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INTRODUCTION 

Cardiovascular disease (CVD) refers to a group of 

conditions affecting the heart and blood arteries, 

including disease of coronary artery, 
cardiomyopathy, congenital heart disease, 

arrhythmias and heart failure. CVD is the primary 

cause of death worldwide, accounting for 18.6 

million deaths, which emphasizes the need for more 

sophisticated and easily available diagnostic tools.1,2 

The pathogenesis of CVD is multifactorial, involving 

complex  interactions between  genetic, 
environmental, and lifestyle factors.3 Traditional risk 

factors include  hypertension, hyperlipidemia, 

diabetes, smoking, and obesity, which contribute to 

the development of atherosclerosis and other 
cardiovascular conditions.4,5 Early detection and risk 

stratification are crucial for implementing preventive 
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               Abstract 

Cardiovascular disease (CVD) is the primary cause of mortality world wide, necessitating innovative diagnostic 

approaches due to the limitations of current tools. The growing significance of salivary exosomes as biomarkers 

for CVD detection and treatment is explored in this narrative review. Salivary diagnostics offer a non-invasive 
alternative, with exosomes-small extracellular vesicles containing proteins, lipids, and nucleic acids—serving as 

potential indicators of cardiovascular health. The review highlights how salivary exosomes reflect the 

physiological states of their parent cells and can indicate systemic inflammation, oxidative stress, and endothelial 

dysfunction, all critical factors in CVD progression. Furthermore, it discusses specific exosomal biomarkers 
linked to different cardiovascular diseases such as valvular heart disease, coronary artery disease, cardiac fibrosis, 

arrhythmias, and heart failure. By integrating salivary exosome analysis into clinical practice, there is potential for 

enhanced early detection, risk stratification, and monitoring of cardiovascular diseases, ultimately paving the way 
for more personalized treatment strategies. This exploration underscores the transformative potential of salivary 

exosomes in improving cardiovascular disease management and patient outcomes. 
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strategies and improving patient outcomes.2,3 

In recent years, the field of salivary 
diagnostics has gained momentum as a promising 

approach for detecting and monitoring various 

diseases, including CVD.6–8 Saliva, as a biological 
fluid, offers several advantages over traditional 

blood-based tests, such as ease of collection, non- 

invasive nature, and potential for frequent 

sampling.6,8 Within the salivary milieu, extracellular 
vesicles (EVs), particularly exosomes, have emerged 

as potential biomarkers for CVD. Exosomes are 

small extracellular vesicles released by multiple cell 
types, including those in the cardiovascular system, 

and they carry a cargo of nucleic acid , lipids and 

proteins that represent the physiological condition of 

their parent cells.9,10 The analysis of salivary 
exosomes offers a non-invasive method for obtaining 

valuable information about systemic health, 

including cardiovascular status. Studies have shown 
that specific molecular signatures within salivary 

exosomes can indicate the presence of cardiovascular 

risk factors, such as inflammation and oxidative 
stress, which are critical in the pathophysiology of 

CVD.10,11 

The integration of salivary exosome analysis 
into routine clinical practice could revolutionize the 

approach to cardiovascular disease management. By 
providing insights into the molecular mechanisms 

underlying CVD, salivary exosomes may aid in early 

diagnosis, risk stratification, and monitoring of 
disease progression.9,10 Furthermore, the ease of 

saliva collection compared to blood draws enhances 

patient compliance and facilitates frequent 

monitoring. 
This review serves to highlight the 

importance of salivary exosomes in the context of 

cardiovascular disease, emphasizing their potential to 
transform current diagnostic practices. By exploring 

the biochemical composition and functional 

implications of salivary exosomes, we aim to 

contribute to the growing body of knowledge that 
supports their use as reliable biomarkers. 

Exosomes 
The word "exosomes" was initially used by 

Johnstone et al.,12 and Pan et al.13 who found 

exosomes in sheep reticulocytes. Exosomes are tiny 

extracellular vesicles that are essential for 
communication between the cells and are generated 

through a specific biogenesis process. Early-sorting 

endosomes (ESEs) are produced when the plasma 
membrane invaginates inward, which is the first step 

in the synthesis of exosomes.14 These ESEs can 

mature into late-sorting endosomes (LSEs) and 

ultimately develop into multivesicular bodies 
(MVBs), which contain intraluminal vesicles (ILVs). 

The MVBs can either fuse with lysosomes for 

degradation or merge with the plasma membrane to 
release the ILVs as exosomes, typically ranging from 

40 to 160 nm in diameter.14,15 These tiny vesicles, 

which typically have a density of 1.10 to 1.19 g/mL, 

are made up of proteins, lipids, messenger RNA 
(mRNA), microRNA (miRNA) circular RNA 

(circRNA), long non-coding RNA (lncRNA), and 

DNA.16,17 They are encased in a lipid bilayer. 
Numerous cell types, including B lymphocytes, 

platelets, glial cells, dendritic cells, mast cells, 

adipocytes, endothelial cells, smooth muscle cells, 

and stem cells, can create exosomes. It's interesting 
to note that some microbes can also produce 

exosomes, which increases their biological 

relevance.10 

Exosomes function in intercellular 

communication has drawn a lot of interest, especially 
when it comes to disease processes. They are 

involved in a number of pathological and 

physiological processes, such as tissue healing, tumor 
growth, and immunological responses.10,12,17 

Exosomes help move bioactive molecules from one 

cell to another, changing the behavior of the 

receiving cell and assisting in the control of 
inflammation and immunological responses. Because 

of their ability to mirror the chemical changes in their 

parent cells in response to a variety of stimuli, 
including disease conditions, exosomes are 

promising candidates for biomarker identification 

and therapeutic applications.10,16,17 

Exosomes and CVD 

The molecular content of exosomes represent 

the pathological and physiological states of their 
parent cells, making them potential indicators of 

oxidative stress, endothelial dysfunction and 

systemic inflammation—key factors in the 

development and progression of CVD.10,17 Exosomes 

play a crucial role in cardiovascular signal 

transduction, serving as effective disseminators of 
biological signals related to myocardial function. 

These nano-sized extracellular vesicles mediate local 

communication in the heart through crosstalk 

between different cell types, such as cardiac 
fibroblasts, endothelial cells and cardiomyocytes. 
17Exosomes secreted by these cells can influence the 

same cells that release them (autocrine signaling) or 
target other cell types (paracrine signaling). 

Additionally, exosomes facilitate remote 

communication, enabling functional crosstalk 

between the heart and other organs like the kidneys, 
brain, and bone marrow. This exchange of proteins, 

lipids, and nucleic acids through exosomes regulates 

transcription and post-transcriptional processes in 
target cells, contributing to the maintenance of 

cardiac function under normal and pathological 

conditions.17 
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Exosomes derived from various cardiac cell 
types exhibit distinct functions. Cardiomyocyte- 

derived exosomes regulate angiogenesis and cardiac 

hypertrophy through the transfer of specific 

miRNAs, such as miR-222, miR-143, and miR-217. 
Cardiac fibroblast-derived exosomes induce 

cardiomyocyte hypertrophy by delivering miR-21-3p 

and promoting the production of angiotensin II.18,19 
Endothelial cell-derived exosomes play a crucial role 

in regulating endothelial senescence, angiogenesis, 

and cardiomyocyte resistance to ischemia/reperfusion 

injury. These exosomes modulate various signaling 
pathways, including ERK1/2 MAPK and the 

inhibition of autophagy and glucose metabolism in 

cardiomyocytes. 20,21Circulating exosomes also 
contribute to cardiovascular signal transduction, 

carrying bioactive molecules like angiotensin II 

receptors and miRNAs.17 Exosomes derived from 
cardiomyocytes can be detected in the circulation and 

mediate functional crosstalk between the bone 

marrow and ischemic heart. These circulating 

exosomes regulate the number of progenitor cells and 
facilitate systemic responses to cardiac injury. 

Additionally, exosomes from patients with 

myocardial ischemia initiate angiogenesis through 
the miR-939-iNOS-NO pathway. 22The ability of 

exosomes to modulate various aspects of 

cardiovascular pathophysiology highlights their 
potential as biomarkers and therapeutic targets for 

cardiovascular diseases. 

Exosomes facilitate intercellular 

communication by transferring their cargo to 

recipient cells. This transfer can have both beneficial 
and detrimental effects. In the context of CVD, 

exosomes from injured or stressed cells may transfer 

harmful molecules that promote inflammation, 
apoptosis, and fibrosis in neighboring cells. 

Conversely, exosomes from healthy or therapeutic 

cells can carry molecules that counteract these 
pathological processes. 

Salivary exosomes with cardiovascular disease 

biomarkers 

Cardiovascular exosomes are extracellular vesicles 

formed in cardiovascular cells, such as endothelial 
cells and cardiomyocytes.15 Salivary exosomes are 

derived primarily from salivary glands and contain a 

rich array of bioactive molecules. Their composition 
can change in response to pathological conditions, 

making them promising candidates for biomarker 

discovery. 

 

 

Figure1. Release of cardiovascular exosomes in 

saliva 

Salivary exosomes, originating from cardiovascular 

cells, undergo a multi-step formation and transfer 
process. Cardiovascular cells, including 

cardiomyocytes and endothelial cells, first create 

exosomes by budding the plasma membrane inward 

to create early endosomes. These endosomes then 
develop into multivesicular bodies (MVBs) that 

contain intraluminal vesicles (ILVs). These MVBs 

then fuse with the plasma membrane, releasing ILVs 
as exosomes into the extracellular space.10,11,15 The 

exosomes enter the bloodstream and circulate 

systemically. Notably, extracellular vesicles are 
known for their ability to traverse epithelial barriers, 

such as the blood-brain barrier, through a process 

called transcytosis.23,24 This capability facilitates the 

movement of RNAs and other cargo from the blood 
into saliva. In the salivary glands, cardiovascular 

exosomes are taken up by glandular cells from the 

blood, incorporated into saliva, as these cells release 
the exosomes into the salivary ducts, thus becoming 

part of the saliva. As a result, salivary exosomes 

contain cardiovascular biomarkers that can be 

detected and analyzed for diagnostic purposes(Figure 
1). 

As we explore the potential of exosomal 

biomarkers, it becomes clear that their application in 

cardiovascular diseases is both promising and 
transformative. So far, we have examined the link 

between exosomes, cardiovascular diseases (CVD), 

and salivary exosomes, including their production 

mechanisms. Now, we will focus on the various 
exosomal biomarkers identified for diagnosing 

different cardiovascular conditions. Notably, many of 

these biomarkers can also be found in saliva, 
positioning them as promising candidates for non- 

invasive diagnostics. This emerging field holds 

significant potential for early detection and 

monitoring of cardiovascular diseases, enhancing our 
ability to provide tailored therapeutic approaches. 
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Coronary artery disease (CAD) 

Coronary artery disease (CAD) is a significant public 
health issue defined by the narrowing or blockage of 

coronary arteries due to atherosclerosis.25,26 Ischemic 

heart diseases are a group of diseases characterized 

by reduced blood flow to the heart due to obstruction 
of coronary vessels by atherosclerotic plaque 

formation. Hence ischemic heart diseases and 

coronary artery diseases are two terminologies which 
go hand in hand.27 This condition can lead to various 

clinical manifestations, including myocardial 

infarction (MI), ustable angina, stable angina, and 
sudden cardiac death. CAD is commonly classified 

into acute coronary syndrome (ACS) and stable CAD 

(SCAD) based on the severity and clinical 

characteristics. 

Exosomal Biomarkers in CAD Diagnosis 

 

1. Growth Arrest-Specific 5 (GAS5): In the 

context of atherosclerosis, exosomal lncRNA 

GAS5 plays a regulatory role in the death of 
macrophages and vascular endothelial cells, 

indicating its potential as a CAD 

biomarker.28 

2. SOCS2-AS1: Liang et al.25 identified that 

exosomal SOCS2-AS1 levels are 

downregulated in CAD patients. This 
lncRNA may serve as a specific indicator for 

CAD. 

3. miR-126, miR-21, and PTEN: Ling et al.26 
demonstrated distinct differences in the 

levels of these exosomal biomarkers in ACS 

patients compared to healthy individuals. 

miR-21 was found to be downregulated, 
while miR-126 and PTEN were upregulated, 

suggesting their roles as specific serum 

markers for ACS . 
4. miR-208a: Bi et al.29 reported that exosomal 

miR-208a levels are elevated in ACS 

patients, highlighting its potential as both a 
diagnostic and prognostic marker for ACS 

5. miR-146a: Li et al.30 found that the levels of 

exosomal miR-146a were raised in ACS 

patients, suggesting its utility as a novel 
diagnostic biomarker and its involvement in 

inflammatory responses . It also regulates 

autophagy in hypoxic cardiomyocytes, 

reducing apoptosis and fibrosis.31,32 

6. Cysteine-Rich Protein 61 (Cyr61): 
Increased exosomal Cyr61 levels in plasma 
were linked to ACS, indicating its potential 
use for diagnosis and prognosis in ACS 
patients .33 

7. miR-942-5p, miR-32-5p, and miR-149-5p: 

These exosomal miRNAs were found to be 

significantly elevated in SCAD patients, 
suggesting their potential as novel diagnostic 

and prognostic indicators.34 

8. miR-19a: Research demonstrated that miR- 
19a can reduce oxidative stress-induced 

apoptosis in myocardial ischemia- 

reperfusion injury, making it a potential 

therapeutic target for CAD.35 
9. miR-210: Huang et al.36 highlighted that 

exosomal miR-210, upregulated by hypoxia- 

inducible factor 1 (HIF-1), enhances cardiac 
progenitor cells' tolerance to oxidative stress, 

suggesting its therapeutic potential for CAD. 

10. miR-133a: This miRNA, abundant in the 

heart, has shown to improve cardiac function 
in myocardial infarction models, indicating 

its role as a CAD biomarker.37 

11. miR-25-3p: It reduces myocardial cell 
apoptosis and inflammation. The miRNA 

promote cell survival and vascularization, 

which are crucial for heart recovery. Elevated 

levels of this miRNA in circulation can 
indicate ischemic stress and ongoing 

cardioprotection, making them potential 

biomarkers for early diagnosis of MI.38 

 

These studies illustrate the diverse roles of exosomal 

biomarkers in diagnosing and managing CAD, 

reflecting their potential to enhance our 
understanding and treatment of this prevalent 

cardiovascular condition. 

Cardiomyopathy 

Cardiomyopathy is a disease that affects the heart 

muscle, causing it to become enlarged, thick, or rigid. 

This can make it harder for the heart to pump blood 
effectively, leading to heart failure and other 

complications. There are several types of 

cardiomyopathy, including Diabetic cardiomyopathy 
(DCM) , uremic cardiomyopathy (UCM), dilated, 

acute peripartum cardiomyopathy (PPCM)and septic. 
39 

 

1. miR-1, miR-208, and miR-499: These are 

associated with myocardial injury and serve as 

potential diagnostic indicators for diabetic 
cardiomyopathy (DCM). They regulate cardiac 

muscle function and influence apoptosis and 

hypertrophy in cardiomyocytes.39 

2. miR-19b-3p and miR-181b-5p: These 

influence cellular stress responses and apoptosis 

in cardiomyocytes, providing insights into 

cardiac health. They positively correlate with 
myocardial status, used for diagnosis and 

prognosis of DCM.40 
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3. miR-126 and miR-320: These enhances 
endothelial function and angiogenesis. Also 

inhibits angiogenesis and impacts cardiac 

function, reflecting changes in cardiac health and 

are increased in patients with DCM, serving as a 
diagnostic markers. 41 

4. miR-26a and miR-155: These are linked to 

muscle preservation and mediating 
cardiomyocyte pyroptosis in UCM. The miR-26a 

inhibits muscle wasting and improves insulin 

sensitivity. miR-155 regulates inflammatory 
responses and cell death in cardiomyocytes, 

influencing UCM progression.41 

5. miR-122 and miR-29a: These are associated 

with mitochondrial function and cardiac 
parameters in obesity-related cardiomyopathy. 

miR-122 regulates mitochondrial protein 

function, impacting cardiac remodeling. miR-29a 

is involved in the regulation of extracellular 
matrix and fibrosis, combating obesity-mediated 

cardiac dysfunction.42 

6. miR-30, miR-21, miR-133a, miR-29, and 

miR-26: These are being linked to Dialated 

cardiomyopathy and are associated with collagen 
production markers and factors that control 

fibrosis. They regulate the MMPs/TIMPs system 

involved in extracellular matrix metabolism and 
fibrosis.43 

7. miR-146a: It is induced by the 16-kDa 

prolactin fragment (16K PRL) through NF-κB 

activation, leading to inhibition of angiogenesis. 
It promotes the release of miR-146a-enriched 

exosomes from endothelial cells (ECs), which 

can be taken up by cardiomyocytes, resulting in 
decreased levels of downstream factors like 

Notch1, Erbb4, and Irak1, thus affecting cellular 

mitogenesis and differentiation. Higher plasma 

levels of exosomal miR-146a are observed in 
PPCM patients. 44 

 

8. miR-223: Implicated in cardioprotection 
during sepsis, its levels are reduced in sepsis 

patients compared to healthy controls and in 

non-surviving versus surviving patients. It 
downregulates Sema3A and Stat3 through 

MSC-derived exosomes, leading to reduced 

macrophage inflammation and cardiomyocyte 
cell death.45 Regulates pro-inflammatory 

markers such as IL-6, IL-1β, and ICAM-1. The 

decreased levels of miR-223 can result in 

increased expression of these inflammatory 
proteins, contributing to myocardial 

depression.46 

Cardiac fibrosis 

 

The pathological condition known as cardiac fibrosis 
is typified by an overabundance of extracellular 

matrix (ECM) components accumulating in the heart, 

mostly due to fibroblast activation. It is a medical 

condition that causes changes in the heart structure 
and compliance , which can eventually result in 

cardiac failure and death.47 

1. miR-155: These are prevalent in exosomes 

generated from macrophages and, by 
encouraging aberrant fibroblast proliferation 

and differentiation, can exacerbate 

inflammation and cardiac fibrosis.48 

2. miRNA-425: Circulating exosomal miRNA- 

425 was discovered by Wang et al.49 as a 
new biomarker that can forecast the 

development of cardiac fibrosis and heart 

dysfunction in heart failure patients. 

3. miRNA-744: Alongside miRNA-425, Wang 
et al.49 also reported that miRNA-744 

functions as a biomarker for cardiac fibrosis 

progression in heart failure patients. 
4. HSP70: Yang et al.50 discovered that HSP70 

on the surface of serum exosomes is linked 

to cardiac fibrosis and negatively correlated 

with age, indicating that it may be a useful 
target for diagnosing myocardial fibrosis 

associated with aging. 

5. miR-208a: Following myocardial infarction, 
it is increased in rat cardiomyocytes and 

transported to fibroblasts through exosomes, 

resulting in cardiac fibrosis and fibroblast 
proliferation. This pro-fibrotic effect could 

be reversed by a miR-208a antagonist.50 

6. miR-217: Cardiomyocyte-derived miR-217 

delivered by exosomes exacerbated pressure 
overload-induced myocardial fibrosis and 

cardiac dysfunction.18 

7. miR-92a-3p: Liu et al.51 discovered that 
miR-92a-3p in exosomes generated from 

endothelial cells is associated with 

atherogenesis, suggesting its involvement in 
the mechanisms of cardiovascular disease. 

8. miR-21: Mice with myocardial infarcts 

showed enhanced cardiac function and less 

scarring when miR-21-rich exosomes were 

directly injected into the region. 
Nevertheless, the capacity of exosomes 

produced from heart failure patients' cardiac 

stromal cells to stimulate endothelial tube 
formation and cardiomyocyte proliferation 

was hampered by dysregulated miR-21-5p 

expression.52,53 

81



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 2 

Arthisri Anandhi Sekar, Vishnu Priya Veeraraghava. et al.Unveiling the Potential of Salivary Exosomal 

Biomarkers in Cardiovascular Disease: Insights and Future Directions. 

Bulletin of Stomatology and Maxillofacial Surgery. 2025;21(2).77-87:doi: 10.58240/1829006X-2025.2-77 
 

 

 

 

9. miR-142-3p: By activating myofibroblasts 
via miR-142-3p-WNT signaling, exosomes 

from activated CD4+ T cells accelerated 

post-ischemic cardiac fibrosis.54 

10. HIF-1α: Sun et al.55 demonstrated that by 
encouraging the development of new blood 

vessels during myocardial infarction, 

overexpression of HIF-1α in exosomes 

derived from mesenchymal stem cells 
decreased heart fibrosis. 

11. miR-30d: Li et al.56 showed that negative 

cardiac remodeling and elevated expression 
of genes linked to inflammation and fibrosis 

are correlated with decreased expression of 

miR-30d in heart-derived exosomes. 

12. miR-30d: It targets integrin α5 in fibroblasts 

through a paracrine mechanism, preventing 
fibroblast proliferation and fibrosis, and is 

increased in cardiomyocytes in ischemic 

heart failure models in rats and mice.56 

 

These miRNAs have been identified as potential 

exosomal biomarkers that modulate fibroblast 

proliferation, differentiation, and cardiac fibrosis. 
Targeting these miRNAs in exosomes may help 

diminish fibrosis and ameliorate cardiac function. 

 

Valvular heart disease (VHD) 

 

Valvular heart disease (VHD) is associated with 

significant anatomical and functional abnormalities 

of cardiac valves, leading to conditions such as 
stenosis and regurgitation. Recent studies have 

identified specific microRNAs (miRNAs) that play 

crucial roles in the pathogenesis of VHD and may 
serve as biomarkers for diagnosis: 

 

1. miR-23: Acts as a negative feedback 

regulator of hyaluronic acid synthase 2 

(Has2), preventing excess deposition of 
hyaluronan in cardiac jelly, which is crucial 

for cardiac valve formation. Aberrant 

regulation of miR-23 can lead to cardiac 

valve defects.57 
2. miR-9: Involved in the regulation of 

cardiomyocyte energetics and fibrosis, 

associated with the progression of 

myxomatous mitral valve disease and 
congestive heart failure.58 

3. miR-181c: Similar to miR-9, it regulates 

cardiomyocyte energetics and is linked to 

valve disorder progression and heart 

failure.58 

4. miR-495: Associated with mitochondrial 

function and involved in the regulation of 

fibrotic processes in valve diseases.58 

6. miR-599: Also involved in cardiomyocyte 
energetics and linked to the pathophysiology 

of valvular heart disease and heart failure.58 

7. lncRNA HOTAIR: Modulates calcification- 
related gene expression in valvular smooth 

muscle cells (VSMCs) during aortic valve 

disease, influencing the progression of 

calcification.59 

 

Heart failure 

Heart failure (HF) is a is a complex disorder 

characterized by the heart's inability to pump enough 
blood to meet the body's demands, resulting in a 

variety of systemic consequences. Recent research 

has highlighted the potential of specific microRNAs 
(miRNAs) as biomarkers for diagnosing HF.60 Here 

are some key miRNAs associated with heart failure, 

along with their functions and relevant studies: 

1. CD14, SerpinG1, SerpinF2: These are 

systemic vascular markers associated with 

the development of heart failure (HF) in 
patients suspected of acute HF.61 

2. miR-146a: Increased levels are associated 

with the attenuation of inflammatory targets 

and provide cardioprotective effects against 
oxidative stress in HF patients.62 

3. miR-486: Similar to miR-146a, it plays a 

role in mitigating inflammation and 

protecting against oxidative stress in HF.62 
4. miR-155: Activated in response to TGF-β 

treatment, associated with hypertrophic 

responses in cardiomyocytes.63 
5. miR-21: Promotes cardiac hypertrophy 

through paracrine signaling; regulates key 

pathways linked to hypertrophy and fibrosis 

in cardiomyocytes.64,65 
6. miR-21-3p (miR-21): Acts as a paracrine 

mediator of cardiomyocyte hypertrophy, 

targeting pathways that lead to cardiac 
enlargement and dysfunction.64 

7. miR-214, miR-135b, miR-125a, miR-145- 

5p: Involved in angiogenesis by upregulating 
or downregulating target gene expression in 

endothelial cells (ECs).66–71 

CONCLUSION 

To conclude, while exosomes are key components 

that have been extensively studied in relation to 

cardiovascular diseases (CVDs), it is vital to also 

focus on the salivary assessment of these exosomes. 
Salivary exosomes provide a non-invasive method 

for monitoring and diagnosing CVDs, carrying a 

diverse array of biomarkers that reflect 
cardiovascular health. Their ability to transport 

specific indicators associated with conditions such as 
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coronary artery disease and heart failure positions 
them as valuable tools for early detection and 

personalized treatment approaches. 

Among the various contents of exosomes, 
microRNAs (miRNAs) are increasingly recognized 

for their roles in CVD. These small RNA molecules 

are essential for regulating gene expression and are 

linked to numerous cardiovascular processes. 
Therefore, research should emphasize the evaluation 

of salivary miRNAs to fully harness their potential as 

biomarkers. By integrating salivary miRNA analysis 
into clinical practice, we could significantly enhance 

our understanding and management of cardiovascular 

diseases, underscoring the need for further 
exploration in this promising area. 
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