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ORIGINAL INVESTIGATION

Functional Significance of Cardiac 
Rehabilitation-Regulated Expression of 
Circulating MicroRNA-423-5p in Hypertensive 
Patients with Heart Failure with a Moderately 
Reduced Ejection Fraction

ABSTRACT

Background: Hypertension is a vital risk factor for heart failure, while cardiac rehabilita-
tion can effectively improve cardiac function of heart failure patients. This study aimed 
to determine the impact of cardiac rehabilitation on microRNA-423-5p in hypertensive 
patients with heart failure with a moderately reduced ejection fraction. 

Methods: Sixty hypertensive patients with heart failure with a moderately reduced ejec-
tion fraction were randomly divided into cardiac rehabilitation group and positive control 
group with 30 cases per group, while 30 hypertensive patients without heart failure were 
recruited as negative control group. The cardiac rehabilitation group and positive control 
group were treated with 1-month cardiac rehabilitation combined with the routine treat-
ment and routine treatment only, respectively. The New York Heart Association classi-
fication, 6-minute walking test, and color Doppler echocardiography were adopted to 
detect cardiac function. Meanwhile, the expression of microRNA-423-5p and N-terminal 
pro-B-type natriuretic peptide was determined via Real-Time Fluorescence Quantitative 
PCR and electrochemiluminescence immunoassay. The diagnostic potential of microR-
423-5p and N-terminal pro-B-type natriuretic peptide was assessed by ROC curve analy-
sis and multivariate linear regression model. 

Results: Patients in cardiac rehabilitation group displayed significantly lower expression 
of microR-423-5p and better results of New York Heart Association classification, 6-min-
ute walking test, and color Doppler echocardiography than those in positive control 
group (P < .05). ROC analysis showed that microR-423-5p (AUC = 0.785; 95% CI: 0.686-
0.865; sensitivity = 73.33%; specificity = 73.33%) had better specificity and accuracy than 
N-terminal pro-B-type natriuretic peptide (AUC = 0.721; 95% CI: 0.617-0.811; sensitiv-
ity = 81.67%; specificity = 63.33%). 

Conclusion: MicroR-423-5p was implicated in left ventricular hypertrophy and might be 
a potential biomarker for assessing the therapeutic effect of cardiac rehabilitation on 
hypertensive patients with heart failure with a moderately reduced ejection fraction.

Keywords: MicroRNAs, hypertension, heart failure, cardiac rehabilitation, biological 
markers

INTRODUCTION

Heart failure (HF) is the terminal stage of most cardiovascular diseases, which has 
become a serious epidemic and is the leading cause of hospitalization, morbidity, 
and mortality in most countries, including China.1 Di Palo and Barone2 have clari-
fied that hypertension may be a vital risk factor for HF. Hypertension is a common 
cardiovascular disease, and long-term elevated blood pressure can eventually 
lead to the occurrence of progressive HF.2 At present, the traditional biomarkers 
including brain natriuretic peptide (BNP) and N-terminal brain natriuretic peptide 
precursor (NT-proBNP) can facilitate the clinical management of HF, but they are 
also vulnerable to other factors including age, gender, and renal insufficiency.3,4 
Therefore, a more reliable and objective detection method is required for the 
treatment of HF. 
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Several studies have reported that cardiac rehabilitation 
elicits a marked reduction in the risk of cardio-cerebrovas-
cular events and HF-related hospitalization rate, improves 
cardiac function and exercise tolerance, repairs endothelial 
injury, and decreases BNP.5,6 Polakovičová et al5 have revealed 
obvious changes in the expression of several microRNAs 
(miRNAs) in peripheral blood after cardiac rehabilitation in 
HF patients. MicroRNAs are a class of endogenous non-cod-
ing single-stranded regulatory small RNAs that participate 
in the occurrence and progression of HF.7 Compared with 
traditional protein biomarkers, miRNAs have various advan-
tages of low complexity, high sensitivity and specificity, good 
measurability, noninvasiveness, long half-life, good stability, 
and correlation with numerous diseases.3

A review found that only 5 miRNAs were identified as bio-
markers of HF in more than one study, namely miR-1228, 
miR-122, miR-423-5p, miR-142-3p, and exosomal miR-
92b-5p.8 The miR-423-5p has been shown to be signifi-
cantly associated with several clinical diagnostic criteria for 
HF.8 Circulating miR-423-5p is a new marker that indicates 
the progression and prognosis of HF in ischemic cardiomy-
opathy and dilated cardiomyopathy, and mediates the pro-
tective effect of cardiac rehabilitation on cardiovascular 
diseases.9-11 Cardiac rehabilitation is a medical intervention 
designed to improve patient care that not only reduces mor-
tality and morbidity but also improves the life quality of the 
patients.12 However, few studies have been conducted to 
assess the role of miR-423-5p in hypertensive patients with 
heart failure with a moderately reduced ejection fraction 
(HFmrEF), and it remains to be determined how cardiac reha-
bilitation affects circulating miR-423-5p in these patients.

Herein, this study measured and analyzed plasma miR-
423-5p levels in hospitalized HFmrEF patients before and 
after cardiac rehabilitation treatment to investigate the 
effect of cardiac rehabilitation on plasma miR-423-5p in 
those patients and its clinical significance.

METHODS

Patients and Data Collection
Totally 60 hospitalized HFmrEF patients from January 2018 
to September 2019 were recruited. These participants 
were divided into cardiac rehabilitation group and positive 

control group, with 30 cases for each. Depending on the 
individual patient, one or more antihypertensive drugs 
were used. We cross-matched the two groups of patients 
for medication use. Meanwhile, 30 hypertensive patients 
without HF were selected as the negative control group. 
The inclusion criteria of both the cardiac rehabilitation and 
positive control groups were as follows: patients diagnosed 
with HFmrEF according to the 2016 European Society of 
Cardiology guidelines13; patients had no previous history of 
HF at the time of hypertension diagnosis; and patients met 
the Framingham criteria for HF at the time of the study. The 
inclusion criteria for subjects in the negative control group 
were a definite diagnosis of hypertension, no previous his-
tory of HF, and failure to meet the Framingham criteria for 
HF at the time of the study. The exclusion criteria for all 
three groups were as follows: patients with coronary heart 
disease, pulmonary heart disease, rheumatic heart disease, 
pregnancy, hemodialysis, severe endocrine disease, severe 
liver and kidney dysfunction, severe infectious disease, or 
malignant disease; patients who could not cooperate with 
the medical staff to complete the examination that needs 
to be conducted; and patients with unstable medical condi-
tions requiring close monitoring. Demographics and clinical 
history of all participants were recorded at baseline, includ-
ing age, gender, smoking, diabetes mellitus, NT-pro-BNP, 
low-density lipoprotein cholesterol (LDL-C), systolic blood 
pressure (SBP), and diastolic blood pressure (DBP). The cur-
rent study was approved by the Ethics Committee, and 
written informed consent were obtained from all patients, 
and was conducted in accordance with the 1964 Helsinki 
Declaration.

Intervention Process
In this study, the cardiac rehabilitation group was treated 
with 1-month cardiac rehabilitation combined with the rou-
tine treatment, while the negative control and positive con-
trol groups received the routine treatment only. The course 
of intervention was 1 month for all three groups.

The cardiac rehabilitation in the study consists of two 
stages. In the first stage, the medical staffs evaluated 
patients’ general condition, including nutrition, physical 
condition, and psychological status, before conducting the 
education and management of physical health, social psy-
chology, and exercise training. During this period, patients 
were treated with external counterpulsation for 30 minutes 
once a day. In the second stage, the medical staffs formu-
lated a self-management plan for patients, which involves 
health education, dietary intervention, behavioral interven-
tion, psychological intervention, and exercise rehabilitation, 
while providing individualized guidance for patients seeking 
professional support. Notably, the procedures in the first and 
second stages were carried out in the hospital and at home, 
respectively.

Cardiac Function Assessment
The New York Heart Association (NYHA) classification and 
6-minute walking test (6MWT) were utilized to evaluate car-
diac function in cardiac rehabilitation and positive control 
groups at baseline and after the intervention.

HIGHLIGHTS
• Cardiac rehabilitation reduces the expression of circu-

lating microRNA-423-5p in patients with hypertension 
secondary to heart failure.

• Cardiac rehabilitation is beneficial for patients with 
hypertension secondary to heart failure.

• MiR-423-5p was implicated in left ventricular 
hypertrophy.

• MiR-423-5p might be a potential biomarker for assess-
ing the therapeutic effect of cardiac rehabilitation on 
hypertensive patients with heart failure with a moder-
ately reduced ejection fraction.
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The NYHA classification includes the following four levels: 
patients of class I have heart disease but no resulting limited 
physical activity. Regular physical exercise does not lead to 
discomfort or pain; patients of class II suffer from cardiac dis-
ease, resulting in slight restriction of physical activity; patients 
of class III have cardiac disease that severely restricts their 
physical activity; and patients of class IV have cardiac dis-
ease, which prevents them from doing any physical activity. 
Symptoms of HF or anginal syndrome can occur even at rest, 
while physical activity leads to an increased discomfort.

The 6MWT measures the distance that a patient can walk 
rapidly on a flat and hard surface within 6 minutes and evalu-
ates the global and integrated responses of various systems 
involved in the exercise, including cardiovascular systems. 
Moreover, the 6MWT has been used extensively to assess 
the sub-maximum level of functional exercise capacity in 
patients. Given that most patients did not achieve maximum 
exercise capacity in the test, 6MWT allowed patients to set 
their own exercise intensity and stop or rest if needed dur-
ing the process. Since most activities of daily living are con-
ducted at sub-maximum exercise levels, this test can be a 
better measure for the functional exercise capacity of daily 
physical activities.14

Echocardiography
Echocardiography was adopted to quantitatively evaluate 
left ventricular functional status and left ventricular hyper-
trophy (LVH) of all subjects at baseline and after intervention, 
respectively. The acquired cardiac functional parameters 
included left ventricular end-diastolic dimension (LVDD), left 
ventricular ejection fraction (LVEF), and end-systolic volume 
(ESV). The modified Simpson`s method was used to deter-
mine LVEF and ESV.

Real-Time Fluorescence Quantitative PCR (RT-qPCR)
Real-Time Fluorescence Quantitative PCR was used to 
detect plasma miR-423-5p in all patients at baseline and 
after the intervention. The whole blood of patients in the 
cardiac rehabilitation and positive control groups was col-
lected from their elbow veins before and after interven-
tion. Total RNA was extracted from plasma via TRIzol LS® 
kit (Invitrogen, Carlsbad, USA), and U6 was utilized as the 
reference gene. The expression level of miR-423-5p was 

determined by reverse transcription and subsequent PCR 
assay in accordance with the manufacturer's protocols.

Electrochemiluminescence Immunoassay
Electrochemiluminescence immunoassay was performed 
to measure NT-proBNP using Cobase411 platform (Roche 
Diagnostics, Basel, Switzerland) at baseline and after the 
intervention. The immunoassay was performed as described 
in the protocol from the manufacturer. The detection range 
was 5-35 000 ng/L.

Enzyme-Linked Immunosorbent Assay (ELISA)
Membrane-type-1 matrix metalloproteinase (MT1-MMP), 
vascular endothelial growth factor (VEGF), and B-cell lym-
phoma-2 (Bcl-2) at baseline were measured using ELISA 
detection kits (Amersham Biosciences, Pittsburg, Pa, USA) 
according to the manufacturer’s instructions. 

Statistical Analysis
SPSS 16.0 statistical software was adopted for data analy-
sis. Kolmogorov–Smirnov (K–S) method and Levene method 
were employed for the homogeneity test of variance and 
normality test, respectively. If the continuous data meet 
the normality and homogeneity of variance, t-test was used 
for comparison of group means; otherwise, non-parametric 
test was applied. The continuous data conforming to the 
normal distribution and skewed data were presented as 
mean ± SD and medians (interquartile range), respectively. 
The categorical data were shown as frequency or percent-
age and were analyzed by χ2 test and Fisher’s exact test. The 
receiver operation characteristic (ROC) curve method was 
used to detect the differences between miR-423-5p and 
traditional biological indicators for predicting HFmrEF, while 
correlation analysis of rank data was conducted by using the 
Spearman rank correlation test. Multiple regression analysis 
was applied in the analysis of factors affecting miR-423-5p 
expression level. P < .05 indicated a statistical significance.

RESULTS

Patient Characteristics
The baseline characteristics of participants were presented 
in Table 1. No significant differences in age, gender, smoking 
history, diabetes, LDL-C, SBP, and DBP were noticed among 
the three groups (P > .05).

Table 1. Clinic Characteristics of Patients in Three Groups

Variables
Cardiac Rehabilitation 

Group (n = 30)
Positive Control Group  

(n = 30)
Negative Control Group 

(n = 30) P
Age (years) (mean ± SD) 64.73 ± 8.81 65.17 ± 8.10 63.93 ± 7.81 .842

Gender, n (%)

Male 15 (50.0) 15 (50.0) 14 (46.7) .957

Female 15 (50.0) 15 (50.0) 16 (53.3)

Smoking, n (%) 17 (56.7) 18 (60.0) 17 (56.7) .955

Diabetes, n (%) 12 (40.0) 14 (46.7) 14 (46.7) .835

LDL-C (mmol/L) 3.28 ± 1.03 3.23 ± 1.00 3.25 ± 1.15 .982

SBP (mmHg) 140.93 ± 24.21 139.30 ± 24.99 140.73 ± 24.10 .961

DBP (mmHg) 80.33 ± 13.83 82.13 ± 16.62 81.67 ± 14.47 .891
LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Cardiac Function Assessment and LVH Degree
New York Heart Association classification results showed 
that most patients (73.3%) in the cardiac rehabilitation and 
positive control groups at baseline were identified as class 
III-IV patients. Moreover, there were no noticeable dif-
ferences in 6MWT scores and left ventricular functional 
parameters between the two groups (P > .05). Notably, the 
treatments led to significant improvements in the NYHA 
classification, 6MWT scores, and left ventricular func-
tional parameters of patients in the two groups (P < .05). 
After the intervention, only 40.0% of patients in the car-
diac rehabilitation group were classified as NYHA class 
III-IV, while the patients of class III-IV accounted for 56.7% 
of cases in the positive control group. Meanwhile, compared 
with the positive control group, significantly more improve-
ments in the 6MWT scores and left ventricular functional 
parameters were detected in the cardiac rehabilitation  
group (P < .05) (Table 2). 

The Expression Levels of HF-Related Factors
From Table 2, both the interventions caused a decrease in 
VEGF and MT1-MMP, but an enhancement in Bcl-2. Patients 
in the cardiac rehabilitation group displayed more obvious 
changes than those in the positive control group (P < .05).

The Expression of Circulating miR-423-5p
As shown in Figure 1, the expression of circulating miR-423-5p 
was noticeably upregulated in cardiac rehabilitation and 
positive control groups compared with the negative control 
group (P < .05). In addition to improving cardiac function, 
both the interventions also downregulated circulating miR-
423-5p level in the blood of patients in the cardiac rehabili-
tation and positive control groups, and the reduction in the 
cardiac rehabilitation group was more significant than that 
in the positive control group (P < .05).

The ROC Curve of Circulating miR-423-5p
To determine whether miR-423-5p and NT-proBNP serve 
as predictive indicators of HFmrEF, the ROC curve was per-
formed in this study. ROC curve analyses identified an AUC 
(the areas under the ROC curve) of 0.785 (95% CI: 0.686-
0.865; P = .005) and 0.721 (95% CI: 0.617-0.811; P = .019) for 
miR-423-5p and NT-proBNP, respectively, suggesting that 
both factors could be valuable biomarkers for distinguish-
ing HFmrEF patients from healthy individuals (Figure 2). 
Moreover, circulating miR-423-5p displayed higher pre-
dictive specificity and accuracy, but lower sensitivity than 
NT-proBNP (Table 3). 

Association of miR423-5p with Risk Factors of HF and LVH

The association of plasma miR-423-5p level with the risk 
factors of LVH and HF was analyzed using multivariate lin-
ear regression model. The analyses revealed that plasma 
miR-423-5p was related to following parameters, includ-
ing NT-proBNP (β = 0.251, 95% CI = 0-0.001, P = .012), 6MWT 
(β = 0.286, 95% CI = 0.001-0.014, P = .024), NYHA (β = 0.257, 
95% CI = 0.006-0.539, P = .045), LVEF (β = 0.324, 95% 
CI = 0.019-0.082, P = .002), LVDD (β = 0.155, 95% CI = 0.002-
0.051, P = .034), and EVS (β = 0.268, 95% CI = 0.032-0.006, 
P = .006) (Table 4).

DISCUSSION

MiR-423-5p plays a key role in cardiac development and 
acts as a biomarker of cardiac injury.9 It can also be used as a 
diagnostic biomarker for HF in dilated cardiomyopathy15 and 
acute HF.16 In the present study, the ROC analysis showed 
that circulating miR-423-5p had better specificity and accu-
racy in response to HFmrEF than NT-proBNP. 

In this study, we detected the blood levels of circulating miR-
423-5p in the participants before and after intervention 

Table 2. Cardiac Function Assessment and LVH Degree of Patients in Two Groups Before and After Treatment

Variables

Cardiac Rehabilitation Group Positive control group

Before Intervention After Intervention P Before Intervention After Intervention P

NYHA, n (%) <.001 .001

 I 0 (0) 5 (16.7) 0 (0) 2 (6.7)

 II 8 (26.7) 13 (43.3) 8 (26.7) 11 (36.7)

 III 12 (40.0) 8 (26.7) 13 (43.3) 13 (43.3)

 IV 10 (33.3) 4 (13.3) 9 (30.0) 4 (13.3)

LVEF 40.00 ± 3.87 50.83 ± 8.45a <.001 40.83 ± 6.37 45.57 ± 5.80 <.001

LVDD 46.83 ± 6.25 39.53 ± 4.58a <.001 44.70 ± 6.09 44.03 ± 5.05 <.001

ESV 63.77 ± 13.75 52.23 ± 12.58a <.001 62.93 ± 13.60 58.93 ± 13.17 <.001

6MWT 394.17 ± 25.02 446.67 ± 35.97a <.001 398.00 ± 25.75 422.33 ± 41.95 <.001

NT-proBNP 1839.60 ± 394.07 915.33 ± 224.35a <.001 1928.77 ± 353.25 1536.23 ± 320.02 <.001

miR-423-5p 2.81 ± 0.85 1.55 ± 0.46a <.001 2.68 ± 0.79 2.04 ± 0.63 <.001

VEGF (ng/L) 146.2 ± 21.8 113.5 ± 19.9a <.001 152.1 ± 20.3 135.2 ± 22.1 <.001

Bcl-2 (ng/mL) 3.2 ± 1.0 6.1 ± 1.2a <.001 3.3 ± 1.2 4.5 ± 1.3 <.001

MT1-MMP (ng/mL) 421.3 ± 63.2 267.4 ± 56.7a <.001 452.7 ± 66.7 375.6 ± 60.5 <.001
aP < .05 versus positive control group.
NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; LVDD, left ventricular end-diastolic dimension; ESV, end-systolic volume; 
6MWT, 6-minute walking test; miR-423-5p, microRNA-423-5p; NT-proBNP, N-terminal pro-B-type natriuretic peptide; VEGF, vascular endothelial 
growth factor; Bcl-2, B-cell lymphoma-2; MT1-MMP, membranetype 1 matrix metalloproteinases.
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and found that miR-423-5p expression was upregulated in 
HFmrEF patients, but downregulated in those with improved 
cardiac function. Multivariate linear regression analysis 
revealed the association between miR-423-5p expression 
and NT-proBNP. These findings showed that miR-423-5p 
could effectively indicate the cardiac function of hyperten-
sive patients. However, a previous study excluded circulating 
miR-423-5p as a biomarker of systemic ventricular function 
after atrial repair in adults with transposition of the great 
arteries.17 The above observations suggest that miR-423-5p 

may only be effective in detecting the cardiac function 
of patients with HF. Consistent with the present study, 
Tijsen et al10 pointed out that serum miR-423-5p level in HF 
patients was higher than that in healthy individuals, while 
being markedly correlated with NT-proBNP level and NYHA 
classification, suggesting that serum miR-423-5p might be a 
potential biomarker of chronic HF (AUC = 0.91). Herein, this 
study showed that miR-423-5p was remarkably associated 
with the NYHA classification and 6MWT scores, as well as 
LVH parameters including LVEF, LVDD, and EVS. Given that 
the left ventricle is the primary target of hypertension end-
organ damage,18 and hypertension often causes LVH and 
secondary HF, our results further demonstrated that miR-
423-5p could be a predictor of HFmrEF.

In this case, compared with the routine treatment only, the 
cardiac rehabilitation combined with the routine treatment 
could better improve cardiac function of HFmrEF patients. 
Besides, similar results were found in the expression levels of 
HF-related factors. In hypertensive patients, reduced car-
diac function was accompanied by marked changes in VEGF, 
Bcl-2, and MT1-MMP. With improved cardiac function and 
decreased miR-423-5p expression level, the above factors 
changed accordingly. Numerous studies have shown that 
MT1-MMP is related to blood pressure and HF, while being 
involved in tissue remodeling and inducing cardiomyocyte 
fibrosis.19 Abnormal regulation of MT1-MMP can lead to colla-
gen accumulation in the extracellular matrix, thereby trigger-
ing myocardial fibrosis.20 Vascular endothelial growth factor, 
a powerful indicator of vascular endothelial permeability 
and proliferation, participates in microvascular remodel-
ing in hypertension. Studies have shown that VEGF expres-
sion in HF patients is noticeably upregulated, which may be  
attributed to impaired endothelial function, blood hyperco-
agulability, and tissue hypoxia.21,22 B-cell lymphoma-2 is an  
anti-apoptotic protein localized in the outer mitochondrial 
membrane and participates in HF progression.23,24 Analysis of 
the expression of VEGF, Bcl-2, and MT1-MMP in this research 
revealed that miR-423-5p was a good predictor of HFmrEF, 
which could accurately indicate an improved cardiac 

Figure  1. Relative expression levels of miR-423-5p in the three groups at baseline and after the treatment. miR-423-5p, 
microRNA-423-5p; aP<.05 vs. before treatment, bP<.05 vs. the positive control group.

Figure  2. The ROC curve analysis of miR-423-5p and 
NT-proBNP for diagnosis of HF secondary to hypertension. 
miR-423-5p, microRNA-423-5p; NT-proBNP, N-terminal 
pro-B-type natriuretic peptide
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function in those patients following cardiac rehabilitation 
treatment. Combined with previous studies, our data sug-
gest that miR-423-5p may induce cardiomyocyte apoptosis 
by regulating the PI3k/AKT pathway25 and inhibiting O-type 
N-acetylglucosaminyltransferase (OGT).26 Meanwhile, car-
diac rehabilitation may improve cardiac function, promote 
physiological structural changes in the heart, and inhibit 
cardiac physiological remodeling27 by regulating endothelial 
progenitor cells via miR-423-5p.28

CONCLUSION

The present study suggests that increased levels of plasma 
miR-423-5p are associated with the risk factors of HFmrEF. 
Cardiac rehabilitation combined with routine treatment 
improves cardiac function of those patients with HF more 
effectively than routine treatment only. Circulating miR-
423-5p could potentially serve as a biomarker for evaluating 
the therapeutic effect of cardiac rehabilitation while being 
valuable in predicting the progression of HFmrEF.

Ethics Committee Approval: Ethical committee approval was 
received from the Ethics Committee of Minzu Hospital of Guangxi 
Zhuang Autonomous Region (approval No: [2020] No. 14).

Informed Consent: The identity of the individuals participating in 
the study is anonymous and confidential, specific informed consent 
was obtained for its publication.

Peer-review: Externally peer-reviewed.

Author Contributions: Y.H. conceived the study concept and design. 
Y.Z. and W.N. were responsible for the data collection. Y.Z. and B.L. 
were taken part in the data analysis and interpretation, while D.Z. 
completed the manuscript writing. All authors critically revised  
the manuscript, and agreed to be fully accountable for ensuring the 
integrity and accuracy of the work, and read and approved the  
final manuscript.

Acknowledgments: None.

Declaration of Interests: The authors declare that they have no con-
flicts of interest with the contents of this article.

Funding: This study was supported by the 2018 Chongzuo Scientific 
Research and Technology Development Plan Project (FA2018017).

REFERENCES

1. Yan H, Ma F, Zhang Y, et al. miRNAs as biomarkers for diagnosis 
of heart failure: A systematic review and meta-analysis. Medi-
cine. 2017;96(22):e6825. [CrossRef]

2. Di Palo KE, Barone NJ. Hypertension and heart failure: preven-
tion, targets, and treatment. Heart Fail Clin. 2020;16(1):99-106. 
[CrossRef]

3. Ajit SK. Circulating microRNAs as biomarkers, therapeutic tar-
gets, and signaling molecules. Sensors (Basel, Switzerland). 
2012;12(3):3359-3369. [CrossRef]

4. Takase  H, Dohi  Y. Kidney function crucially affects B-type 
natriuretic peptide (BNP), N-terminal proBNP and their rela-
tionship. Eur J Clin Investig. 2014;44(3):303-308. [CrossRef]

5. Polakovičová M, Musil P, Laczo E, Hamar D, Kyselovič J. Circulat-
ing microRNAs as potential biomarkers of exercise response. Int 
J Mol Sci. 2016;17(10). [CrossRef]

6. Altana V, Geretto M, Pulliero A. MicroRNAs and physical activity. 
MicroRNA (Shariqah, United Arab Emirates). 2015;4(2):74-85. 
[CrossRef]

7. Zhou  SS, Jin  JP, Wang  JQ, et al. miRNAS in cardiovascular dis-
eases: potential biomarkers, therapeutic targets and chal-
lenges. Acta Pharmacol Sin. 2018;39(7):1073-1084. [CrossRef]

8. Peterlin  A, Počivavšek  K, Petrovič  D, Peterlin  B. The role of 
microRNAs in heart failure: a systematic review. Front Cardio-
vasc Med. 20207:161. [CrossRef]

9. Goldraich LA, Martinelli NC, Matte U, et al. Transcoronary gra-
dient of plasma microRNA 423-5p in heart failure: evidence of 
altered myocardial expression. Biomarkers. 2014;19(2):135-141. 
[CrossRef]

10. Tijsen AJ, Creemers EE, Moerland PD, et al. MiR423-5p as a cir-
culating biomarker for heart failure. Circ Res. 2010;106(6):1035-
1039. [CrossRef]

11. Schuler G, Adams V, Goto Y. Role of exercise in the prevention of 
cardiovascular disease: results, mechanisms, and new perspec-
tives. Eur Heart J. 2013;34(24):1790-1799. [CrossRef]

12. Bakhshayesh S, Hoseini B, Bergquist R, et al. Cost-utility analy-
sis of home-based cardiac rehabilitation as compared to usual 
post-dischargecare: systematic review and meta-analysis of 
randomized controlled trials. Expert Rev Cardiovasc Ther. 
2020;18(11):761-776. [CrossRef]

13. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for 
the diagnosis and treatment of acute and chronic heart failure: 
the Task Force for the diagnosis and treatment of acute and 
chronic heart failure of the European Society of Cardiology 
(ESC). Developed with the special contribution of the Heart 
Failure Association (HFA) of the ESC. Eur J Heart Fail. 
2016;2016(18(8)):891-975. 2016/05/22. [CrossRef]

Table 3. The ROC Curve Characteristics of Two Biological Indicators for Diagnosis of Heart Failure Secondary to Hypertension

AUC 95% CI P Sensitivity (%) Specificity (%)

miR-423-5p 0.785 0.686-0.865 .005 73.33 73.33

NT-proBNP 0.721 0.617-0.811 .019 81.67 63.33
ROC, receiver operating characteristic; miR-423-5p, microRNA-423-5p; NT-proBNP, N- terminal pro-B-type natriuretic peptide; AUC, area under 
the ROC curve.

Table 4. Multiple Linear Regression Analysis of miR-423-5p 
Expression Level with the Parameters of Left Ventricular 
Hypertrophy and Heart Failure

β (95% CI) t P

NT-proBNP 0.251 (0-0.001) 2.614 .012

6MWT 0.286 (0.001-0.014) 2.327 .024

NYHA 0.257 (0.006-0.539) 2.053 .045

LVEF 0.324 (0.019-0.082) 3.204 .002

LVDD 0.155 (0.002-0.051) 2.177 .034

ESV 0.268 (0.032-0.006) −2.884 .006
NT-proBNP, N-terminal pro-B-type natriuretic peptide; 6MWT,  
6-minute walking test; NYHA, New York heart association; LVEF, left 
ventricular ejection fraction; LVDD, left ventricular end-diastolic 
dimension; ESV, end-systolic volume.

https://doi.org/10.1097/MD.0000000000006825
https://doi.org/10.1016/j.hfc.2019.09.001
https://doi.org/10.3390/s120303359
https://doi.org/10.1111/eci.12234
https://doi.org/10.3390/ijms17101553
https://doi.org/10.2174/2211536604666150813152450
https://doi.org/10.1038/aps.2018.30
https://doi.org/10.3389/fcvm.2020.00161
https://doi.org/10.3109/1354750X.2013.870605
https://doi.org/10.1161/CIRCRESAHA.110.218297
https://doi.org/10.1093/eurheartj/eht111
https://doi.org/10.1080/14779072.2020.1819239
https://doi.org/10.1002/ejhf.592


Huang et al. Cardiac Rehabilitation-Regulated miR-423-5p in HFmrEF Anatol J Cardiol 2022; 26: 366-372

372

14. ATS Committee on Proficiency Standards for Clinical Pulmonary 
Function Laboratories. ATS statement: guidelines for the six-
minute walk test. Am J Respir Crit Care Med. 2002;166(1):111-117. 
[CrossRef]

15. Fan KL, Zhang HF, Shen J, Zhang Q, Li XL. Circulating microRNAs 
levels in Chinese heart failure patients caused by dilated cardio-
myopathy. Indian Heart J. 2013;65(1):12-16. [CrossRef]

16. Seronde  MF, Vausort  M, Gayat  E, et al. Circulating microRNAs 
and outcome in patients with acute heart failure. PLoS ONE. 
2015;10(11):e0142237. [CrossRef]

17. Tutarel  O, Dangwal  S, Bretthauer  J, et al. Circulating miR-
423_5p fails as a biomarker for systemic ventricular function in 
adults after atrial repair for transposition of the great arteries. 
Int J Cardiol. 2013;167(1):63-66. [CrossRef]

18. Yildiz M, Oktay AA, Stewart MH, Milani RV, Ventura HO, Lavie CJ. 
Left ventricular hypertrophy and hypertension. Prog Cardio-
vasc Dis. 2020;63(1):10-21. [CrossRef]

19. Spinale FG, Janicki JS, Zile MR. Membrane-associated matrix pro-
teolysis and heart failure. Circ Res. 2013;112(1):195-208. [CrossRef]

20. Lindsey  ML, Iyer  RP, Jung  M, DeLeon-Pennell  KY, Ma  Y. Matrix 
metalloproteinases as input and output signals for post-myo-
cardial infarction remodeling. J Mol Cell Cardiol. 2016;91:134-
140. [CrossRef]

21. Stanek  B, Frey  B, Hülsmann  M, et al. Prognostic evaluation of 
neurohumoral plasma levels before and during beta-blocker 
therapy in advanced left ventricular dysfunction. J Am Coll Car-
diol. 2001;38(2):436-442. [CrossRef]

22. Hazan L, Hernández Rodriguez OA, Bhorat AE, et al. A double-
blind, dose-response study of the efficacy and safety of olme-
sartan medoxomil in children and adolescents with hyperten-
sion. Hypertension (Dallas, Tex: 1979). 2010;55(6):1323-1330. 
[CrossRef]

23. Dong  S, Ma  W, Hao  B, et al. microRNA-21 promotes cardiac 
fibrosis and development of heart failure with preserved left 
ventricular ejection fraction by up-regulating Bcl-2. Int J Clin 
Exp Pathol. 2014;7(2):565-574.

24. Siltanen  A, Kitabayashi  K, Pätilä  T, et al. Bcl-2 improves myo-
blast sheet therapy in rat chronic heart failure. Tissue Eng Part 
A. 2011;17(1-2):115-125. [CrossRef]

25. Zhao M, Xu L, Qian H. Bioinformatics analysis of microRNA pro-
files and identification of microRNA-mRNA network and bio-
logical markers in intracranial aneurysm. Medicine. 
2020;99(31):e21186. [CrossRef]

26. Luo  P, Zhang  W. MicroRNA-423-5p mediates H2O2-induced 
apoptosis in cardiomyocytes through O-GlcNAc transferase. 
Mol Med Rep. 2016;14(1):857-864. [CrossRef]

27. Ramasamy  S, Velmurugan  G, Shanmugha Rajan  K, Rampra-
sath T, Kalpana K. MiRNAs with apoptosis regulating potential 
are differentially expressed in chronic exercise-induced physi-
ologically hypertrophied hearts. PLoS ONE. 2015;10(3):e0121401. 
[CrossRef]

28. Landskroner-Eiger S, Moneke I, Sessa WC. miRNAs as modula-
tors of angiogenesis. Cold Spring Harb Perspect Med. 
2013;3(2):a006643. [CrossRef]

https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1016/j.ihj.2012.12.022
https://doi.org/10.1371/journal.pone.0142237
https://doi.org/10.1016/j.ijcard.2011.11.082
https://doi.org/10.1016/j.pcad.2019.11.009
https://doi.org/10.1161/CIRCRESAHA.112.266882
https://doi.org/10.1016/j.yjmcc.2015.12.018
https://doi.org/10.1016/s0735-1097(01)01383-3
https://doi.org/10.1161/HYPERTENSIONAHA.109.147702
https://doi.org/10.1089/ten.TEA.2010.0205
https://doi.org/10.1097/MD.0000000000021186
https://doi.org/10.3892/mmr.2016.5344
https://doi.org/10.1371/journal.pone.0121401
https://doi.org/10.1101/cshperspect.a006643

