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ABSTRACT 
 

Periodontitis and cardiovascular diseases are two most common and related pathologies which 
may aggravate each other’s pathophysiological impact. Long standing periodontitis leads to a 
systemic inflammatory response which elicits as well as exacerbates the cardiovascular disease 
process in the body. Fetuin A is an anti-inflammatory and anti-calcification glycoprotein, the levels 
of which decrease with ongoing inflammation in the body. Diminished Fetuin A levels due to 
persistent periodontitis, may promote inflammation and calcification which can predispose to 
multiple cardiovascular outcomes. Therefore the purpose of this literature review was to critically 
analyse the studies regarding Fetuin A, periodontal inflammation and cardiovascular diseases and 
find out a possible relationship between them. The studies published from the year 1976-2020 
were reviewed for this article using Google Scholar, Pubmed, Research Gate & Semantic Scholar 
search engines using key words Periodontitis & Fetuin A, Fetuin A, Alpha-2- Heremans Schmid 
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Glycoprotein, pathogenesis of cardiovascular diseases, periodontitis and CVD, CVD and Fetuin A, 
etc. It can hence be concluded from this review article that Fetuin A glycoprotein has a protective 
effect on the body owing to its anti-inflammatory and anti-calcification properties.  It also advocates 
that decreased levels of Fetuin A can be used as a potential diagnostic tool to assess the 
predisposing risk of cardiovascular diseases affected by calcification and inflammatory process in 
the body. 
 

 
Keywords: Periodontitis; Cardiovascular diseases; Fetuin A; triad. 
 

1. INTRODUCTION  
 
Periodontitis is a microbial associated 
inflammatory, tissue destructive disease of the 
periodontium which affects about 743 million 
people worldwide [1]. The global prevalence of 
periodontitis is about 57.3 % [2]. Periodontitis 
occurs as a consequence of dynamic & multiplex 
interaction of local factors, immune-mediated 
host responses and environmental factors [3]. 
Multiple risk factors both modifiable and 
unmodifiable also contribute to increase the 
probability of periodontitis [4-5]. The 
periodontopathogenic bacteria namely 
Porphyromonasgingivalis, Treponemadenticola, 
Tannerella forsythia, and Aggregatibacter 
actinomycetemcomitans forming the “red 
complex” have been strongly linked with several 
systemic diseases via activation of inflammatory 
mediators after escaping into the systemic 
circulation [6]. A number of conditions have been 
attributed to periodontitis such as cardiovascular 
diseases, respiratory disease, kidney diseases, 
metabolic syndrome, rheumatoid arthritis, low 
birth weight in pregnancy and even cancer [7]. 
Periodontitis has been proposed to be a risk 
factor for Cardiovascular disorders (CVD) 
affecting the vascular system by a dual 
mechanism. First, by accelerating the overall 
burden of inflammatory markers related to the 
bacterial virulence, and alternately/secondly by 
directly invading the arteries engendering 
atherogenesis [8-9]. 
 
Alpha-2- Heremans Schmid Glycoprotein 
(AHSG), also known as Fetuin-A (FA) is a 
multifunctional hepatic synthesized circulating 
glycoprotein [10]. Its numerous pathological & 
physiological effects on various systems of the 
body such as bone mineralization, metabolism, 
nervous system and cardiovascular systems 
(CVS) have been studied [11]. Fetuin-A has anti 
– inflammatory and anti - calcification properties 
which owe to the preventive effect that FA has in 
warding off atheroma formation and 
atherosclerosis [12]. The elevated levels of 
inflammatory markers and Matrix metalloproteins 

(MMP) generated by systemic inflammation 
influenced by periodontitis down-regulates the 
circulating FA. This in turn, decreases its 
protective effect on CVS predisposing it to the 
destructive effects of systemic inflammation [13]. 
The purpose of this review is to highlight the 
possible relationship between periodontitis, CVD 
and Fetuin A through previously published 
articles. 
 
This review focuses on outlining the 
pathophysiological connection/mechanisms 
existing between two globally prevalent 
inflammatory conditions: periodontitis and CVDs. 
It also aims at seeking a potential diagnostic link 
and possible protective effects of Fetuin-A (FA) 
in bridging these two chronic diseases. It will help 
determine if FA can be used as a potential 
marker in both these conditions for future 
studies. 
 
2. DISCUSSION 
 
2.1 Inflammation & Periodontitis 
 
Inflammation is the essence of pathogenesis of 
periodontal and other systemic inflammatory 
modulated diseases especially cardiovascular 
diseases [14]. Inflammation starts off as a 
physiological response to an agent/insult which, 
if not eradicated timely converts the inflammation 
into a pathological or chronic form [15]. 
 
Periodontitis displays periods of active and 
quiescent stages during its progression, and can 
be managed promptly if treatment is provided 
[16]. When the periodontal bacteria (microbes) 
residing in the dental plaque and calculus of the 
periodontal pockets have accumulated 
substantially, they cause the release of acute 
phase proteins,  Lipopolysaccarides (LPS), 
antigens & virulent toxic products (endotoxins) 
that elicit the body’s host immune response [15]. 

 
The host-immune mediated inflammatory 
response, in turn, releases cytokines, 
prostanoids and Matrix Metalloprotein (MMP) 
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which leads to the destruction of connective 
tissues and disturbs bone metabolism of the 
periodontal tissues leading to clinical signs of 
periodontal disease development & its 
progression [15,17]. The inflamed & ulcerated 
gingival sulcular area produced secondary to 
host-immune response, acts as a favorable site 
for leakage of microbial toxins into the blood 
stream contributing to systemic inflammation 
[18]. 
 
Once in the blood stream these exotoxins and 
endotoxins disseminate to distant sites of the 
human body to serve as a mode of systemic 
infection [19-20]. Cardiovascular diseases, 
respiratory infections, Diabetes Mellitus, insulin 
resistance, stroke, Alzheimer's disease, 
gastrointestional diseases and unfavourable 
pregnancy outcomes have all been reported to 
be associated with the periodontal pathogens 
[21-22]. This accentuates the facts that the 
treatment of periodontal diseases should never 
be ignored and deferred as they predispose the 
body to multiple systemic diseases. 
 

2.2 Periodontitis and Cardiovascular 
Disease 

 

Periodontitis plays an independent but 
contributory role in the initiation and progression 
of cardiovascular diseases [23]. High global 
prevalence, sharing of common risk factors and 
being the product of chronic inflammation are the 
similarities shared between these two diseases 
[24]. Experimental animal studies have also 
indicated that periodontal infections could 
increase atherosclerosis in the presence or 
absence of hypercholesterolemia [25]. 
 

Meta-analysis, prospective cohort and case-
control epidemiological studies have 
strengthened the notion that an association 
exists between periodontitis and developing 
atherosclerotic vascular disease, atherosclerotic 
plaque disruption, coronary heart disease, and 
acute myocardial infarction. [26-29]. 
Furthermore, the course of atherosclerosis is 
influenced by the persistent low grade 
inflammation associated with periodontitis [30]. 
Vascular calcification mediated as a result of 
chronic inflammatory stress, has been reported 
to be a powerful indicator of atherosclerosis & 
other cardiac related mortalities as confirmed by 
electron beam computed tomography [31]. The 
density as well as the extent of calcification, is 
directly proportionate to the accelerated 
likelihood of cardiovascular events [32-33]. 

The main periodontal pathogen Porphromonas 
gingivalis has been found to aggravate chronic 
inflammation in the vasculature by escaping the 
innate immune system of the body as well as 
producing virulent vesicles responsible for 
thrombus formation and platelet aggregation [34-
35]. Furthermore, the various other interlinked 
routes of systemic inflammation generated by 
periodontal pathogens includes (i) increase 
cholesterol & lipid abnormalities. A case-control 
study by Stephan et al hypothesized that 
periodontitis leads to an alteration in the plasma 
lipoproteins levels which promotes atherogenesis 
[14]. P. gingivalis secretes a family of proteases 
i.e gingipains which have the potential to 
proteolytically split and modify plasma 
lipoproteins, (ii) Epithelial Dysfunction. This is 
attributed by the enhanced expression of 
adhesive molecules P & E selectin, & vascular 
cell adhesion molecule-1 (VCAM-1) on the 
Vascular Smooth Muscle Cells (VSMC) leading 
to infiltration of monocytes, plus neutrophils into 
the vessels to accentuate the ongoing chronic 
inflammatory process [36-37]. Simultaneously 
increased permeability due to altered shape of 
endothelial cells, increases entry of Low Density 
Lipoproteins (LDL) into the VSMC, undergoing 
oxidation, forming Foam cells paving way for 
progression of atherosclerosis [38] (iii) release of 
proinflammatory cytokine such as IL -6, IL-8, 
TNFα etc  and reactive oxygen species (ROS) by 
polymorphonuclear leukocytes cause VSMC 
death and orchestrating atherogenesis [39]. All 
these processes put the human body at a higher 
risk of developing microcalcification foci in the 
cardiac vessels eventually resulting in 
atherosclerosis [39]. 
 

2.3 Fetuin A: Alpha-2- Heremans Schmid 
Glycoprotein 

 
Fetuin A (FA) was first isolated by Pederson as a 
naturally occurring serum glycoprotein, from 
bovine fetal serum in 1944, hence the name [13, 
40]. It belongs to the cystatin superfamily and is 
produced majorly by hepatic and adipose 
tissues. Fetuin A has been recognized as a 
multifunctional molecule related to its role in 
metabolic processes, insulin resistance, 
regulation of adipogenesis and mineralization 
throughout the body [41]. FA is down-regulated 
by inflammatory mediators and is a negative 
acute phase protein [42]. Although multiple 
functions of FA are still being discovered, its role 
in inhibition of ectopic calcification especially in 
vessels, by regulation of calcium and bone 
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metabolism is of particular interest in 
periodontitis and cardiovascular diseases.  
 

2.4 The Triad 
   
Through researches spanning over decades, it 
has been postulated in this article earlier, that 
periodontitis and cardiovascular disease are 
related to each other. Fetuin A in comparison has 
only recently gained popularity (3 decades) due 
to its multiple protective physiological effects on 
various systems of the body. The circulating 
Fetuin A concentration is however, affected 
(decreased) by uncontrolled inflammatory burden 
in the body which also hampers its protective 
function [42]. This review will thus try to show-
case two specifically major roles of Fetuin A, the 
anti-inflammatory and anti-calcification in 
preventing the two most common, chronic 
inflammatory conditions namely periodontitis and 
cardiovascular disorders. It will also alternately 
underscore how reduced FA concentration can 
accelerate the initiation and progression of these 
two interlinked diseases. [Fig. 1] 
 
2.4.1 Anti-inflammatory role of Fetuin A 
 
Fetuin A has been shown to possess strong anti-
inflammatory properties by inhibiting the 
production of proinflammatory cytokines such as 
tumor necrosis factor (TNF) by spermine and its 
synthetic analogues [43]. In-vivo anti-
inflammatory effect of FA was confirmed by using 
inflammatory models on rats, rodents and mice 
by Dziegielewska K.M. et al. [44]. These studies 
concluded that when additional FA was 
administered (e.g 20-100mg/kg) in these 
animals, it brought about a reduction in the 
inflammatory response along with improving the 
animals’ survival [45]. Fetuin A has also 
demonstrated the inhibition of high Mobility 
Group Box-1 protein release (HMGB-1) by the 
macrophages which are active in chronic 
inflammation [45]. HMGB-1 is released at a later 
stage of inflammatory response as a late 
proinflammatory cytokines which is known to 
exacerbate systemic inflammation [46]. The 
calcium-phosphate (CP) crystals generated 
during periods of continuous inflammation also 
induce proinflammatory cytokines secretion 
through stimulation of neutrophils and 
monocytes/macrohages and additionally by 
vascular smooth muscle cell death by apoptosis 
[47-48]. These CP crystals are also hindered 
from producing proinflammatory mediators by the 
anti-calcification effects of FA which is               
discussed as follows. 

2.4.2 Anti-calcification role of Fetuin A 
 
The abundant presence of Fetuin A in bone (25% 
weightage of noncollagenous proteins) suggests 
its role in mineralization [49-50]. Previous in-vitro 
study by Schinke T. et al demonstrated the role 
of Fetuin A in inhibiting the precipitation of 
hydroxyapatite from solutions supersaturated 
with calcium and phosphate by subsequent 
formation of the Fetuin-mineral complex [51]. In 
an animal study by Christoph Binkert et al it was 
confirmed that Fetuin A binds to TGFᵦ/BMPs 
(transforming growth factor beta/ bone 
morphogenic protein) cytokines in bone marrow 
cell cultures of rats treated with dexamethasone 
(dex-RBMC) acting as an antagonist and 
inhibiting osteogenesis at concentrations >10 pM 
[52]. Yet another experimental study by Paul A. 
Price and Lim JE on rats treated with Etidronate 
reported the production of large amounts of 
Fetuin-mineral complex (composed of Fetuin A, 
Gla protein & calcium, phosphate minerals) 
namely calcioprotein particles (CPP). The CPP 
which are produced by the precipitation of the 
hydroxyapatite crystal are then easily removed 
by the action of macrophages. This is contrary to 
immediate precipitation that occurred within 
minutes in the rats samples, in absence of 
Fetuin. The in-vivo calcification inhibiting property 
of FA can thus be justified [53]. Hence these 
studies support the notion that FA serves as a 
major inhibitor of pathological ectopic 
calcification [39,53].

 

 
Despite the potent role of Fetuin A in 
counteracting inflammation and ectopic 
calcification to prevent cardiac diseases, its 
concentration in the body is threatened by the 
products of inflammation. As previously noted, it 
is a negative phase protein and its concentration 
in the body is affected (decreased) by the 
inflammatory load in the body [42]. 
 
2.4.3 Affect of Matrix Metalloprotein on Fetuin 

A 
 

Matrix Metalloprotein (MMP) has been identified 
as a biomarker in chronic periodontitis as well as 
a signature inflammatory mediator that degrades 
all extracellular matrices, and is responsible for 
tissue destruction seen in this condition [54]. 
Hence it is considered as a diagnostic and 
prognostic tool in chronic periodontitis [54]. 
Recent in-vivo studies by Checchi V et al and 
Schure RS have demonstrated that MMP 
especially MMP-7 & MMP-3 are capable of 
binding and degrading Fetuin A (assessed by
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Table 1. Tabular representation of researches showcasing a relationship between Fetuin A, Periodontitis & Cardiovascular diseases 
 

Study title Year of study Authors Study outcome 
Correlation of Serum Fetuin A and Matrix 
Metalloproteinase-7 Levels in 
Periodontitis and the Outcome of Initial 
Periodontal Therapy on Their Levels - A 
Preliminary Report 

2019 Reena Lobo et al Higher circulatory Fetuin A level has a protective 
role and helps in maintaining periodontal tissue 
homeostasis. The reduction of Fetuin A in 
Chronic Periodontitis highlights its predictive 
importance as an anti-inflammatory biomarker. 
Concurrently, it could pose as one of the possible 
linking factors between inflammatory conditions 
and vascular calcifications. 

The Enzymology of Fetuin: A Potential 
Link between Periodontal Diseases and 
Calcifying Atheromas 

2013 R. Schure  By mass spectrometry the presence of novel, 
MMP-7-mediated cleavage sites in Fetuin were 
found. Fetuin bound tightly to MMP-7 (kd =2.96 x 
10-9 M). The degradation of Fetuin by MMP-7 
could explain, at least in part, the apparent 
association between periodontal diseases and 
calcifying atheromas. 

Impact of matrix metalloproteinases on 
inhibition of mineralization by Fetuin 

2012 R. Schure et al MMP-7 and, MMP-3, affect the ability of Fetuin to 
inhibit the formation of hydroxyapatite in vitro. 
This data suggest that the MMPs increased in 
inflammatory diseases, such as periodontitis, 
could affect regulation of mineralization and 
potentially enhance the risk of calcified atheroma 
formation. 
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Fig 1. Relationship between periodontitis, cardiovascular diseases (CVD) and Fetuin A 
 
mass spectrometry) in serum of patients with 
periodontitis, thereby reducing its levels [13,55]. 
This degradation/destruction of FA in chronic 
inflammatory conditions deters and even halts 
the ability of this glycoprotein to carry out its anti-
inflammatory and anti-calcification functions 
needed for the prevention of predisposing 
cardiac diseases Table 1. 
 
Fig. 1 briefly summarizes the route how 
periodontitis predisposes to cardiovascular 
disease. It shows the two most important 
functions performed by Fetuin A in preventing the 
spread of inflammation in the body as well as 
dealing with the ectopic vascular calcification 
which is the key factor in development of many 
cardiovascular diseases. This also highlights that 
the matrix metalloprotein (MMP) produced by the 
host-immune response secondary to the 
systemic inflammation has the capability to 
degrade Fetuin - A by binding and cleaving the 
peptide. This leads to a reduction in the 
circulating Fetuin A levels in the body and hence 
inhibition of anti-inflammatory and anti-
calcification function of Fetuin A which 
accentuates the inflammatory and calcification 
processes throughout the body. 
 

3. CONCLUSION 
 
The current literature review suggests a strong 
association between periodontitis and 

cardiovascular diseases as they share multiple 
similarities in terms of common risk factors, being 
highly prevalent and debilitating public health 
conditions. Moreover, it provides a clear 
understanding of how an oral disease which is 
usually ignored can influence the initiation and 
propagation of fatal systemic conditions. This 
review also provides knowledge about the 
diagnostic efficiency of a natural glycoprotein 
Fetuin A, which in higher concentrations has 
crucial protective and preventive effects on the 
body especially in the induction and progression 
of these diseases. This paves the way for its 
further exploration as a potential diagnostic 
biomarker. Health care physicians can utilize this 
piece of information to educate their patients and 
emphasize better oral hygiene and to maintain a 
healthy body. 
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