers raised by oral inflammation as in relevance to inflammatory
process underlying atheroma

The coagulation and fibrinolytic systems are intimately associated with vascular inflammation and play an important role in atherogenesis
and thrombosis.?**! A number of hemostatic factors are associated with the development of atherosclerosis including fibrinogen,
von Willebrand factor, tissue plasminogen activator (tPA), plasminogen-activator inhibitor-1 (PAI-1) and factors VIl and VIII. PAI-1is a
protease inhibitor that decreases fibrinolysis by inhibiting tPA and uPA (urokinase). Plasminogen-activator is an indicator of raised
systemic inflammation and is a risk marker for atherosclerosis and results in increased blood viscosity, thus causing endothelial cell
activation and platelet aggregation. Periodontitis has been associated with higher plasma fibrinogen levels and white blood cell
counts as reported in several studies and are decreased following periodontal therapy (Table 2).

Thrombotic or hemostatic Association(s) with CVD References
marker or mediator

Plasminogen-activator inhibitor e Serum levels in patients with advanced periodontitis Taylor et al. 2006

(PAI)-1 decrease following full-mouth extraction
e Serum levels increased in chronic periodontitis (CP) Bizzarro et al. 2007,
Fibrinogen e Serum levels increased in CP Schwahn et al. 2004,2%

e Serum levels increased in patients with CVD and CP
compared to either condition alone

von Willebrand factor and PAI-1 e Significant association with periodontal measures in
periodontitis patients with CVD

CRP, fibrinogen, interleukin o Serum levels decreased following therapy Tonetti et al. 20071
(IL)-6, and other markers Hussain Bokhari et al.”? 2009
v

Table 2: Clinical studies suggesting role of thrombotic and hemostatic mediators and markers in periodontitis and cardiovascular
diseases (CVD)

Conclusion

Published data support the concept that periodontitis can contribute to systemic levels of inflammatory mediators and
markers associated with increased risk for CVD. A variety of mechanisms that depend on exposure of the oral microflora
or components thereof to organs distant from the oral cavity are affected. Periodontitis patients have frequent bacteremias
and that sera from such individuals contain elevated LPS. Thus, promotion of a systemic inflammatory response with
production of CRP or other mediators most likely occurs.
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