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Abstract

Cardiovascular diseases (CVD) are the leading cause of morbidity and mortality in the world. Although considerable progress has 

been made in the diagnosis, treatment and prognosis of CVD, there is still a critical need for novel diagnostic biomarkers and 

new therapeutic interventions to decrease the incidence of this disease. Recently, there is increasing evidence that circulating 

miRNAs (miRNAs), i.e. endogenous, stable, single-stranded, short, non-coding RNAs, can be used as diagnostic biomarkers for CVD. 

Furthermore, miRNAs represent potential novel therapeutic targets for several cardiovascular disorders. In this review we provides an 

overview of the effects of several CVD; including heart failure, acute myocardial infarction, arrhythmias and pulmonary hypertension; 

on levels of circulating miRNAs. In addition, the use of miRNA as therapeutic targets is also discussed, as well as challenges and 

recommendations in their use in the diagnosis of CVD.
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Introduction
Cardiovascular disease (CVD) is one of the leading causes 

of death in the world, especially in developed countries. 

As such, there is an urgent need to identify new prognostic 

and diagnostic biomarkers for the prevention and treatment 

of CVD. With the advance of precision medicine and next 

generation sequencing, microRNAs (miRNAs) have become 

potential markers for this disease. miRNAs are endogenous, 

conserved, single-stranded, small (~22 nucleotides) non-coding 

RNAs that influence most, if not all biological processes. 

miRNAs are critical regulators of cardiovascular function and 

play important roles in almost all aspects of cardiovascular 

biology[1-4]. This review provides an overview of the biology, 

therapeutic and diagnostic potential, as well as the limitations 

of miRNAs in the diagnosis and treatment of CVD.

Basic biology and stability of circulating miRNAs
The first miRNA, lin-4, was discovered in C elegans in 1993. 

Lin-4 regulates C elegans development by binding to the lin-

14 mRNA to inhibit LIN-14 protein expression[5, 6]. miRNAs 

regulate gene expression at the post-transcriptional level by 

binding to 3’- untranslated regions of target mRNAs[7]. An 

individual miRNA can target several to hundreds of distinct 

mRNAs[8]. miRNAs inhibit translation and/or induce degrada-

tion of its target mRNA, depending on the degree of comple-

mentarity, and the number and the accessibility of the binding 

sites[9]. The greater the complementarity between the miRNA 

and its target(s), the more likely the miRNA will promote deg-

radation[10].

It is estimated that the human genome encodes approxi-

mately 1000 miRNAs. Among them, more than 100 have been 

identified in sera from healthy subjects and are designated 

circulating miRNAs[11]. Unlike intracellular mRNAs, circu-

lating miRNAs show remarkable stability and resistance to 

degradation by endogenous RNase activity[12, 13]. The majority 

of the circulating miRNAs are derived from blood cells with 

others from various tissues such as heart, lung, liver and kid-

ney[14, 15]. It has been proposed that circulating miRNAs reside 
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in microvesicles including exosomes, microparticles and 

apoptotic bodies, which may provide protection from RNase 

activity and account for the shedding of miRNAs into the cir-

culation (Figure 1)[14]. The stability of circulating miRNAs has 

stimulated interest in their use as biomarkers for the diagnosis 

and prognosis of various diseases including CVD.

miRNAs in the diagnosis and prognosis of cardiovascular 

disease
Heart failure

Heart failure (HF) is a clinical diagnosis when the heart fails 

-

bolic requirements[16]. It is one of the major causes of mortality 

in the US, responsible for ~30% of patient deaths annually[17]. 

Heart failure is the final manifestation of CVD and cardiac 

injury, as well as less common but important etiologies includ-

ing cardiomyopathies, valvular heart disease, prolonged 

arrhythmias, myocarditis, infections and exposure to cardio-

toxic drugs[18]. Circulating miRNAs have been identified as 

potential biomarkers of HF. Mounting evidence suggests that 

miRNAs are involved in the development and progression of 

HF.

Changes, both increases and decreases in the levels of 

almost 30 circulating miRNAs have been associated with HF 

and comorbid pathologies (Table 1, Figure 2). Declining lev-

els of circulating miRNAs, including miR-18a, miR-27a, miR-

30e, miR-26b, miR-199a, miR-106a and miR-652, are found in 

patients with HF. Reductions in circulating miRNAs let-7i, 

miR-18b, miR-18a, miR-223, miR-301a, miR-652 and miR-423 

have been reported within 48 h after acute HF admission, and 

are associated with an increased risk of 180-day mortality[19]. 

miR-21 is upregulated and miR-1 downregulated in patients 

with symptomatic HF. Additionally, miR-1 levels decrease 

with the severity of New York Heart Association Class, and is 

Figure 1.  Biogenesis of circulating miRNAs. miRNAs are transcribed in the nucleus as pri-miRNAs with 5’-caps and 3’-polyA tails. Drosha removes the 

cap and polyA tail to generate pre- miRNAs, which are exported from the nucleus via Exportin 5. In the cytoplasm Dicer processes the pre-miRNA to 

mature miRNAs. Pre-miRNA and mature miRNA can (a) bind to RNA-binding proteins to be directly excreted from the cell, (b) packaged into microvesicles 

or (c) packed into exosomes and multi-vesicular bodies where the exosomes are then released. Pre-miRNA and mature miRNAs are taken into the 

bloodstream by endocytosis, binding to receptors or via membrane fusion.
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inversely related to the N-terminal pro-brain natriuretic pep-

tide concentration in patients in Class II/III[20]. There is also 

increasing evidence that miR-210 levels are positively corre-

with improved HF, as represented by reduced B-type natri-

uretic peptide (BNP), show decreased levels of plasma miR-

210[21]. miR-126 and miR-423 levels are low in HF patients, 

with lower levels of miR-423 predicting >1-year mortality[22-24]. 

In two independent cohorts of 2203 total subjects, miR-1254 

and miR-1306 were associated with increased risk of death and 

hospitalization in chronic HF patients[25]. Additionally, circu-

lating miR-1306 was positively associated with adverse clinical 

outcome in acute HF patients[26]. Increased levels of miR-208b 

and miR-499 are strongly associated with increased risk of HF 

or death. 

The diagnostic performance of BNP was improved when 

used in combination with circulating miR-30c, miR-221, miR-

328, miR-146a or miR-375, alone or as part of a diagnostic 

panel. Additionally, combinations of two or more miRNAs 

with BNP was able to significantly improve the predictive 

value of models to distinguish HF with preserved ejection 

fraction from HF with reduced ejection fraction compared to 

using BNP alone[27]. 

Medical interventions are also associated with changes in 

miRNA levels. Compared to stable HF patients, individu-

als with advanced HF with left ventricular (LV) assist device 

miRNAs; miR-208b, miR-208a and miR-499; and myomirs 

miR-1 and miR-133b[28]. miR-208b and miR-499 are released 

in the coronary sinus after cardioplegia and reperfusion to 

markedly higher levels than that present prior to surgery[29]. A 

prospective, non-randomized self-control trial was performed 

with 81 HF and dyssynchrony patients to determine if LV 

reverse remodeling after cardiac resynchronization therapy 

was associated with changes in circulating miRNAs. Respond-

ing subjects had higher levels of circulating miR-26b, miR-145, 

miR-92a, miR-30e and miR-29a, compared to non-respond-

ers[30]. Similar to miR-1306, baseline levels of circulating miR-

30d was associated with LV remodeling in response to cardiac 

resynchronization therapy in advanced chronic HF patients, as 

well as a 1-year all-cause mortality in acute HF patients[31, 32]. 

Combined these observations identify several miRNAs as 

potential candidates that could be used as diagnostic biomark-

ers for HF to provide valuable clinical information. Addition-

ally, they may be important tools in monitoring the progress 

of therapeutic interventions. Additional studies will be needed 

to validate any candidate, as described below under Chal-

lenges (Figure 2).

Acute myocardial infarction

Acute myocardial infarction (AMI), a major cause of morbid-

ity and mortality in humans, is the result of coronary artery 

occlusion leading to myocardial tissue damage[33]. Myocardial 

remodeling after an AMI; heart chamber dilation and ventric-

cells and tissue[34]. Although percutaneous coronary interven-

tion and surgical revascularization have improved clinical out-

comes of AMI, ischemia/reperfusion injury induced during 

the revascularization procedure can produce clinical complica-

tions leading to additional cardiac injury[35, 36]. 

Changes in the levels of circulating miRNAs have been 

reported in AMI patients with ischemia-related HF, including 

increases in miR-1, miR-133, miR-21, miR-29b, miR-192, miR-

194, miR-34a, miR-208, miR-499, miR-423, miR-126, miR-134, 

Figure 2.  miRNAs associated with the diagnosis and prognosis of heart failure, acute myocardial infarction and arrhythmia. miRNAs in blue boxes are 

associated with a single pathology, while those in yellow boxes with multiple pathologies.
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miR-328 and miR-486, and decreases in miR-106, miR-197 and 

miR-223 (Table 2, Figure 2)[29, 37-55]. Temporal changes in miR-

NAs related to myocardial growth, fibrosis and viability are 

associated with post-infarct volume LV structural remodel-

ing[56-58]. Thus, circulating miRNAs can be employed as diag-

nostic biomarkers for AMI. 

In animal models of AMI, serum levels of miR-1, a regulator 

of cardiac muscle development and differentiation, peaked 6 h 

post AMI and returned to basal levels after 3 days[59]. Levels of 

serum miR-1 were also positively associated with myocardial 

infarct size[52]. In post-AMI patients, miR-1 was significantly 

correlated with (a) the absolute change in infarct volume, (b) 

showed a trend for positive correlation with LV ejection frac-

tion and (c) was associated with AMI mortality[46, 49].

Similar to miR-1, miR-133 is crucial regulator of cardiac and 

skeletal muscle development, and involved in vascular smooth 

muscle cell biology[60, 61]. The relationship between miR-133 

and AMI however, is not defined. It has been reported that 

AMI patients had a 4.4-fold higher plasma level of miR-133 

that returned to basal levels after 7 days, compared to control 

subjects. Additionally, miR-133 was significantly correlated 

with all-cause mortality[37, 46]. In contrast, another study found 

no significant difference in miR-133 plasma levels between 

AMI and healthy patients[53]. Additionally, circulating miR-

133 levels did not significantly change in AMI patients with 

bradyarrhythmia or tachyarrhythmia, and was not associated 

Table 1.  miRNAs in heart failure.

 miRNA ID Change in expression Purpose Pathology (number of subjects)* Reference   

 

*HF, heart failure; CHF, chronic HF; AHF, acute HF; MI, myocardial infarction; HfpEF, heart failure with preserved ejection fraction; HfrEF, heart failure 

with reduced ejection fraction; CRT, cardiac resynchronization therapy.
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with prediction of LV ejection fraction and BNP within 1-year 

post-AMI[37, 38].

Acute myocardial infarction patients had significantly 

higher levels of plasma miR-21, compared to healthy controls. 

miR-21 was shown to be a novel biomarker that was predic-

tive of LV remodeling after AMI[51]. In addition, levels of miR-

21 correlated with several traditional markers of AMI; creatine 

kinase-MB (CK-MB), creatine kinase (CK) and cardiac tropo-

nin I (cTnI), with comparable diagnostic accuracy[49, 50]. 

A higher level of circulating miR-208a was observed in 

patients with AMI that peaked 3 h after reperfusion, compared 

with unstable angina-patients[47]. Elevated miR-208a was sig-

nificantly associated with increased risk of mortality or HF 

within 6 months after the AMI[46, 48]. Although miR-208b was 

not independently associated with the AMI clinical outcome 

after adjustment for cTnT, circulating miR-208a levels strongly 

correlated with cTnI and CK-MB released from the infarcted 

area[46, 47]. 

Levels of plasma cardiac myocyte-associated miR-499 was 

highly elevated and correlated with cTnI in AMI patients, 

which suggests its release from injured cardiomyocytes[43]. 

Compared to miR-1 or miR-208, miR-499 had a more accurate 

reliable biomarkers of AMI; cTnI and CK-MB[42]. Changes 

in the levels of circulating miR-499 were associated with 

unstable angina and non-ST elevation myocardial infarction 

(MI) in patients presenting within 3 h of symptom onset. This 

supports a role for serum miR-499 as a potentially novel bio-

marker to accelerate the diagnosis of acute coronary syndrome 

patients[44]. The sensitivity and specificity of miR-499 were 

greater than cTnI, suggesting that miR-499 could be an inde-

suggest that circulating miR-499 could be an early biomarker 
[45].

423 at 1, 3, and 12 months after MI, compared to baseline 

levels[38]. The level of miR-423 in AMI patients decreased 6, 

12 and 24 h following percutaneous coronary intervention. 

Eventually, miR-423 levels were comparable to the control 

group and lower than baseline levels [40]. There are no 

and indices of LV function and remodeling; echocardiographic 

Table 2.  miRNAs in acute myocardial infarction (AMI).

 miRNA ID Change in expression Purpose Pathology (number of subjects)* Reference  

 

   NSTEMI (48) 

*AMI, acute myocardial infarction; STEMI; ST-elevation myocardial infarction; ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; UA, 

unstable angina; NSTEMI, non-ST elevation myocardial infarction; LVEF, left ventricular ejection fraction; HF, heart failure.
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parameters, levels of cTn I or BNP; at any time-point during 

follow-up[38-40]. miR-29b plasma levels correlate with infarct 

volume changes in post-AMI patients. In addition, miR-29b 

levels associate with the alteration of LV end-diastolic volume 

over time[49].

Although variations in the levels of several miRNAs are 

-

sus comorbidities can be problematic. Many of the miRNAs 

affected by AMI regulate non-cardiac protein expression. For 

example, the levels of muscle specific miR-1 are affected by 

pathologies that lead to muscle damage. Thus, it may be gen-

AMI[62-65]. Among the miRNAs associated with AMI, signifi-

-

tic biomarker[66, 67]. First, miR-208a is expressed in cardiomyo-

cytes where it regulates myosin heavy chain expression, thus 

it is heart specific and its level of expression is significantly 

affected in a majority of AMI patients[68]. miR-208 is rapidly 

detected in AMI patients (<4 h post-AMI)[69]. Similarly, in ani-

mal models using experimentally induced myocardial infarc-

tion, miR-208 is detected within 1 h of AMI. The level begins 

to decrease after 3 h and is not significantly different that 

controls after 24 h[69]. These observations support the use of 

miR-208 as a biomarker for early AMI detection, but it would 

be unreliable as a long term biomarker. In this situation, other 

miRNAs could be used such miR-499, miR-1 or miR-133.

Arrhythmia

changes from its normal pattern. The symptomatic pattern can 

be irregular (dysrhythmia), too fast (tachycardia) or too slow 

(bradycardia). Changes in the levels of several circulating miR-

NAs have been associated with arrhythmia (Table 3, Figure 2). 

Atrial fibrillation (AF) is a chronic arrhythmia affecting 

the majority of patients with CVDs and is a precipitating 

risk factor for HF. Atrial fibrillation may cause ventricular 

arrhythmia, increase the risk of stroke or lead to death[70]. The 

incidence rate of AF in aging populations increases 5%–15% in 

people over 80[71]. 

Changes in the levels of several miRNAs have been linked to 

AF. Deregulation of miR-29; which targets mRNAs encoding 

fibrosis-promoting proteins; has been found to contribute to 

apoptosis[72-74]. miR-208b upregulation was documented in 

cardiac tissue from human and animal AF samples[75]. The risk 

of post-operative AF can be predicted from elevated serum 

levels of miR483[76]. Circulating miR-23a and miR-26a may 

be involved in the underlying biology of post-operative AF 

development[77]. 

There is evidence suggesting that miRNAs may regulate 

atrial remodeling via controlling Ca2+ channel protein expres-

sion. Significant up-regulation of miR-328, a regulator of 

cardiac hypertrophy[78], was observed in the atrial tissues of 

AF patients and in animal models of AF. Sequence analysis 
2+

subunits (CACNA1C and CACNB2) as its potential targets. 

Over expression of miR-328 confirmed its role as an effector 

of AF[79, 80]. Ling and colleagues found that miR-499 was sig-

play a role in the electrical remodeling by affecting the expres-

sion of small conductance, Ca2+-activated K+ channel isoform 

3[81]. Overexpression of miR-208b in HL-1 atrial myocytes or 

primary cardiomyocytes isolated from chronic AF patients 

reduced the expression and function of CACNA1C and 

CACNB2, and the sarco/endoplasmic reticulum Ca2+-ATPase 

(SERCA2)[82]. Cardiomyocytes from AF patients showed 

significant upregulation of miR-30d with reduced levels of 

CACNA1C, and K+-inwardly-rectifying channel, subfamily 

J3 (KCNJ3) mRNA and protein. In vitro, overexpression of 

miR-30 downregulated expression of KCNJ3 with a concomi-

tant reduction of the acetylcholine-sensitive inward-rectifier 

K+ current, while knockdown of miR-30d enhanced KCNJ3 

expression[83]. 

Both clinical and animal studies have shown increase in 

levels of miR-21 in atria, leading to structural remodeling of 

the atrial myocardium[84] -

genic mouse model of cardiac dysfunction[85], miR-21 levels 

selectively increase. miR-21 affects the activity of the extracel-

lular signal-regulated/mitogen-activated protein kinase path-

way, which ultimately affects cardiac structure and function, 

[86]. 

Table 3.  miRNAs in arrhythmia.

 miRNA ID Change in expression Purpose Pathology (number of subjects)* Reference 

 

*

coronary artery bypass grafting; HF, heart failure.
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Analysis of serum from AF patients identified a 3.2-fold 

decrease in the level of miR-150 in platelets and a 1.5-fold 

decrease in serum, compared cardiac disease-free controls[87]. 

It is possible that lower platelet miR-150 may be associated 

with many of the mechanisms pathways related with the 

development of AF, such as inflammation, platelet function 
[87, 88].

In pediatric patients with arrhythmias, paroxysmal or 

persistent tachycardia is common, and can lead to cardiac 

remodeling and HF. The incorporation of miR-1 into diagnos-

in the prediction of supraventricular tachycardia. miR-133 

was a biomarker of greater accuracy in evaluating ventricular 

tachycardia. While patients with supraventricular tachycardia 

showed low miR-1 level, those with ventricular tachycardia 

had higher miR-133 levels. Elevated miR-1 had been docu-

mented in AMI rat models and was generally associated with 

ischemic arrhythmia[89].

Pulmonary hypertension

Pulmonary arterial hypertension is characterized by an 

increase in the resistive and reactive components of pulmo-

nary vascular impedance, which ultimately leads to right 

ventricular failure[90, 91]. Over 30 circulating miRNAs have 

been associated with the development and progression of pul-

monary arterial hypertension[92]. The levels of many of these 

miRNAs correlate with pulmonary arterial dispensability and 

pulmonary vascular resistance index, and decrease response 

to oxygen and/or inhaled nitric oxide. 

miRNAs as therapeutic targets for cardiovascular dis-

eases
Changes in the circulating serum levels of many miRNAs 

are associated with several CVDs, suggesting that they may 

be potential therapeutic targets. In recent years, numerous 

miRNA mimics and anti-miRs; synthetic oligonucleotides 

that block miRNA function; have been evaluated in animal 

models for the treatment of various CVDs by targeting differ-

ent aspects of cardiac pathology; apoptosis and autophagy or 

hypertrophy (Figure 3)[93-95]. 

In older animals, miR-22 is elevated and suppresses car-

diac autophagy. Consequently, administration of miR-

22 anti-miRs activates cardiac autophagy to prevent post-

infarction remodeling and improve cardiac function in older 

mice[2]. miR-99a targets the mTOR/p70 ribosomal protein S6 

kinase signaling pathway to prevent apoptosis and increase 

autophagy. Overexpression of miR-99a in a murine model of 

MI improved both cardiac function and survival by increas-

ing these activities. In addition, overexpression of miR-99a 

ameliorated hypoxia-mediated apoptosis to improve cardiac 

function in ischemic heart of mice undergoing MI. Intra-myo-

cardial injection of mice with miR-99a improved LV function 

and survival 4 weeks after the MI[96]. Similarly, adenovirus 

-delivered miR-214 or miR-21 improved LV remodeling and 

decreased myocardial apoptosis in a rat model of AMI or 

ischemia-reperfusion injury, respectively[97, 98]. In a rat model 

of myocardial ischemia/reperfusion injury, the levels of miR-

in LV remodeling[99]. 

The magnitude of cardiac hypertrophy and autophagy in 

cardiomyocytes is regulated by the miR-212/132 family, which 

targets the anti-hypertrophic and pro-autophagic FoxO3 tran-

scription factor. While hypertrophic stimuli increase the levels 

of miR-212 and miR-132 expression, inhibition of miR-132 with 

anti-miRs rescues cardiac hypertrophy and HF in mice[100]. In 

a mouse model of hypertrophy and cardiac dysfunction, inhi-

bition of Jagged1/Notch signaling by the administration of 

a locked nucleic acid anti-miR-652 resulted in attenuation of 

cardiac hypertrophy. Improved heart function was associated 

with reduced cardiac fibrosis[101]. These studies suggest that 

anti-miR-212, anti-miR-132 or anti-miR-652 may be promising 

agents for the treatment of pathological remodeling during HF 

and could be used as part of cardiac failure therapies.

miRNA-based treatments have also shown positive results 

in adult porcine models of CVD. In a model of reperfused 

AMI, a single intracoronary administration of encapsulated 

anti-miR-92a prevented LV remodeling without adverse 

effects[102]. Regional delivery of locked nucleic acid-modified 

anti-miR-92a reduced infarct size and post-ischemic loss of 

Figure 3. miRNAs as therapeutic targets for cardiovascular diseases. Increased expression (arrow head) or decreased expression (bar-head) provides 
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function in a model of percutaneous ischemia/reperfusion[103]. 

Similarly, systemic delivery of locked nucleic acid modified 

anti-miR-15 effectively rendered cardiomyocytes resistant to 

hypoxia-induced cardiomyocyte cell death[104]. Combined these 

studies suggest that miRNA-based therapies using modified 

oligonucleotides are promising therapeutic agents for patients 

who suffer a large AMI or to affect cardiac remodeling and 

preserve cardiac function after ischemic injury.

Although promising, several limitations of miRNA-

based therapeutics have been identified[105]. Recent data 

have shown some limitations of miRNAs-based therapies 

for cardiovascular diseases. For example, anti-miR-34a has 

shown sex preference, where it is more effective in females 

with moderate dilated cardiomyopathy than in males[106]. This 

suggests that there needs to be a better understanding of the 

mechanism of any miRNA-based therapy for cardiac disease 

before it can be moved into the clinic. Inhibition of the miR-

34 family attenuates cardiac remodeling and improves heart 

function following pressure overload, a model chronic MI[107]. 

Administration of a single miRNA isoform, anti-miR-34a 

however, did not significantly affect cardiac fibrosis in mice 

with moderate cardiac pathology. It did however, attenuate 

atrial enlargement and maintained cardiac function[108]. These 

results suggest that inhibition of miR-34a based therapies may 

have limited potential.

Challenges
miRNAs regulate many biological processes and their levels of 

expression are affected in many human diseases. There is little 

doubt that miRNAs are critical regulators of cardiovascular 

function and play important roles in many aspects of cardio-

vascular biology. The roles of miRNAs in cancer have been 

extensively investigated and numerous miRNAs are estab-

lished biomarkers for the diagnosis and prognosis of various 

types of cancers[109, 110]. Additionally, many miRNAs are under 

human clinic trials for the treatment of cancer[111, 112]. Although 

our knowledge of the roles of miRNAs in the biology of CVD 

has greatly improved, additional research is needed to iden-

tify and validate miRNAs as biomarkers for the diagnosis and 

prognosis of this class of diseases. 

Several challenges need to be addressed to identify miRNAs 

that can be reliably used as diagnostic markers or therapeutic 

targets for CVD. As discussed above, there can be conflicting 

observation regarding changes in miRNA levels with specific 

cardiac pathologies. These differences can be attributed to 

potential differences in sample/patient number (i.e., low n 

values), sampling time, methods for miRNA quantification, 

miRNA normalization parameters and co-morbidities[113, 114]. 

As additional clinical studies are performed, the issue of 

sample number can be resolved by combining the results 

from multiple studies via meta analyses, but only if standard 

protocols for material acquisition and storage, and miRNA 

of standard operating procedures for miRNA quantification 

has been shown to reduce experimental variability. To better 

identify miRNAs linked to CVD it may be necessary to acquire 

data for multiple time points after symptom onset and detailed 

medical histories, which could provide essential information 

on potential confounders[114]. Several methods have been 

developed to quantify circulating miRNAs: qRT-PCR, droplet 

digital PCR, quantitative stem-loop RT-PCR) and chip-

based digital PCR, as well as RNAseq and microarrays[115-118]. 

However, the establishment of a common set of normalization 

miRNAs, statistical tools for analyses, internal spike miRNA 

controls, as well as primer sets and amplification conditions 

will also be necessary to reduce inter-study variability. 

Changes in the levels of dozens of circulating miRNAs 

have been associated with several cardiac pathologies, how-

ever; there are limited numbers that can currently be used as 

CVD diagnostic markers. This limitation is a consequence of 

miRNA expression being affected by non-cardiac conditions 

(eg, cancer, infection, drug use, etc) and a lack of mechanistic 

association to the heart. As discussed above, several miRNAs 

show promise as markers based on their association with spe-

-

tic marker of CVD or a potential therapeutic target however, 

it should be predominantly expressed in cardiac tissue and/

or essential for heart development, function, or repair of heart-

specific damage, for example, miR-1, miR133a, miR-208a/b, 

and miR-499[119, 120].

Although promising, several limitations of miRNA-based 

therapeutics have been identified. Thus, how to avoid these 

limitations will be a major challenge in applying miRNAs 

for diagnostic and therapeutic purposes. Therefore, there is 

an urgent need for further development of miRNAs for the 

therapy of CVD in both animal models and human clinic trials 

for the treatment of CVD.
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