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A B S T R A C T

Background: Few studies have compared the performances of those reported miRNAs as bio
markers for heart failure with reduced EF (HFrEF) in a population at high risk. The purpose of this 
study is to investigate comprehensively the performance of those miRNAs as biomarkers for 
HFrEF.
Methods: By using bioinformatics methods, we also examined these miRNAs’ target genes and 
possible signal transduction pathways. We collected serum samples from patients with HFrEF at 
Zhongshan Hospital. Receiver operating characteristic (ROC) curves were used to evaluate the 
accuracy of those miRNAs as biomarkers for HFrEF. miRWALK2.0, Gene Ontology (GO) analysis, 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis were performed to 
predict the target genes and pathways of selected miRNAs.
Results: The study included 48 participants, of whom 30 had HFrEF and 18 had hypertension with 
normal left ventricular ejection fraction (LVEF). MiR-378, miR-195-5p were significantly 
decreased meanwhile ten miRNAs were remarkably elevated (miR-21-3p, miR-21-5p, miR-106- 
5p, miR-23a-3p, miR-208a-3p, miR-1-3p, miR-126-5p, miR-133a-3p, miR-133b, miR-223-3p) in 
the serum of the HFrEF group.
Conclusion: The combination of miR 133a-3p, miR 378, miR 1-3p, miR 106b-5p, and miR 133b 
has excellent diagnostic performance for HFrEF, and there is a throng of mechanisms and path
ways by which regulation of these miRNAs may affect the risk of HFrEF.

1. Introduction

Heart failure (HF) is a complex clinical syndrome characterized by dyspnea or fatigue resulting from impaired ventricular filling, 
blood ejection, or both. It is a significant public health concern around the world. The World Health Organization (WHO) estimates 
that 26 million people have heart failure worldwide [1]. In developed countries, approximately 1–2% of adults [2] and up to 4–5% in 
developing countries [3]. HF is estimated to affect approximately 1.3 % of the Chinese population, with prevalence increasing among 
people over 65 [4]. There are three categories of HF based on the left ventricular (LV) ejection fraction (EF): heart failure with 
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preserved ejection fraction (HFpEF) (LVEF ≥50 %), heart failure with mid-range ejection fraction (HFmEF) (LVEF 41%–49 %), and 
heart failure with reduced ejection fraction (HFrEF) (LVEF ≤40 %) [5].

N-terminal fragment of B-type natriuretic peptide (NT-pro-BNP)measurement has proved to be an effective screening tool for 
patients with various heart diseases, regardless of underlying etiology and the degree of systolic dysfunction of the left ventricle, which 
is associated with an increased risk of producing cardiovascular events [6].

A subgroup of non-coding RNA species known as microRNAs(miRNAs) is recognized to play critical roles in post-transcriptional 
regulation of the expression of most protein-coding genes [7]. Functional miRNA studies have revealed that some miRNAs play a 
role in pathogenic mechanisms leading to heart failure, such as remodeling, hypertrophy, and apoptosis [8,9]. Nevertheless, extra
cellular circulating miRNAs were first discovered in 2008 [10–12]. In response to these findings, many studies have investigated 
miRNAs as potential disease biomarkers, including heart failure [13–15].

Compared to traditional biomarkers such as NT-pro-BNP, miRNAs offer several advantages as biomarkers for heart failure. The 
levels of NT-pro-BNP are more affected by confounding factors such as renal function than miRNAs, which are more stable in cir
culation [16]. Additionally, miRNAs have high sensitivity and specificity for diagnosing heart failure across a variety of patient de
mographics, as opposed to NT-pro-BNP which may vary with age and obesity [17]. Furthermore, miRNAs can be directly linked to 
cellular mechanisms of heart failure, offering insight into disease pathophysiology and progression not available via NT-pro-BNP [18]. 
As a result, circulating miRNAs provide a option for diagnosing heart failure. However, there is another problem. Even if there are 
systematic studies on miRNAs and HFrEF, they select healthy individuals who do not have hypertension or diabetes as control group 
[19]. In any case, screening for HF patients in a population at high risk for a potential diagnostic marker may be more meaningful.

Thus, we aim to this screen out the potential biological markers of potential miRNAs for HFrEF based on the hypertensive pop
ulation as control while focusing on these miRNAs and studying their target genes and possible signal transduction pathways by 
bioinformatics methods.

2. Materials and methods

2.1. Patients and control subjects

Patients registered in the China National Heart Failure Registry (CN-HF) had their serum samples taken (Approval No. B2012-140 
(2)). The Shanghai Institute of Cardiovascular Diseases, Zhongshan Hospital Fudan University (the head unit) is leading the national, 
multicentered, prospective, and observational registry project known as the CN-HF, which also includes 50 to 100 secondary and 
tertiary hospitals.

HFrEF is defined as LVEF≤40 %. We recruited 30 HFrEF patients from April 2012 to October 2013. 23 cases were confirmed HF 
after MI, along with 6 cases of dilated cardiomyopathy, and 1 case of valvular cardiomyopathy. 30 hypertension patients were enrolled 
in the control group (NoHF). These hypertension patients should meet the following criteria: 1. No signs or symptoms of HF; 2. LVEF 
≥50 %; 3. NT-proBNP <100 pg/mL. ALL patients with severe renal failure or comorbid diseases that indicated a life expectancy of less 
than a year were excluded.

2.2. Clinical assessment

All study patients got a thorough history and physical examination, NYHA functional class assessment, and phlebotomy. Peripheral 
venous blood samples were tested for full blood count, liver function, serum creatinine(Scr), glycosylated hemoglobin (HbA1C), А2- 
macroglobulin, β2-microglobulin, NT-proBNP, and lipid profile.

2.3. Doppler echocardiography

In all cases, Doppler echocardiography was performed. In accordance with the recommendations of the European Society of 
Echocardiography, one of two blinded operators performed the Doppler echocardiographic assessment. All data represent the mean of 
three measurements on consecutive cardiac cycles. Left atrium diameter (LAD), left ventricular end-diastolic diameter (LVDd), left 
ventricular end-systolic diameter (LVDs), interventricular septum diameter (IVSd), left ventricular posterior wall diameter (LVPWd), 
Pulmonary artery pressure (PAP) and left ventricular ejection fraction (LVEF) were measured.

2.4. Serum preparation and RNA isolation

Donor blood samples were collected and placed at room temperature for 2 h. Separation of serum was accomplished by centri
fugation at 1000g for 10 min. The supernatant was centrifuged to completely remove the cell debris. Total RNA was extracted from 
200 μl serum using miRcutes serum/plasma miRNA isolation kit (Tiangen, Beijing, China) according to the manufacturer’s in
structions. After RNA preparation, each portion was separated and frozen at − 80 ◦C until qPCR could be performed. The purity and 
concentration of the isolated RNA, including miRNAs, were assessed using a NanoDrop spectrophotometer (Thermo Scientific).The 
A260/A280 ratio was measured to determine RNA purity, with acceptable values typically ranging between 1.8 and 2.1.RNA con
centration was calculated based on the absorbance at 260 nm. The concentration of isolated miRNAs ranged from 20 to 50 ng/μL, 
depending on the sample type and quality.
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2.5. cDNA synthesis and RT-qPCR

The miRNA isolated from blood sample was polyadenylated and reverse transcribed to cDNA in a final volume of 20 μl using 
miRcute miRNA First-Strand cDNA Synthesis Kit (Tiangen, Beijing, China). Real-time PCR was performed in duplicate using the 
miRcute Plus miRNA qPCR Detection Kit (SYBR Green) (Tiangen, Beijing, China). The miRNA-specific primer sequences were designed 
by a biologics company (Tiangen, Beijing, China). Each amplifying reaction was conducted in a final volume of 20 μl containing 1 μl of 
the cDNA, 0.2 mM of each primer and 1 × miRcute Plus miRNA Premix (with SYBR ROX). Cat number of the primers for microRNA 
(Tiangen, Beijing, China) are listed in Extended data table 1. MiR-16 was used as endogenous control [20]. Then qRT-PCR was per
formed in triplicate using an ABI Prism 7500 sequence detection system (Applied Biosystems). The amplification reactions were 
incubated at 95 ◦C for 30 min followed by 40 cycles at 94 ◦C for 15 s, 55 ◦C for 30 s, and 70 ◦C for 30 s. At the end of the PCR cycles, 
melting curve analyses as well as electrophoresis of the products on 3.0 % agarose gels were performed. This was done to validate the 
specific generation of the expected PCR product. Analyses were conducted in duplicate on each sample. The expression level of the 
miR-19b was quantified in accordance with the cycle threshold (Ct) method. The relative expression level was calculated as follows: 
relative microRNA expression = 2− (ΔCt sample− ΔCt miR− 16).

2.6. MicroRNA target gene prediction and pathway analysis

MiRWALK2.0 (http://mirwalk.umm.uni-heidelberg.de) was used for the prediction of miRNA target [21,22]. Venn’ s diagram was 
plotted using Jvenn [23]. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis (mirPath V.3) was applied to 
identify molecular pathways that were potentially altered. Gene Ontology (GO) analysis (mirPath V.3), which included cellular 
component (CC), molecular function (MF), and biological process (BP), was performed to analyze the primary function of putative 
target genes. Bar charts and bubble diagrams, respectively, were used to visualize the results of the KEGG pathway and GO terms 
enrichment analyses [24].

3. Statistics

Data were expressed in terms of mean ± standard error or standard deviation. For relative gene expression, the mean value of the 
control group is defined as 1 or 100 %. Comparisons of continuous variables amongst groups were performed by the student’s t-test for 
Gaussian data and Mann-Whitney test for non-Gaussian data. For comparison of categorical variable, chi-square test was used. The 
correlation ship between miRNAs and biochemical indicators in HFrEF patients and NoHF group was evaluated by Pearson correlation 
coefficient. Diagnostic potential of microRNA in differentiating HFrEF from the controls was conducted by sensitivity, specificity, and 

Table 1 
Characteristics of the enrolled individuals.

Baseline characteristics NoHF patient (n = 30) HFrEF patient (n = 30) P-value

Age 59.03 ± 9.10 66.80 ± 10.32 <0.01
Male (%) 18 (60.0 %) 16(53.3 %) 0.610
Hypertension (%) 30 (100 %) 27(90 %) 0.282
Ischemic heart disease (%) 0 (0 %) 23(76.7 %) <0.01
Clinical assessment
CTnT (ng/ml) 0.01 ± 0.01 0.11 ± 0.27 0.055
А2-macroglobulin (mg/L) 1.56 ± 0.66 1.79 ± 0.43 0.116
β2-microglobulin (mg/L) 1.87 ± 0.54 3.79 ± 2.55 <0.01
NT-proBNP (pg./ml) 42.93 ± 27.98 4933.59 ± 6179.34 <0.01
Hb (g/L) 134.60 ± 14.07 130.43 ± 17.45 0.313
WBC (X10^9/L) 6.30 ± 1.52 6.81 ± 2.00 0.269
ALT (U/L) 23.90 ± 11.69 20.33 ± 12.94 0.067
AST (U/L) 20.67 ± 5.29 25.60 ± 1.65 0.058
Alb (g/L) 41.47 ± 2.78 38.00 ± 4.07 <0.001
BUN (mmol/L) 5.78 ± 1.69 9.11 ± 5.67 <0.001
Scr (μmol/L) 76.43 ± 18.12 106.93 ± 53.73 <0.001
eGFR (mL/min/1.73m2) 88.30 ± 25.78 67.52 ± 25.52 0.031
HbA1C (%) 6.35 ± 1.61 6.15 ± 1.06 0.430
TC (mmol/L) 4.25 ± 0.96 3.80 ± 0.81 0.393
TG (mmol/L) 2.04 ± 1.49 1.34 ± 0.45 0.251
HDL (mmol/L) 1.20 ± 0.28 1.24 ± 0.80 0.451
LDL (mmol/L) 2.58 ± 2.07 2.09 ± 0.73 0.961
Echocardiography
LAD (mm) 38.65 ± 4.56 46.47 ± 8.48 <0.01
LVDd (mm) 47.00 ± 4.00 65.97 ± 8.35 <0.01
LVDs (mm) 28.77 ± 3.27 54.23 ± 10.53 <0.01
IVSd (mm) 9.35 ± 2.08 8.90 ± 1.71 0.382
LVPWd (mm) 8.85 ± 1.19 8.97 ± 1.43 0.735
PAP (mmHg) 26.54 ± 7.11 42.57 ± 15.53 <0.01
LVEF (%) 68.19 ± 5.07 32.60 ± 5.99 <0.01
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area under the curve analysis (AUC). The cut-off value was calculated using the Jordan index. Statistical analysis was performed with 
SPSS 26.0 (SPSS Inc., Chicago, Illinois, U.S.A.) and GraphPad Prism 9.20 software (GraphPad Software Inc., La Jolla, CA, U.S.A.). A p 
value < 0.05 was considered significant.

Fig. 1. Comparative expression levels of the miRNA biomarker candidates within the independent validation cohort. The circulating levels 
of 28 miRNAs were quantified in hypertension and HFrEF study cohorts. A-B: miR-378 and miR-195-5p were decreased in the serum of HFrEF 
patients. C-L: miR-21-3p, miR-21-5p, miR-106-5p, miR-23a-3p, miR-208a-3p, miR-1-3p, miR-126-5p, miR-133a-3p, miR-133b, miR-223-3p were 
increased in the serum of HFrEF patients. Data represent mean ± S.E.M. *P < 0.05, **P < 0.01.
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4. Result

4.1. Characteristics of the enrolled individuals

A total of 30 HFrEF patients and 30 NoHF patients were included in this study according to the eligibility criteria. As was shown in 
Table 1, all populations had a similar gender split and a comparable prevalence of hypertension. The HFrEF cohort exhibits numerous 
traits specific to this HF subtype, including being significantly older than the NoHF cohort and demonstrating a dominant ischemic 
etiology. In contrast to the NoHF group, HFrEF patients had significantly higher NT-proBNP, β2-microglobulin, poorer renal function 
(indicated by elevated blood urea nitrogen (BUN) and serum creatinine (Scr), as well as considerably lower glomerular filtration rate 
levels (eGFR), and poorer nutritional status (indicated by decreased albumin (Alb) levels). Once more, these groups’ echocardio
graphic findings are characterized by noticeably larger LAD, LVDd, LVDs, PAP and remarkable reduced EF in the HFrEF cohort.

Fig. 2. Receiver operating characteristic (ROC) analysis for the use of miRNAs to diagnosis HFrEF. A-L: ROC analysis for miRNA 
biomarker candidate.
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4.2. Independent validation of selected microRNA candidates as HFrEF diagnostics

We performed miRNA profiling from the plasma RNA pool between NoHF patients and HFrEF patients. According to literature 
reports, candidate miRNAs related to heart disease and cardiac development were selected. Out of the 28 candidate miRNAs, the 
expression levels of two miRNA were significantly decreased (miR 378, miR 195-5p) (Fig. 1A and B) meanwhile ten miRNAs were 
remarkably elevated (miR 21-3p, miR 21-5p, miR 106-5p, miR 23a-3p, miR 208a-3p, miR 1-3p, miR 126-5p, miR 133a-3p, miR 133b, 
miR 223-3p) in the serum of HFrEF group compared to the NoHF cohort(Fig. 1C–L). The expression of other 16 miRNAs was shown in 
Extended data figure S1.

These differentially expressed miRNA biomarker candidates were further evaluated for HFrEF diagnostic utility. We analyzed these 
selected miRNAs’ receiver operating characteristics (ROC) to assess their diagnostic performance. For distinguishing HFrEF from 
NoHF, all miRNAs displayed their potential diagnostic value based on area under the ROC curve (AUC), sensitivity, or specificity 
(Fig. 2A–K) except for miR 23a-3p (Fig. 2L).

The optimum cut-off values for these miRNA biomarker candidates were identified by drawing ROC curves. The cut-off values are 
shown in Table 2.

Notably, five miRNAs (miR 133a-3p, miR 378, miR 1-3p, miR 106b-5p, and miR 133b) exhibited the greatest estimated AUCs (from 
0.8274 to 0.9253). The ROC curves of these five miRNAs were integrated to test whether this improves diagnostic accuracy. As shown 
in Fig. 3B, the combined analysis showed an AUC of 0.997 (P < 0.01). By contrast, NT-proBNP used alone to predict HFrEF in this study 
yielded an AUC of 1 (Fig. 3A).

4.3. Correlation of the selected miRNA biomarker candidates with the echocardiographic parameters

A linear correlation analysis was performed between several Echocardiographic Parameters and circulating miRNA candidates in 
HFrEF and NoHF patients.

Briefly, there was a negative correlation between NT-proBNP and LVEF (Fig. 4A). Interestingly, a similar trend was also found in the 
relationship between LVEF and the circulating miRNA candidates (miR 133a-3p, miR 1-3p, miR 106b-5p, and miR 126-5p) (Fig. 4B–E). 
Also, LVEF positively correlated with miR 195-5p expression (Fig. 4F). LAD showed statistically significant correlations with NT- 

Table 2 
Cut-off levels for miRNA biomarker candidates in HFrEF.

miRNA Cut-off value (change fold) Sensitivity%(95%CI) Specificity%(95%CI)

miR 133a-3p 3.865 73.33(55.55–85.82) 100(86.68–100.0)
miR 378 0.3976 83.33(66.44–92.66) 100(87.13–100.0)
miR 1-3p 1.629 82.14(64.41–92.12) 86.36(66.67–95.25)
miR 106b-5p 3.111 71.43(52.94–84.75) 96(80.46–99.79)
miR 133b 3.519 75(56.64–87.32) 91.67(74.15–98.52)
miR 195-5p 0.7269 65.38(46.22–80.59) 95.83(79.76–99.79)
miR 223-3p 2.419 70.37(51.52–84.15) 82.61(62.86–93.02)
miR 126-5p 1.579 67.86(49.34–82.07) 86.36(66.67–95.25)
miR 21-3p 13.56 47.37(27.33–68.29) 100(85.69–100.0)
miR 21-5p 1.210 65.38(46.22–80.59) 85.19(67.52–94.08)
miR 208a-3p 12.64 44.44(27.59–62.69) 95.65(79.01–99.78)

Fig. 3. Receiver operating characteristic (ROC) analysis highlights that the diagnostic value of using miRNA combinations to differentiate 
HFrEF from NoHF is approaching to using NT-proBNP on its own. A. ROC analysis of NT-proBNP. B. ROC anlysis of combined miRNAs (miR 
133a-3p+ + miR 378 + miR 1-3p + miR 106b-5p + +miR 133b).
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proBNP, miR 133a-3p and miR 378 (Fig. 5A–C); NT-proBNP, miR 126-5p, miR 21-3p and miR 195-5p were all related with LVDd 
(Fig. 6A–D).

The analysis revealed a positive correlation between LVDs and NT-proBNP, miR 133a-3p, and miR 126-5p expression, but a 
negative relationship with miR 195-5p (Fig. 7A–D).

Although IVds showed no correlation with NT-pro-BNP, there was a positive correlation with miR 195-5p (Fig. 8). Similarly, a 
marked and relevant negative correlation was also noted between PAP and miR 378 (Fig. 9A and B).

Fig. 4. Correlation of NT-proBNP and the selected miRNA biomarker candidates with LVEF. A-E. NT-proBNP, miR-133a-3p, miR 1-3p, miR 
106b-5p, miR 126-5p were negatively related with LVEF were observed. F. There was a positive correlation between miR 195-5p with LVEF.

Z. Kuai et al.                                                                                                                                                                                                            Heliyon 10 (2024) e37929 

7 



4.4. Biomarker candidates MicroRNA target gene prediction and pathway analysis

The target genes of the five potential biomarker candidates (miR 133a-3p, miR 378, miR 1-3p, miR 106b-5p, and miR 133b) were 
predicted using the miRWALK2.0 software. Among them, 130 overlapping genes (Extended data table 2.) were extracted and plotted in 
the Venn diagram (Fig. 10A).

A KEGG analysis was conducted to identify the main pathways in which the candidate target genes may be engaged, which will help 
us better understand the biological functions of the predicted target genes. The top five pathways were endocytosis, axon guidance, 
TGF-beta signaling, Ubiquitin mediated proteolysis pathway, and gap junction after cancer-related pathways were eliminated 
(Fig. 10B). The main biological processes, molecular functions, and pathway analyses determined by GO analysis of the target genes of 
the five analyzed miRNAs are summarized in Fig. 10B. It demonstrated that the overlapping differentially expressed genes were 
dramatically concentrated in the organelle, ion binding, cellular nitrogen compound metabolic process, biosynthetic process, and 
cellular component (Fig. 10C).

5. Discussion

There is a growing burden of cardiovascular disease associated with HF worldwide. Patients with chronic HF have a 1-year 
mortality rate of 7.2 % and a 1-year hospitalization rate of 31.9 %, while patients with acute HF have 17.4 % and 43.9 %, respec
tively [25]. Although the N-terminal fragment of NT-pro-BNP is a potential marker of heart failure as outlined in the European 
guidelines from 2008 [26], circulating diagnostic biomarkers-microRNAs have their advantages. Unlike mRNAs or peptides, micro
RNAs are stable at room temperature and remain so after repeated freeze-thawing [10]. The advantages of circulating miRNAs can be 
seen in small medical institutions or areas with less developed medical resources, where blood samples from heart failure patients 
cannot be tested immediately. The present study analyzed the circulating miRNA signature of patients with HFrEF. The results of a 
genome-wide microarray followed by an independent qRT-PCR analysis demonstrated that two plasma microRNAs (miR 378 and miR 
195-5p) were significantly downregulated while ten circulating miRNAs (miR 21-3p, miR 21-5p, miR 106b-5p, miR 23a-3p, miR 
208a-3p, miR 1-3p, miR 126-5p, miR 133a-3p, miR 133b and miR 223-3p) were remarkably upregulated in HFrEF patients compared 

Fig. 5. Correlation of NT-proBNP and the selected miRNA biomarker candidates with LAD. A-B. NT-proBNP, miR-133a-3p were positively 
related with LAD were observed. C. There was a negative correlation between miR 378 with LAD.

Z. Kuai et al.                                                                                                                                                                                                            Heliyon 10 (2024) e37929 

8 



with their hypertensive controls(Fig. 1). All miRNAs displayed their potential diagnostic value based on area under the ROC curve 
(AUC), sensitivity, or specificity except for miR 23a-3p. ROC analysis revealed that the combination of miR 133a-3p, miR 106b-5p, miR 
1-3p, miR 133b, and miR 378 had similar discriminatory abilities in identifying HFrEF as NT-proBNP, which is an acknowledged 
biomarker. Drawing ROC curves for these miRNA biomarker candidates were used to determine the cut-off points for these biomarker 
candidates. It should be noted that the cut-off values here were change-fold, which was a relative ratio. The absolute quantification of 
miRNA is challenging to define and is greatly influenced by each batch’s reagents, operation, and other factors. Therefore, the 
diagnostic value of miRNA may be somewhat affected in practical operation. The absolute RT-qPCR method, on the other hand, is 
capable of determining the exact number of copies of a miRNA. The signal in an unknown sample is compared to a standard curve to 
achieve this [27]. Recently, digital RT-PCR has been used to quantify miRNA absolute levels. Digital PCR has the inherent advantage 
over conventional PCR in that it does not require external calibration (standard curves) or normalization to estimate the concentration 
of an unknown target [28].

It is reported that the overexpression of miR-133a significantly decreased fibrosis in rats with chronic heart failure by inhibiting the 
serine/threonine kinase Akt [29]. MiR-133 overexpression also suppresses the expression of multiple genes in fibroblasts, concurrently 
activating cardiac reprogram [30]. MiR-378 plays a dual role in suppressing cardiac hypertrophy and fibrosis through a paracrine 
mechanism [31]. In our study, some of these diagnostic candidate miRNAs are also associated with the LVEF (miR 133a-5p, miR 1-3p, 
miR 106b-5p, miR 126-5p, and miR 195-5p) (Fig. 4)and other echocardiographic parameters(LAD, LVDd, LVDs, IVSd, and PAP),which 
predicts that these miRNAs may be involved in myocardial hypertrophy or myocardial remodeling and deserve further investigation.

In addition, we conducted a bioinformatic analysis of these candidates for diagnosing HFrEF. It was determined that these five 
candidate miRNAs target 130 genes that are co-expressed using the miRWALK2.0 software. GO analysis demonstrated that the 
overlapping differentially expressed genes were dramatically concentrated in the organelle. Regarding KEGG analysis, we investigated 
if there are any common enriched pathways related to pathophysiological processes of heart failure. We found support for some 
familiar pathway enrichment results with heart failure for the Mitogen-activated protein kinas (MAPK) signaling pathway, ErbB 
signaling pathway, and TGF-beta signaling pathway.

Fig. 6. Correlation of NT-proBNP and the selected miRNA biomarker candidates with LVDd. A-C. NT-proBNP, miR 126-5p and miR 21-3p 
were positively related with LVDd. D. There was a negative correlation between miR 195-5p with LVDd.
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MAPK signaling cascades are critical regulators of cardiac hypertrophic response [32]. Liang reported that inhibiting p38 MAPK 
can reduce cardiomyocyte growth in response to hypertrophic stimuli [33]. In addition, chronic activation of the p38 MAPK pathway 
has been demonstrated to induce hypertrophic responses in cultured cardiomyocytes [34,35].

Fig. 7. Correlation of NT-proBNP and the selected miRNA biomarker candidates with LVDs. A-C.NT-proBNP, miR 133a-3p and miR 126-5p 
were positively related with LVDs. D. There was a negative correlation between miR 195-5p with LVDs.

Fig. 8. Correlation of miR 195-5p with IVSd. MiR 195-5p was positively related with IVSd.
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Animal models have demonstrated significant changes within the cardiac NRG-1/ErbB pathway during the progression of chronic 
HF. In the early stages of the disease, NRG-1/ErbB expression is elevated and declines just after the pump fails [36].

It has been demonstrated that the TGFβ signaling pathway plays a role in cardiac remodeling [37]. Increased TGFβ1 expression is 
instrumental in heart hypertrophy and cardiomyocyte apoptosis [38]. It is also reported that there is a climacteric link between 

Fig. 9. Correlation of NT-proBNP and the selected miRNA biomarker candidates with PAP. A. NT-proBNP was positively related with PAP. B. 
There was a negative correlation between miR 378 with PAP.

Fig. 10. Bioinformatic analysis for the five miRNA biomarker candidates. A. Venn’s diagram of genes targeted by each of the five miRNA 
biomarker candidates. B. Statistically significantly enriched pathways in Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis. C. Gene 
Ontology (GO) analysis for the target genes of the five miRNA biomarker candidates.
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miR-34a, cardiovascular fibrosis, and Smad4/TGFβ1 signaling pathway [39].
New visions were also provided into Endocytosis, axon guidance, gap junction, and regulation of actin cytoskeleton.
Our study has some limitations: 1) the number of patients was relatively small, which reduced our statistical power. Therefore, 

more extensive studies should be conducted to confirm the diagnostic value of miRNAs. 2) it is skeptical whether these circulating 
miRNAs are released from cardiomyocytes, fibroblasts, macrophages, or even by non-cardiovascular tissues due to the secondary 
consequence of HF. Artificial intelligence (AI) algorithms, including machine learning and deep learning, are increasingly being used 
to predict the onset of diseases. Some researchers have reported using AI technology and profound learning algorithms to automat
ically detect and predict coronary artery disease, thereby improving the accuracy of medical outcomes [40]. Predictive models can 
analyze a wide range of data, including genetic information, patient history, and lifestyle factors, to estimate an individual’s risk of 
developing a particular condition. In the future, we can also attempt to train AI algorithms on the CN-HF database to optimize the 
diagnosis and treatment of HFrEF.

6. Conclusion

The combination of miR 133a-3p, miR 378, miR 1-3p, miR 106b-5p, and miR 133b has excellent diagnostic performance for HFrEF, 
which can be an alternative to NT-proBNP in certain circumstances.
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LV left ventricular
EF ejection fraction
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HFpEF heart failure with preserved ejection fraction
HFmEF heart failure with mid-range ejection fraction
HFrEF heart failure with reduced ejection fraction
NT-pro-BNP N-terminal fragment of B-type natriuretic peptide
miRNA microRNA
CN-HF the China National Heart Failure Registry
BUN blood urea nitrogen
Scr serum creatinine
eGFR estimated glomerular filtration rate
Alb albumin
HbA1C glycosylated hemoglobin
LAD left atrium diameter
LVDd left ventricular end-diastolic diameter
LVDs left ventricular end-systolic diameter
IVSd interventricular septum diameter
LVPWd left ventricular posterior wall diameter
PAP Pulmonary artery pressure
LVEF left ventricular ejection fraction
AUC area under the curve analysis
CTnT troponin T
Hb Hemoglobin
WBC white blood cell
ALT Alanine aminotransferase
AST Aspartate aminotransferase
eGFR estimated glomerular filtration rate
TC total cholesterol
TG total triglyceride
HDL: high density lipoprotein
LDL: low density lipoprotein
AI Artificial intelligence
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