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Abstract 
 
Hypothesis and Objectives: Periodontitis is one of the most common inflammatory 

diseases in the world, affecting more than 50% of the population. Its inflammatory 

capacity has been shown to increase the risk of coronary heart disease, thus linking 

both diseases. Metalloproteinases (MMPs) are zinc-dependent enzymes involved in 

the breakdown of the extracellular matrix in both periodontitis and atherosclerotic 

plaque in coronary heart disease. This literature review aims to analyze the diagnostic 

potential of MMPs (MMP-8, MMP-9) and the tissue inhibitor of matrix metalloproteinase 

(TIMP-1) in saliva and serum for the detection of periodontal and/or coronary artery 

disease. 

 

Methodology: Research was conducted through PubMed and Wiley Online Library 

platforms. A total of 36 articles were read and analyzed, and eight were analyzed in 

depth to describe the results of this project. 

 

Results: MMP-8, MMP-9 in saliva show an elevated expression in patients with 

periodontal diseases while TIMP-1 is reduced in periodontal patients. MMP-8 is also 

found in high levels in other fluids such as gingival crevicular fluid (GCF). On the other 

hand, serum MMP-8 and MMP-9 show a high expression in patients with coronary 

heart disease. However, the level of TIMP-1 in blood is shown to be of no significance 

for the diagnosis of coronary heart disease.  

 

Conclusion: MMP-8, MMP-9 are potential biomarkers for the diagnosis of periodontal 

disease and coronary heart disease. However, sampling of biological fluids is essential 



for diagnostic value. Thus, MMP-8 and MMP-9 in the serum are considered less 

relevant for the diagnosis of periodontal disease. Likewise, the use of saliva 

biomarkers is not considered useful for the diagnosis of coronary heart disease. TIMP-

1 levels in saliva and serum does not show conclusive results and therefore more 

research should be carried out. 

 

Resumen 

Objetivos: La periodontitis es una de las enfermedades inflamatorias más comunes 

en el mundo, que afecta a más del 50% de la población. Se ha demostrado que su 

capacidad inflamatoria aumenta el riesgo de sufrir una cardiopatía coronaria, lo que 

relaciona ambas enfermedades. Las metaloproteinasas (MMP) son enzimas 

dependientes del zinc que participan en la descomposición de la matriz extracelular 

tanto en la periodontitis como en la placa aterosclerótica de la enfermedad coronaria. 

Esta revisión bibliográfica tiene como objetivo analizar el potencial diagnóstico de las 

MMP (MMP-8, MMP-9) y del inhibidor tisular de la metaloproteinasa de la matriz 

(TIMP-1) en saliva y suero para la detección de la enfermedad periodontal y/o 

coronaria. 

 

Metodología: La investigación se realizó a través de las plataformas Pubmed y Wiley 

Online Library. Se consultaron y se analizaron un total de 36 artículos, ocho de estos 

estudios se analizaron para describir los resultados. 

 

Resultados: Las MMP-8, MMP-9 en saliva muestran un resultado elevado para las 

enfermedades periodontales mientras que el TIMP-1 está reducido en los pacientes 



periodontales. La MMP-8 también se refleja elevada en otros fluidos como el líquido 

crevicular gingival (GCF). Por otro lado, la expresión de MMP-8, MMP-9 en suero es 

elevada en paciente con enfermedad coronaria. Sin embargo, el nivel de TIMP-1 en 

sangre se muestra sin importancia para el diagnóstico de la cardiopatía coronaria. 

 

Conclusión: Las MMP-8, MMP-9 son potenciales biomarcadores para el diagnóstico 

de la enfermedad periodontal y la enfermedad coronaria. Sin embargo, la toma de 

muestras de fluidos biológicos es esencial para el valor diagnóstico. Los 

biomarcadores MMP-8 and MMP-9 en suero son considerados menos relevantes para 

el diagnóstico de la enfermedad periodontal. Asimismo, el uso de biomarcadores de 

saliva no se considera útil para el diagnóstico de la enfermedad coronaria. El TIMP-1 

no muestra resultados concluyentes, de modo que hace falta una mayor investigación 

de este biomarcador. 
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1. Introduction 

The increase in non-communicable diseases (NCD) worldwide causes the 

death of about 70% of global mortality or 41 million deaths of individuals per year. The 

greatest NCD worldwide is cardiovascular disease, which in Europe alone causes the 

death of more than 3.9 million patients.1 Every year cardiovascular diseases, which 

include stroke, rheumatic heart disease, cardiomyopathy, myocardiopathy and 

coronary heart disease, represent the leading cause of death worldwide.2  Coronary 

heart disease is the leading cause of cardiovascular mortality, claiming more than 4.5 

million lives annually worldwide.3 On the other hand, periodontitis is also considered a 

highly prevalent non-communicable disease. Around 40-50% of the world' s population 

suffers from periodontitis, 

and up to 11.2% of them 

experience severe 

periodontitis (Fig 1).1 And 

although it does not cause 

deaths, in 2016 it was 

considered one of the 

diseases that caused YLD 

(years of disability) of 

those of 3.5 million people 

around the world.4  

 

Several studies have shown a correlation between periodontal disease and 

cardiovascular disease (e.g. stroke, myocardial infarction, vascular disease, coronary 

Fig 1. World population suffering periodontitis. Reference: Sanz M, Marco del Castillo 
A, Jepsen S, Gonzalez-Juanatey JR, D’Aiuto F, Bouchard P. Own elaboration 
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artery disease (CAD)).1 5 It is crucial that dentists understand and identify the 

association between periodontal disease and cardiovascular disease. Important 

elements to take into account for a correct treatment of periodontitis and help to 

promote a healthy periodontium are crucial to reduce the overall inflammation in the 

organism and the prevention of cardiovascular disease. In addition, an early diagnosis 

of periodontitis is a key element in terms of the success of the treatment; thus, the 

progression of the inflammation could cause an irreversible loss of periodontal 

structures and potentially could facilitate the development of cardiovascular disease. 

 

1.1 Periodontal Disease 

Periodontitis, or periodontal disease, is a multifactorial inflammatory disease 

related to dental plaque and where its main victim is the destruction of the supporting 

tissues of the tooth.6 There is evidence that there are different elements that influence 

periodontal diseases. Studies have suggested that there is a relationship between 

social income and periodontal diseases.  It has been reported that people with a low 

socioeconomic index had 1.8 times more severe periodontitis than those with a high 

socioeconomic index.4 Though, periodontal disease is produced by certain bacteria 

like, Actinobacillus actinomycetemcomitans, Porphyro-monas gingivalis, Prevotella 

intermedia and Tannerella forsythensis, which are essential for disease onset, the 

existence of predisposing factors will influence the pathogenesis of the disease. 7 

Periodontitis can be chronic, also called continuous or aggressive, where bone loss 

and insertion is rapidly occurring. The periodontal disease is subdivided into localized, 

where less than 30% of the pieces are affected, or generalized, where more than 30% 

have pockets larger than 4mm. Periodontitis can be categorized as mild (1-2mm), 
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moderate (3-4mm) and severe with pockets deeper than 5mm. 7 The basic signs of 

periodontitis are the presence of periodontal pockets, gingival bleeding and bone loss 

from the alveolar bone.6 The traditional methods for periodontal diagnosis are based 

on the patients' clinical history including intraoral and extra oral examination, presence 

or absence of BOP, periodontal pocket and radiographic images (Fig. 2):8 

 

• Presence or absence of inflammation such as BOP (bleeding on probing). This 

indicator is used to monitor the inflammation present in gingival tissue. BOP is 

measured by inserting a probe into the sulcus with slight pressure. The 

presence of bleeding is often associated with the degree of bacteria present in 

the dental plaque, causing inflammation and therefore bleeding. 9 Absence of 

bleeding is a reliable indicator of periodontal health.10 

 

• Probing depth: For the evaluation of probing depth, it is important to choose the 

correct periodontal probe, the most recommended, the CP12 probe. The probe 

is inserted at the base of the junctional tissue of 6 sites of each tooth (mid-

buccal, mid-buccal, buccal, disto-buccal, mid-palatal, mid-palatal and disto-

palatal. If probing depth, along with BOP persist over time, this can be 

considered a risk for progression of periodontal disease.10 

  

• X-rays radiographic diagnosis is important for the diagnosis of periodontitis.  A 

healthy periodontium would not exhibit changes in the lamina dura or shows no 

evidence of bone loss.9 However, radiographs in periodontal patients show 
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bone loss and its pattern.10  These radiographs cannot be used as the only 

diagnostic method, but as a complementary one to the rest of the tests.9 

 

• Recession and clinical attachment loss: this method is considered as an 

additional method to radiographic tests, probing and BOP. Probing depth in mm 

added to recession equals the loss of attachment.10 

 

• Dental mobility: the loss of attachment plus the loss of alveolar bone cause 

dental mobility. The degrees of mobility are classified as grade I if the horizontal 

mobility is less than 1 mm, grade II if it is greater than 1 mm in the horizontal 

direction and grade III if the mobility is both horizontal and vertical.10 

 

• Occasionally the use of supplementary diagnostic tests such as GCF evaluation 

can be used for the detection of periodontal disease; however, they are not 

commonly used. These approach detects the presence of associated 

substances, pathogens, enzyme detection, tissue breakdown and inflammatory 

biomarkers, present in periodontal patients.8 

 

The diagnostic possibilities of periodontitis are based on knowledge of their 

etiology and pathogenesis. As mentioned above, current diagnosis methods to date 

have focused primarily on the clinical examination of the oral cavity, oral radiographs 

an occasionally supplementary test. Advances in research into the diagnosis of oral 

and periodontal diseases are moving towards techniques to help identify and quantify 

periodontal risk using molecular biology. These techniques allow to analyze and 
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quantify biomarker in different biological fluids of interest in dentistry, as saliva and 

crevicular fluids. As mentioned, these approaches are used on an occasional basis 

and only as a supplementary method to traditional diagnostic methods for the detection 

of periodontal disease.  

 

 

 
1.2 Periodontitis is an Inflammatory Disease 

Periodontitis causes inflammation of the immune system, both local and 

systemic, through a rise of white blood cells, C-reactive protein, fibrinogen, proi-

nflammatory cytokines and cell adhesion molecules. 5The inflammatory response of 

periodontitis to the immune system at a systemic level enhances the risk of 

cardiovascular disease. Alternatively, there is the potential for various pathogens 

present in the mouth to infiltrate the blood stream and be incorporated into 

atherosclerotic plaques, promoting inflammation of these plaques. 5 

Fig 2. Periodontal Diagnostic Methods. Reference: Own elaboration.  
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Although there is a strong pathophysiological relationship between the two 

diseases, it is possible that the association between periodontitis and cardiovascular 

disease is not a causal one. In many observational studies, the association of both 

diseases is explained by risk factors. Smoking, diabetes mellitus, increasing age and 

low socioeconomic status are shown to be risk conditions for periodontal diseases as 

well as for cardiovascular diseases (Fig. 3). These common risk factors between both 

diseases are relevant to the understanding of the relationship between them. 

Controlling them leads to a reduction in both diseases.5  

 

 

In 2012, the European Federation of Periodontology (EFP) together with the 

American Academy of Periodontology concluded that there is high evidence that 

indicates that periodontitis imposes an increased risk for future arteriosclerosis or 

cardiovascular disease. 1The American Heart Association, also in 2012, stated that 

Fig 3. Risk factors for Periodontal Disease and Coronary Heart Disease. Reference: Stewart R, West M. 
Own elaboration 
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there is no clear evidence that periodontal disease causes cardiovascular disease. 

Many studies show a strong evidence of an association between the two diseases, but 

this does not prove a causative relationship between periodontitis and coronary artery 

disease, 5 11 but deservers further research as is shown in this work. 

 

1.3 Coronary Artery Disease 

Coronary artery disease is a cardiovascular disease that affects the arteries of 

the heart, causing a deficiency of oxygenated blood pumping to the heart. This disease 

is mainly caused by a buildup of plaque in the arteries or what is known as 

arteriosclerosis.12 These plaques cause a blockage of the coronary arteries on the 

surface of the heart, decreasing the oxygen reaching the heart and causing myocardial 

ischemia. Coronary artery disease, including acute myocardial infarction (AMI), is 

responsible for 50% of deaths from cardiovascular disease.13 

 

As mentioned above, most cardiovascular diseases, including coronary heart 

disease, are the result of an accumulation of risk factors such as age, environment, 

genetics, lifestyle, medical conditions, race and gender.12 

 

The majority of patients with coronary heart disease suffer from severe 

symptoms.13 However there is a percentage that is referred to as "silent' coronary 

disease, that don't show any symptoms or signs.12 Angina pectoris is the most obvious 

symptom of coronary heart disease (CHD), where a pressure in the chest that may 

radiate to the shoulder causes pain for a few minutes.13 
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For the diagnosis of coronary heart disease, blood tests along with electrocardiograms 

are of great importance. However, there are other diagnostic tests such as coronary 

calcium scan, stress test, magnetic resonance imaging (MRI) for the detection of 

damaged tissue, coronary angiography, etc.12 

 

Even though that both periodontitis and coronary artery disease have each an 

individual diagnostic method, there are some biochemical tests that can be used for 

the diagnosis of both diseases. These techniques are promising techniques for the 

future that are under development, which could include saving time and saving costs 

for the diagnosis of both periodontitis and coronary artery disease. Nonetheless, there 

are different types of saliva biomarkers and serum biomarkers involved in the immune 

system's response that demonstrate the early diagnosis of these diseases.   

 

1.4 Molecular Biomarkers for the diagnosis of Periodontitis and early 

detection or risk of Coronary Artery Disease 

According to the International Program on Chemical Safety, led by WHO (World 

Health Organization) and in cooperation with the United Nations (UN), the definition of 

a biomarkers is stated as "any substance, structure, or process that can be measured 

in the body or its products and influence or predict the incidence of outcome or 

disease".14 A more extensive definition, takes into account not only the occurrence and 

outcome of a particular disease but also the effects of interventions and treatments. 

WHO cites that the real concept of a biomarker includes “almost any measurement 

reflecting and interaction between a biological system and a potential hazard, which 

may be chemical, physical or biological”. The measured response may be functional 
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and physiological, biochemical at the cellular level, or molecular interaction”.14 By 

definition biomarkers are quantifiable objectives, which are features of any biological 

process. Biomarkers may be considered of great value in the diagnosis of diseases, 

as well as in their treatment and follow-up.15 

 

The detection of biomarkers in biological fluids, such as saliva and blood, can 

be considered an important medical tool for the early diagnosis of periodontal diseases 

as well as cardiovascular diseases, and of special interest in dentistry. Early diagnosis 

of different diseases favor a greater probability of recovery and success. This is why 

the detection of biomarkers in body fluids, is of great significance in cardiovascular 

diseases and other pathologies, as periodontitis.15  

 

Both disease have different biomarkers that can show a sign of the presence of 

these diseases. In periodontal diseases, when examining the destruction of periodontal 

structures such as alveolar bone, different biochemical markers, such as 

metalloproteases (MMPs), bone collagen fragments, and osteocalcin, can predict 

periodontal loss. 16 The cytokine IL1β together with tumor necrosis factor (TNFα) and 

prostaglandin E2 (PGE2) are responsible for neutrophil migration and alveolar bone 

resorption in periodontitis. A high concentration of these cytokines can be used as 

diagnostic indicators of the presence and progression of a periodontal disease. 

However, these biomarkers correspond only to the detection of periodontitis, not 

coronary artery disease, therefore they are not going to be discussed in this work. 17In 

the case of cardiovascular diseases, there are several circulating markers that are 

associated with atherosclerosis such as cyclooxygenase-2 (COX-2), hepatocyte 
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growth factor (HGF), interleukin (IL), MMPs, etc.18 Despite of the presence of several 

biomarkers, metalloproteinases (MMPs) are powerful biomarkers for the diagnosis of 

both periodontal and cardiovascular diseases, in saliva and in serum, and therefore 

this literature review will be based on them. 

 

As mentioned above, the increase of the MMPs is also associated with 

periodontal disease. Of the most important, MMP-8 (metalloprotease-8), MMP-9 

(metalloprotease-9) and TIMP-1 (tissue inhibitor metalloproteinase-1), are described 

as major saliva biomarkers for the detection of periodontal disease.17 Alterations in 

MMP expression, although they are related to biological processes, they also appear 

during pathological processes, such as cardiovascular diseases and periodontal 

disease. 19 MMPs are created in a latent and non-active form, but can be activated 

depending on their molecular structure, either extracellular or intracellular. The main 

inhibitors of these enzymes are the TIMPs or tissue inhibitors, which restrict the 

decomposition of their extracellular matrix components.20  

 

1.4.1 MMPs and TIMPs are Molecular Biomarkers for the diagnosis of 

Periodontitis and Coronary Artery Disease 

MMPs are a group zinc-dependent enzymes responsible for the degradation of 

most of the extracellular matrix proteins during the organogenesis, the growth and the 

replacement of tissues, and in pathological processes. 21 Around 23 MMPs have been 

genetically identified in humans20. These 23 members of the MMPs family are arranged 

as a pro-peptide sequence of more than 80 amino acids (aa), a catalytic 

metalloproteinase domain of 170 aa, a linker peptide or hinge region and the 
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hemopexin domain of 200aa. Depending on their structural domain organization, 

MMPs are classified into collagenases, gelatinases, stromelysins, matrilysins, 

membrane type (MT-MMPs) and others. 19 

 

In dentistry, MMPs are biomarkers of interest for diagnosis of periodontitis and 

coronary artery disease. Thus, MMP8 also called collagenase 2 or neutrophil 

collagenase is main type of interstitial collagenase present in gingival crevicular fluid 

and saliva, oral rinse samples and the human gingival tissue affected by periodontitis. 

22 MMP-8 in its active form, originating from neutrophils is known to be the main host 

cell-derived collagenase that produces periodontal connective tissue destruction as a 

result of gingival collagen and periodontal ligament breakdown. 23 

 

MMP9 or also known as gelatinase B, is an enzyme that breaks down type IV 

collagen and elastin. 24 They are produced by different cell types, including epithelial 

cells, fibroblasts, keratinocytes and osteoblasts. 19 An increased concentration of 

MMP-9 is widely associated with atherosclerosis and cardiovascular disease. This 

enzyme is known to be linked to the rupture of atherosclerotic plaque and to the 

destruction of myocardial tissue.25 It has also been reported that serum MMP-9 levels 

are significantly elevated in people who have suffered a myocardial infarction, 

compared to healthy cardiovascular patients, showing that MMP 9 is a clear marker of 

cardiovascular disease.26 

 

The activity of MMP enzymes is regulated by different inhibitors, where tissue 

inhibitors of metalloproteinases (TIMPs) plays the most important role. The balance of 
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MMPs and TIMPs is responsible for the control of extracellular matrix protein 

degradation, inflammation and downregulate cell growth and migration that can cause 

different diseases. 27 Each TIMPs or metalloproteinase inhibitor is composed of at least 

190 amino acids (aa), organized into two domains, each stabilized by disulfide bonds. 

The N-terminus can function independently for the inhibition of MMPs through its 

catalytic domain.  On the other hand, the function of its second domain, the C-terminus, 

is not fully understood, but it binds to the hemopexin domain of latent MMPs. 27 

 

Tissue inhibitor matrix metalloproteinase 1 or TIMP-1, is a secretory protein that 

belongs to the 4-member family of TIMPs (TIMp1, TIMP2, TIMP3 and TIMP4).28 29 Its 

interaction with specific metalloproteinases, such as MMP8 and MMP9, determines 

the function of the metalloproteinases. 30 

 

The structure of TIMP1 encodes to 931 base pair mRNA and a total of 207 

amino acids.28 This protein, according to studies, has been shown to have an inhibitory 

effect against most MMPs, except MMP14, MMP16, and MMP19. 31 The inhibition 

process is through the 1:1 formation of a non-covalent bond with MMPs, which 

regulates the balance of matrix remodeling during extracellular degradation.28 

 

Although the main function of TIMPs is the inhibition of MMPs, they are also part 

of their transport and stabilization. Several studies have proposed that an imbalance 

of MMPs and their inhibitors results in the activation of periodontal disease. This takes 

place because an increment of MMPs and a reduction of TIMPs cause the breakdown 
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of connective tissue collagen and alveolar bone, fundamental pillars for a healthy 

periodontium. 29 

 

1.4.2 Techniques to Quantify MMPs and TIMPs in Biological Fluids 

In order to study MMPs and TIMPs it is important to know about reliable methods 

to detect and quantify these molecules. The analysis of biomarkers in biological fluids, 

such as saliva and blood, can be considered an important medical tool for the early 

diagnosis of periodontal diseases as well as cardiovascular diseases, of especial 

interest in dentistry. As an example, an early diagnosis of both diseases have a greater 

probability of recovery and success. This is why the detection of biomarkers in body 

fluids, such as saliva, serum and gingival crevicular fluid (GCF) is of  great significance 

in these pathologies.15 Studies have shown that there are different techniques for 

detecting biomarkers on the market, such as gel electrophoresis, surface plasmon 

resonance or electrochemical assay. However, the most used are time-resolved 

immunofluorescence assay, also known as immunofluorometric assay (IFMA) and 

Enzyme-Linked ImmunoSorbent Assay commonly known as ELISA. 20 

 

ELISA is one of the most widely used biomarker detection methods for clinical 

diagnosis of different diseases. ELISA usually works with the use of antibodies raised 

in animals, targeted to specific biomarkers. This method is a useful method in the 

detection of biomarkers in biological fluids, so its use in studies in both saliva and 

serum biomarkers is very commonly used.15This is why ELISA is the method 

implemented in all the studies reviewed for the detection of MMPs.  
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On the other hand, IFMA is an immunofluorometric assay, also used in different 

studies for the detection of biomarkers (in saliva and serum) in both coronary and 

periodontal diseases, specifically active MMP8. 29 Together with ELISA, they are the 

two most commonly used methods for the detection of MMPs.32  IFMA is an analytical 

method based on the reaction between an antigen and a specific antibody.32 

 

As mentioned above, periodontal disease (PD) and coronary artery disease 

(CAD) are both common illnesses in people around the world. Although they are 

completely independent diseases, it has been scientifically proven that they have a 

relationship between them, mainly the inflammatory process of their pathophysiology 

(Fig 4). It has also been proven that periodontal diseases potentiate coronary diseases 

11 The destruction of tissues, both in periodontitis and in coronary diseases, is reflected 

in an imbalance of MMPs and TIMPs 33  

 

Given the role of MMPs and TIMPs in the breakdown of proteins in the 

extracellular matrix, both in coronary diseases and in periodontitis, it is prudent to study 

these molecular enzymes. Therefore, this work aims to find a relationship between 

Fig 4. Schematic representation 
showing the relationship between 
Periodontal Disease and Coronary 
Artery Disease. Reference: (1) The 
presence of several pathogens of the 
biofilm in the oral cavity could lead to 
gingival epithelium inflammation and 
the release of biomolecules crucial for 
inflammation, immune response, and 
tissue destruction into saliva and blood 
stream. These molecules are 
interleukins (ILs), prostaglandin E2 
(PGE2), tumor necrosis factor alpha 
(TNF-α). Furthermore, the continued 
inflammatory process induces alveolar 
bone resorption and degradation of 
ligament tissue by metalloproteases 
(MMPs). (2) At a chronic stage, oral 
pathogenic dissemination into the 
bloodstream could lead to the onset of 
coronary artery disease. Also, the 
rupture of atherosclerosis plaque and 
to the destruction of myocardial tissue 
is promoted by MMPs (eg. MMP9). 
Reference: Own Elaboration 
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these biomarkers present in patients with periodontitis, both in saliva and blood, to 

assess if could be used also as a diagnostic method of coronary artery diseases in the 

dental clinic.  

 

1. Objectives 

 
 

2.1 General Objective 

Review scientific data supporting the use of molecular oral biomarkers, in saliva 

and serum, as a diagnostic tool of coronary artery disease in patients with periodontitis.  

 

2.2 Specific Objectives 

• Review scientific data that support the value of MMP-8, MMP-9 and TIMP1 as 

diagnostic biomarkers in both coronary disease and periodontitis. 

• Review the utility of MMP-8, MMP-9 and TIMP1 in saliva as a diagnostic marker 

of coronary disease in patients with periodontitis. 

 

2. Methodology 

PubMed, in advanced search and Wiley Online Library were used as databases 

for the compilation of articles for this study. The keywords included on the advanced 

search were the following: "biomarkers”, "periodontitis" and "coronary artery disease". 

 

The selected keywords were placed in the search as follows: "saliva and serum 

biomarkers" (anywhere), AND "periodontal disease" (anywhere) AND "coronary artery 

disease" (anywhere).  
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The advanced search revealed a total of 341 articles exposed in both platforms. 

Different inclusion criteria were used, such as the range of years of publication, and 

the language of publication.  A total of 19 articles were exhibited on the PubMed 

platform and a total of 129 articles were exhibited in the Wiley Online Library.  

 

Exclusion and inclusion criteria applied for the studies were the follow: 

1. English and Spanish language 

2. Last 10 years of publication 

 

The category "Dentistry" was included in the advanced search of the 129 articles 

in the Wiley Online Library, in order to exclude all those other documents where there 

was no relevance in dentistry. A total of 36 of the 129 articles presented were displayed 

after the filter was applied. 

 

The use of information from other sources like Google scholar and Government 

websites were used for specific data. 

 

A total of 34 articles, were read and analyzed, to provide data and information 

for this study bibliographic research. Additional manually selected articles were 

included following the eligibility criteria. The use of information from other sources like 

Google scholar and Government websites were used for specific data. However, only 

8 studies were examined in the result section of the study.  
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4. Results 

 Since periodontitis and coronary artery disease are related and most frequent 

diagnosed at advanced stage, finding biomarkers for early diagnosis of these 

pathologies is of tremendous importance to increase the probability of recovery and 

success and reduce mortality and improve quality of life of patients affected for both 

diseases. Research studies have been developed to identify different types of 

biomarkers. In this study, we discuss and describe general characteristics of known 

biomarkers, such as MMP-8, MMP-9 and TIMP-1 in periodontal disease and coronary 

artery disease, or in patients suffering both diseases; with the idea of discussing the 

utility of these biomarkers in the diagnosis of these pathologies. In Table 1, all the 

investigated diagnostic biomarkers with brief additional information are presented. 

More details about techniques and its detection of biomarkers are provided Table 2.  

 

4.1 Type and number of studies reviewed 

 Most of the studies used for obtaining the results are of experimental type, 

specifically case control and cohort studies. In contrast, 2 studies followed a 

bibliographic and systemic review of the different MMPs. In Table 1, the different 

studies with specific details are stated.
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Table 1. Global Review of articles reviewed in this work. Reference: Own Elaboration  
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Few studies describe the levels of MMPs in both periodontal and cardiovascular 

disease, for this reason we expand the analysis, including studies that quantify MMPs 

in periodontal disease (3 studies) and separately for MMPs in coronary artery disease 

(1 study), and both diseases together (4 studies).  

 

Finally, few studies that focused on groups of all categories, patients with and 

without periodontal disease and patients with and without cardiovascular disease, were 

analyzed.  The total number of participants exceeds 550 participants, which results in 

a large group of total participants, demonstrating that although the number of studies 

is small, the sample of participating individuals is significant. The number of 

participants and their characteristics in these studies are shown in Table 1. 

 

Relevant information from each study is shown in Table 1, including population, 

stage of the diseases and other information that can be considered important of each 

study.   

 

4.2 Biomarkers analyzed 

 The biomarkers analyzed on this bibliographic study where MMP8, MMP9 and 

TIMP-1, specifically. Different studies used different techniques for the detection of 

these biomarkers in different body fluids; saliva, serum and GCF (see Table 2). 

 

• MMP8: stands for metalloproteinase-8. In all studies, the detection technique 

used was IFMA for the capture of this MMPs in both serum and saliva. However, 
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for the detection in GCF, some studies preferred the used of ELISA. The 

detection limit was between 0.05-0.08ng/ml 

• MMP9: stands for metalloproteinase-9. In the studies reviewed, the use of 

ELISA was essential for the detection of MMP9 in both blood and saliva. No 

studies were analyzed for the detection of MMP9 in GCF. The detection limit 

was set to 0.05ng/ml 

• TIMP-1: stands for tissue inhibitor metalloproteinase 1. As for MMP9, the 

analysis for this biomarker was in charge of ELISA technique, for blood and 

saliva. No studies were analyzed for the detection of TIMP-1 in GCF. The 

detection limit for both serum and saliva was 0.08ng/ml  

 

 
 
 
 
 

Table 2. Biomarkers analyzed in different biological fluids and limit detection for each. Reference: Own elaboration 
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4.3 Biomarkers under study: expression levels in periodontitis and 

coronary artery disease. 

 As indicated above, various methods were used to analyze the levels of MMP8, 

MMP9 and TIMP-1 in different body fluids from patients suffering either periodontitis 

and/or coronary artery disease, showing that technically it is possible to quantify and 

detect the presence of these biomarkers in saliva and serum in patients with 

periodontitis and coronary artery disease (Table 3). 

 

However, there are some problems associated with its use the dental clinic. 

These mainly is due to the high complexity of these diseases under study and therefore 

the interpretation of data is difficult. Furthermore, factors such as age of the patient, 

diet, sex, if take medication, drugs, environment and lifestyle might interfere with the 

quantity of these biomarkers in biological fluids. In this study, we indicate the levels of 

biomarkers under study in different patients and in different pathological conditions to 

confirm the value of these biomarkers in the early diagnosis of periodontitis and 

coronary artery disease. To arrive at the results, all studies agreed on the same criteria 

considering a significant difference in expression levels when the p-value is less than 

0.005 (p= <0.005).



 22 

 

Table 3. Biomarkers results.  Reference: Own elaboration 
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4.3.1 MMP-8 levels in periodontitis and coronary artery disease. 

 MMP8 is the metalloproteinase with the highest level in periodontal diseases. 

MMP-8 in saliva is higher in patients with PD than in those without (p=<0.001)25 . MMP-

8 is also shown in GCF, where the levels are high in the site affected by periodontitis 

(p=<0.001)23. On the other hand, results show that the level of MMP-8 is reduced after 

a proper periodontal treatment, such as scaling and root planning (SRP). Tüter and al., 

show that SRP treatment with and without additional SDD therapy as doxycycline, 

shows a reduction of MMP-8 (p=<0.003 and p=<0.008 respectively)34. On the other 

hand, salivary MMP-8, in Nilminie Rathnayake and al study shows a significant 

difference between myocardial infarction (MI) and AMI patients (p=0.008) (Table 3). 

However, in most of the study it is reflected that MMP8 in saliva is not useful for the 

diagnosis of coronary heart disease.  

 

MMP8 in blood also shows an elevated level in patients with acute coronary 

syndrome (ACS) compared to those without the disease (p=<0.001)25 26. Nevertheless, 

it does not show significant results for the diagnosis of periodontitis.  

 

4.3.2 MMP-9 levels in periodontitis and coronary artery disease. 

 MMP9, like MMP8, shows a significant difference in saliva in periodontal 

patients compared to non-periodontal patients (p=<0.001)25. However, for the 

diagnosis of coronary artery disease, there was not a significant difference between 

AMI and non AMI through saliva20, as stated in Table 3. This is why, MMP9 in saliva is 

not useful for the diagnosis of coronary heart disease.  
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The authors when analyzing the biomarker MMP-9 in blood in patients with 

periodontitis, the results show no major difference between patients with and without 

heart disease. Serum MMP9 is shown to be insignificant for the diagnosis of ACS in 

patients with periodontitis. However the association of blood MMP-9 with ACS is 

considered significant (p=0.033). 25 Lahdentausta L et al, reflected results that show a 

significant difference between patients with non ACS and ACS, both, acute myocardial 

infarction (AMI) and  unstable angina pectoris (UAP)(p=<0.001 and p=<0.001 

respectively).30 Buduneli et al, came to the same finding, noting that MMP9 in serum 

is significantly higher in patients with AMI compared to the non-AMI group.26 (Table 3) 

 

4.3.3 TIMP-1 levels in periodontitis and coronary artery disease 

TIMP-1 is the only biomarker that is not able to differentiate in saliva between 

patients with periodontitis and patients without periodontal disease and patients 

without coronary heart disease. However, TIMP-1 shows a negative correlation with 

the inflammatory signs of periodontitis.35 Even though, saliva TIMP-1 is higher in 

patients with AMI with periodontitis than in non-AMI with periodontitis, it does not reach 

a significant difference (p=0.30).26 On the other hand, TIMP-1 in blood also does not 

distinguish patients with ACS from those with non-ACS25. (Table 3). 

 

5. Discussion. 

After an advanced search of different articles, for the purpose of this 

bibliographic research, different results were shown in a variety scientific. A number of 

studies have been conducted with the aim of finding a relationship between periodontal 

and cardiovascular diseases through saliva and serum biomarkers. Although there are 
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few studies that correlate both diseases, individual research of MMP8 and MM9 are 

found.  

 

The objective of many research studies for the detection of biomarkers of 

systemic diseases through saliva, are more and more frequent and of great interest in 

dentistry.  The use of saliva as a diagnostic fluid is of great value in research given that 

the saliva collection method is non-invasive and rapid technique. 36 

 

Salivary biomarkers MMP8, MMP9 and TIMP-1 change significantly between 

patients with periodontal disease and those without. MMP8, MMP9 show increased 

levels in patients with periodontitis, unlike TIMP-1, which shows a reduction.25 

 

A study conducted in Turkey, compared patients with and without periodontal 

diseases and patients who had suffered a myocardial infarction. For this purpose, both 

saliva and blood samples were recorded from a total of 92 patients. Of the total number 

of candidates 47 had suffered an MI (25 = gingivitis and 22 = periodontitis), 28 without 

a cardiac history (13 = gingivitis and 15 = periodontitis) and 17 individuals lacking both 

cardiac and periodontal diseases. The researchers' results were obtained after the 

detection and evaluation of the individual metalloproteinases with distinct laboratory 

techniques (ELISA and IFMA). MMP8 was clearly higher in patients without a cardiac 

history in all groups (gingivitis and periodontitis). This may demonstrate that salivary 

MMP8 is strongly present in periodontal diseases. 26 
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Controversial data have been showed in terms of expression levels of TIMP-1 

in saliva. Thus elevated saliva levels have been shown in both patients with periodontal 

diseases, with no difference between AMI and non-AMI. 26 These defers from previous 

studies, where levels of TIMP-1 decreases in the presence of a periodontal disease, 

giving a negative correlation with PD. 20 25 

 

Metalloproteinases 8, 9 and TIMP-1 are also found to be elevated in the serum, 

in patients with acute myocardial infarction (AMI) compared to non-AMI, in both 

periodontitis and gingivitis. Demonstrating that serum MMP8, MMP9 and TIMP-1 are 

associated with AMI independently of the oral condition.26 However some studies refer 

that  blood MMP8, MMP9 do not differ between patients with and without periodontal 

disease. These values are shown to be insignificant for the diagnosis of periodontal 

disease through blood, but they do demonstrate a clear relationship with acute 

coronary syndrome (ACS), except TIMP-1.25 

 

On the other hand, there are independent studies that demonstrate the 

importance of MMP9 and MMP8 in acute coronary syndrome (ACS). The levels of both 

biomarkers are significantly elevated in ACS groups compared to control groups. 

However, these levels are shown in patients in the acute phase of the disease. The 

levels decrease once the patient enters the recovery phase. Indicating that MMP9 can 

be used as an early stage diagnostic measure in blood of atherosclerosis plaque 

rupture.30 
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Investigators stated than in previous studies, authors such as Furuholm have 

shown that MMP8 levels increase the risk of periodontitis in patients with CHD 

compared to those without.26 MMP8 in blood is the metalloproteinase with the 

strongest association with ACS. 25 

 

MMP8 in active form may have a negative impact on oral health, specifically in 

the loss of attachment in periodontal disease.26 36 There are many studies about the 

risk of periodontitis for heart disease, but Furuhorm highlights the importance of 

investigating whether coronary heart disease is a risk factor for the development of 

periodontal disease. 26 

 

In the detection of periodontitis, both MMP8, MMP9 have the same diagnostic 

value. 25 Saliva MMP8 and MMP9 have a great diagnostic value in periodontal disease, 

due to its specificity and sensitivity. Both, MMP8 and MMP9 have a good sensitivity of 

76-90% and 70% respectively and a great specificity of 96 and 82%, respectively. 

However, MMP9 is hard to detect in salivary samples of control groups.37 This is 

referenced and justified by studies showing that MMP8 values are elevated in other 

oral fluids such as GCF.25 

 

Periodontal diseases can be reflected in oral fluids through biomarkers, mainly 

MMP8. Through IFMA and DentoAnalyzer, it has been shown that the detection of 

MMP8 at unstable sites with periodontal attachment loss is quite elevated. 22 
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This demonstrates that MMP8 is involved in the pathogenesis of PD. This 

metalloproteinase is considered to be the most promising biomarker to use as a 

complementary diagnostic tool alongside with traditional methods such as BOP, 

periodontal pocket, x-rays, etc.22 One important aspect to highlight is the fact that the 

concentration of biomarkers analyzed could be impacted by specific treatments. Thus 

elevated values of MMP8 decrease after non-surgical treatments such as scaling and 

root planning (SRP).25  In a study of 36 individuals with periodontal disease, the efficacy 

of a treatment and the reduction of MMP8 levels in saliva were evaluated. The total 

participants were divided into two completely randomized groups, both of which 

underwent SRP treatment. The first group, however, underwent placebo and the 

second group underwent into an SDD treatment. Both groups were evaluated after 

therapy, and a reduction of MMP8 was shown in both of the groups, but the individuals 

on SDD therapy showed a much better result.34 

 

Although MMP8 in saliva shows great value in the diagnosis of periodontal 

diseases, this metalloproteinase shows no difference in groups with and without AMI. 

This is refuted by several studies and justified by the time between saliva collection 

and AMI. There are also several factors, such as the medications that people with AMI 

are exposed to, which may also have an effect on MMP8, MMP9, which can be 

reflected as a limitation for results.20 Therefore, the effects of medications should be 

considered as a factor that influence the levels of biomarkers under study. Studies 

have shown an interaction between angiotensin converting enzyme inhibitor (ACEI) 

and statins that can interfere with the expression of MMP8 and MMP9 in saliva.20 

Statins have been shown to decrease both metalloproteinase levels in patients who 
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take statins compared to patients who do not.25 ACE inhibitors, on the other hand, 

decrease MMP9 levels in patients with acute or chronic coronary artery disease. 20 

 

6. Conclusions 

• The metalloproteinases, MMP8, MMP9 and the inhibitor TIMP-1 are biomarkers of 

great value in diagnostic methods for periodontitis and coronary heart disease 

individually. Biological sample selection is crucial, since biomarkers reviewed in this 

study and present in saliva can be used to diagnose periodontal diseases, and 

these biomarkers in blood are susceptible for the diagnosis of coronary heart 

disease. 

 

• Different techniques are available and easy to use for the detection of such 

biomarkers. However, the most common are ELISA and IFMA, given their high 

levels of sensitivity and specificity. Not differences in the limit of detection was 

observed for the biomarkers investigated in saliva and serum. 

 

• After the analysis of the literature, it can be concluded that periodontal diseases 

can be diagnosed by measuring the biomarker MMP-8 in saliva. In relation to the 

diagnosis of coronary artery disease, the biomarker of choice would be MMP-9 in 

serum. Nevertheless, after analyzing the results of the articles, it cannot be 

concluded that TIMP-1 can be used for the diagnosis of both diseases, more 

research on this biomarker is required. It is important to note that the levels of these 

biomarkers can be blurred by certain treatments and medications. This should be 
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taken into consideration when using these biomarkers as a diagnostic method for 

periodontal and coronary heart disease. 

 

• The use of biomarkers can assist health professionals, both dentists and 

cardiologists in the screening of both diseases. Although it is a topic of interest in 

the scientific community, much more research is needed to confirm and validate 

the diagnostic power of these biomarkers. 

 

7. Responsibility 

Coronary artery disease is a cardiovascular disease that affects the arteries of 

the heart, causing a deficiency of oxygenated blood pumping to the heart. Every year 

Coronary artery disease, represent the leading cause of cardiovascular mortality 

worldwide, claiming more than 4.5 million lives annually worldwide. On the other hand, 

periodontitis is also considered a highly prevalent disease, claiming around 40-50% of 

the world' s population, and up to 11.2% of them experience severe periodontitis. 

 

This project contributes to the identification of biomarkers that can be used in clinical 

dental practice in periodontal patients at high risk of coronary heart disease. With this 

strategy we are promoting a personalized preventive medicine that always tries to offer 

the best diagnostic alternative, associated with the clinical profile and the patient's own 

risk factors. This strategy favours an early detection of coronary heart disease in 

patients with periodontitis and reduces the economic cost of treatment by offering an 

early diagnosis in many cases, alleviating the patient's suffering and reducing the 

number of deaths.   
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