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Abstract. MicroRNAs are associated with myocardial 
damage and heart failure (HF). The present study investi-
gated whether the plasma levels of microRNA (miR)‑21, ‑126 
and ‑423‑5p alter according to the (de)compensated state of 
patients with HF and are associated with all‑cause mortality. 
In 48 patients with HF admitted to the emergency room for 
an episode of acute decompensation, blood samples were 
collected to measure miR and B‑type natriuretic peptide 
levels within 24 h of hospital admission, at the time of hospital 
discharge, and a number of weeks post‑discharge (chronic 
stable compensated state). Levels of miR‑21, miR‑126 and 
miR‑423‑5p increased between admission and discharge, and 

decreased following clinical compensation. During follow‑up 
(up to 48 months), 38 patients (79%) were rehospitalized at 
least once and 21 patients (44%) succumbed. Patients who 
had increased levels of miR‑21 and miR‑126 at the time of 
clinical compensation exhibited better 24‑month survival and 
remained rehospitalization‑free for a longer period compared 
with those with low levels. Additionally, patients whose levels 
of miR‑423‑5p increased between admission and clinical 
compensation experienced fewer hospital readmissions in 
the 24  months following the time of clinical compensa-
tion compared with those who had decreased levels. It was 
concluded that the plasma levels of miR‑21, miR‑126 and 
miR‑423‑5p altered during clinical improvement and were 
associated with the prognosis of acute decompensated HF.

Introduction

MicroRNAs (miRs) are small endogenous non‑coding RNA 
molecules that regulate essential mechanisms for cardio-
vascular development and function, including cell growth, 
differentiation, proliferation and apoptosis (1‑3). Dysregulated 
expression of specific microRNAs leads to the reactivation of 
fetal genes, left ventricular (LV) remodeling and cardiac hyper-
trophy in the failing heart (1,4). As circulating microRNAs are 
stable and likely reflect myocardial damage and ventricular 
remodeling, they may be useful as diagnostic or prognostic 
biomarkers for cardiovascular disorders, including heart 
failure (HF) (4‑6).

Studies have focused on the potential application of 
circulating microRNAs in the diagnosis of HF  (6). Their 
prognostic value was evaluated in clinically stable  (7,8) 
and decompensated (7) outpatients with HF, and in patients 
with HF who improved from New York Heart Association 
(NYHA) class IV to class III (9). A number of investigators 
have additionally reported on the association between circu-
lating miR levels and short‑term outcomes in patients with 
acute decompensated HF (ADHF) (10‑13). Based on findings 
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reported by Qiang et al (8), Fukushima et al (9), Fan et al (14), 
Goren et al (15) and Tijsen et al (16), and considering that 
episodes of ADHF are associated with transient increases 
in the blood levels of markers of cardiac myocyte injury, 
extracellular matrix turnover, and inflammation  (17‑19), 
possibly reflecting an acceleration of pathological myocardial 
remodeling (20), it was decided to measure the plasma levels 
of miR‑21, ‑126 and ‑423‑5p in patients with ADHF at the time 
of hospital admission to determine whether they alter during 
clinical improvement. The present study additionally investi-
gated whether the levels of these three miRs were associated 
with all‑cause mortality for a longer follow‑up period (up to 
48 months).

Materials and methods

Study population. A total of 60 adult patients (age ≥18 years) 
with ADHF admitted to the emergency room of the Hospital de 
Clínicas de Porto Alegre (HCPA; Porto Alegre, Brazil) between 
May 2011 and June 2012 were prospectively enrolled within 24 h 
of admission. Inclusion criteria were a previous diagnosis of HF 
and impaired LV systolic function with a LV ejection fraction 
(LVEF) ≤45%, defined by transthoracic echocardiography. The 
diagnosis of ADHF with volume overload was defined clinically 
by the presence of worsening symptoms of dyspnea, parox-
ysmal nocturnal dyspnea, and/or orthopnea in conjunction with 
clinical signs of circulatory congestion (elevated jugular venous 
pressure, hepatojugular reflux, hepatomegaly and/or peripheral 
edema). Exclusion criteria were as follows: Pregnancy, dialysis, 
moderate to severe aortic stenosis, active malignancy, signifi-
cant renal (creatinine >265.2 µmol/l) or hepatic (cirrhosis or 
active hepatitis) dysfunction, and moderate to severe rheumatic 
disease. Patients with concomitant acute coronary syndromes 
within the previous three months or severe hemodynamic insta-
bility requiring intravenous vasoactive drugs were excluded. 
In addition, patients for whom it was not possible to collect at 
least one additional blood sample after admission (n=12) were 
excluded.

The present study additionally included 17 healthy controls 
without LV dysfunction from the Hemotherapy Division of 
HCPA between February 2013 and February 2015 to consti-
tute a reference group for the determination of the relative 
expression levels of miRs (mean age, 59±10 years; 12 males; 
16 Caucasians) (21). The Research Ethics Committee of HCPA 
approved the research protocol and all subjects provided 
written informed consent (Institutional Review Board 
no. 0000921; study nos. 11‑0016 and 12‑0084).

Data and sample collection. Following enrollment, demo-
graphic, clinical history, comorbidity, echocardiographic, 
electrocardiographic and laboratory data were collected by 
reviewing the patient records. To measure the plasma levels 
of B‑type natriuretic peptide (BNP) and miRs, blood samples 
were collected within the first 24 h of admission at emergency, 
at the time of hospital discharge, and a number of weeks 
post‑discharge (a mean of 4±2 months). The blood sample at 
the third time point was collected during an outpatient visit 
as part of routine clinical care from those who had returned 
to a chronic stable compensated state (clinical compensation). 
The criteria for chronic stable compensation were a lack of 

evidence of volume overload by clinical examination, no 
current need for diuretic adjustment and no hospital admission 
for ADHF within the previous two months.

Of the 60 patients admitted to emergency service and 
initially included in the study, 42 had the second sample 
collected at the time of hospital discharge and 41 had the 
third sample collected a number of weeks after discharge, 
in the chronic compensated state. In total, 48 patients had at 
least two blood samples collected. Among them, 27 had the 
blood samples collected at the three time points. The reasons 
for missing patients during the follow‑up included logistical 
problems collecting blood samples at discharge, new episodes 
of HF decompensation, lack of attendance at regular consulta-
tions, and mortality. Therefore, the findings reported in the 
present study are the result of the data analysis of 48 patients 
from whom at least two blood samples were taken (Fig. 1).

Blood sample preparation and measurement of BNP and miR 
levels. All laboratory analyses were performed by investiga-
tors blinded to clinical data. Blood samples were collected 
in EDTA‑containing tubes and plasma was isolated by 
centrifugation at 453 x g for 15 min at 4˚C within 1 h following 
collection. Plasma samples were frozen at ‑70˚C until the 
assays were performed and subjected to one freeze‑thaw cycle. 
Levels of BNP were measured using a commercially available 
immunoassay kit (Advia Centaur BNP System; Siemens AG, 
Munich, Bavaria, Germany; cat. no. 02816138).

miRs were isolated from 495 µl plasma using the mirVana 
PARIS kit with enrichment for small RNAs (Ambion; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
Following protein denaturation, 50 pM synthetic miR‑39 from 
Caenorhabditis elegans (cel‑miR‑39; Qiagen, Inc., Valencia, 
CA, USA) was spiked‑in (fixed volume of 5 µl) to plasma 
samples to control for technical variations throughout the RNA 
isolation and quantitative procedures. Total RNA concentra-
tion was determined by spectrophotometry (NanoDrop 1000; 
Thermo Fisher Scientific, Inc., Wilmington, DE, USA).

Plasma levels of miR‑21, ‑126 and ‑423‑5p were measured 
by reverse transcription‑quantitative polymerase chain reac-
tion (RT‑qPCR) on the 7500 Real Time PCR System (Life 
Technologies; Thermo Fisher Scientific, Inc.). Reverse tran-
scription reactions were performed using a TaqMan® miR 
RT kit (Life Technologies; Thermo Fisher Scientific, Inc.). 
The reaction mixtures for cDNA synthesis were incubated for 
30 min at 16˚C, 30 min at 42˚C, and 5 min at 85˚C, and then held 
at 4˚C. The PCR amplification reactions were run in triplicate 
using pre‑designed TaqMan® MicroRNA Assays, containing 
specific primers and probes, according to the manufacturer's 
protocol (Life Technologies; Thermo Fisher Scientific, Inc.; 
cat. no.  4427975, assay ID nos.  000200, 000397, 002228 
and 002340 for cel‑miR‑39, hsa‑miR‑21, hsa‑miR‑126 and 
hsa‑miR‑423‑5p, respectively). The PCR conditions were 95˚C 
for 10 min followed by 40 cycles of amplification (95˚C for 
15 sec and 60˚C for 60 sec). Relative expression levels for each 
microRNA were estimated using the 2‑ΔΔCq method (22) using 
cel‑miR‑39 as the reference gene and healthy controls as the 
reference group.

Study end points. Primarily, the present study assessed 
whether the expression of miR‑21, miR‑126 and miR‑423‑5p 
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differed according to the (de)compensated state of patients 
with HF by comparing the plasma levels among the three time 
points. Secondly, the present study evaluated the correlation 
between plasma levels of BNP and miRs. Thirdly, the asso-
ciation between the selected miRs with hospital readmission 
and all‑cause mortality within 24 and 48 months was evalu-
ated. These outcomes were verified by reviewing the hospital 
registry or by telephone contact. Survival data were last 
updated in August 2016.

Statistical analysis. Categorical variables are reported as the 
absolute numbers and percentages. Continuous variables are 
expressed as the mean ± standard deviation, mean ± standard 
error of the mean, or as the median (25th and 75th percentile). 
Plasma levels of BNP and miRs at admission, at discharge and 
following clinical compensation were compared by the gener-
alized estimation equation, and P‑values were adjusted for 
pairwise comparisons by Bonferroni correction. To compare 
the microRNA levels of healthy controls with those estimated 
for patients with HF at each time point, the Kruskal‑Wallis test 
was used followed by Dunn's post‑hoc test. The Shapiro‑Wilk 
test was used to verify whether continuous variables had a 
normal distribution. For the comparison of means between 
two groups and for the correlation analyses, the values of 
non‑normally distributed variables were log‑transformed or 
converted to the square root. Differences between quantitative 
variables across binary clinical categories were assessed using 
the Student's t‑test or the Mann‑Whitney test for the variables 
that were unable to be normalized (sodium, number of hospital 
readmissions, and Δ‑miR, corresponding to the alteration in 
miR levels at clinical compensation compared with admis-
sion). Categorical variables were compared between groups of 
patients with the χ2 test or Fisher's exact test.

Kaplan‑Meier survival analysis was performed to evaluate 
the association between BNP and miRs with all‑cause 
mortality within 24 and 48 months, by grouping the patients 

in two categories according to whether they had levels above 
or below the median. Survival curves were constructed consid-
ering the period between the date of the first admission and 
the last registry of follow‑up or mortality, and were compared 
using the log‑rank test. Statistical analyses were performed 
with the use of the SPSS statistical package (version 18.0) for 
Windows (SPSS, Inc., Chicago, IL, USA) or GraphPad Prism 
(version 6.01) for Windows (GraphPad Software Inc., La Jolla, 
CA, USA). Two‑tailed P<0.05 was considered to indicate a 
statistically significant difference.

Results

Baseline characteristics of study population. The baseline 
characteristics of the 48 patients with ADHF included in the 
present study are presented in Table I. The majority of patients 
were middle‑aged Caucasian males with severe LV dysfunction 
and non‑ischemic etiology (hypertensive, alcoholic, valvular 
or myocarditis). Upon admission for ADHF, all patients were 
diagnosed as NYHA class III or IV. The primary causes of 
the acute decompensation episodes were infection (50%) and 
poor adherence to treatment (35%). The presence of comor-
bidities, including hypertension, ischemic heart disease and 
diabetes mellitus, were additionally prevalent. At discharge, 
all patients were taking diuretics and the majority were taking 
beta‑blockers, angiotensin‑converting enzyme inhibitors and 
digoxin (Table  I). Patients were hospitalized for a median 
length of 7 days (ranging between 1 and 38 days). Patients who 
succumbed within the 24‑month follow‑up exhibited a similar 
baseline profile compared with that observed in those who 
remained alive during this period; the only difference between 
the two groups of patients was the frequency of atrial fibrilla-
tion, which was more prevalent among those who died (Table I).

Plasma levels of BNP and miRs. Fig. 2 illustrates the plasma 
levels of BNP, miR‑21, miR‑126 and miR‑423‑5p in patients 

Figure 1. Flowchart of study recruitment illustrating the number of subjects involved at each stage.
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with ADHF at the time of admission, discharge, and following 
clinical compensation. As hypothesized, BNP levels decreased 
between admission and discharge [Bonferroni‑corrected 
P‑value (Pc)<0.001] and compensation (Pc=0.003) (Fig. 2A). 

The levels of miR‑21 almost doubled between the time of admis-
sion and discharge (1.9‑fold‑change; Pc=0.001), decreasing 
following clinical compensation (0.65‑fold‑change in rela-
tion to discharge; Pc=0.05) (Fig. 2B). The levels of miR‑126 

Table I. Baseline characteristics of patients with acute decompensated heart failure.

	 24‑month survival
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 All patients (n=48)	 Survived (n=37)	 Succumbed (n=11)	 P‑value

Age, years	 62±13	 61±14	 64±10	 0.508
Male	 33 (69%)	 25 (68%)	 8 (73%)	 >0.999
Caucasian	 41 (85%)	 32 (86%)	 9 (82%)	 0.653
Heart failure etiology				  
  Ischemic	 18 (38%)	 14 (38%)	 4 (36%)	 0.643
  Hypertensive	 17 (35%)	 11 (30%)	 6 (54%)	
  Alcoholic	 9 (19%)	 8 (22%)	 1 (9%)	
Clinical conditions at admission				  
  NYHA functional class III/IV	  15 (31%);	  11 (30%);	  4 (36%);	 0.720
	 33 (69%)	 26 (70%)	 7 (64%)	
  Heart rate, bpm	 95±20	 95±20	 94±20	 0.852
  Systolic blood pressure, mmHg	 130±28	 133±29	 122±24	 0.271
  Diastolic blood pressure, mmHg	 85±17	 87±16	 79±18	 0.193
Comorbidities				  
  Hypertension	 36 (75%)	 27 (73%)	 9 (82%)	 0.705
  Previous myocardial infarction	 17 (35%)	 14 (38%)	 3 (27%)	 0.723
  Diabetes mellitus	 24 (50%)	 17 (46%)	 7 (64%)	 0.492
  Chronic renal insufficiency	 11 (23%)	   8 (22%)	 3 (27%)	 0.697
  COPD	 18 (38%)	 14 (38%)	 4 (36%)	 >0.999
  Smoking, past or current	 33 (69%)	 25 (68%)	 8 (73%)	 >0.999
  Alcohol abuse, past or current	 23 (48%)	 18 (49%)	 5 (46%)	 >0.999
Echocardiographic data				  
  LV ejection fraction, %	 26±8	 25±8	 26±10	 0.932
  LV end‑systolic diameter, cm	 5.7±0.9	 5.8±0.9	 5.6±1.1	 0.696
  LV end‑diastolic diameter, cm	 6.5±0.9	 6.5±0.8	 6.4±1.0	 0.564
Electrocardiogram data				  
  Atrial fibrillation	 19 (40%)	 11 (30%)	 8 (73%)	 0.016
  Interventricular block	 19 (40%)	 15 (40%)	 4 (36%)	 >0.999
  QRS duration, msec	 120±26	 122±24	 115±32	 0.451
Laboratory data				  
  BNP at admission, pg/ml	 659 (472‑1,255)	 667 (480‑1,333)	 566 (374‑1,075)	 0.593
  Creatinine, µmol/l	 115±35	 112±42	 114±33	 0.752
  Urea, mmol/l	 20.3±8.4	 19.3±8.4	 23.4±8.2	 0.136
  Sodium, mmol/l	 140±4	 139±4	 140±5	 0.394
  Potassium, mmol/l	 4.2±0.4	 4.2±0.4	 4.2±0.5	 0.987
Medications at discharge				  
  β‑blockers	 38 (79%)	 29 (78%)	 9 (82%)	 >0.999
  ACE inhibitors	 39 (81%)	 31 (84%)	 8 (73%)	 0.409
  Digoxin	 42 (88%)	 32 (89%)	 9 (82%)	 0.609
  Vasodilators	 24 (50%)	 18 (49%)	 6 (54%)	 >0.999

Data are expressed as mean ±  standard deviation, median (25th‑75th percentile), or n (%). NYHA, New York Heart Association; COPD, 
chronic obstructive pulmonary disease; LV, left ventricular; BNP, B‑type natriuretic peptide; ACE, angiotensin‑converting enzyme.
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additionally increased between admission and discharge 
(1.7‑fold‑change; Pc=0.016) (Fig. 2C). miR‑423‑5p expression 
exhibited the most prominent change, increasing between 
admission and discharge (4.1‑fold‑change; Pc<0.001), and 

decreasing following clinical compensation (0.5‑fold‑change 
in relation to discharge; Pc=0.017) (Fig. 2D).

As presented in Fig. 3, there was no correlation between the 
plasma levels of BNP and the three microRNAs at the time of 

Figure 2. Measurement of plasma levels of BNP and miRs. Plasma levels of (A) BNP, (B) miR‑21, (C) miR‑126 and (D) miR‑423‑5p in patients with acute 
decompensated heart failure at the time of admission and discharge, and following clinical compensation. Levels are presented as the mean ± standard error 
of the mean. *P<0.05 vs. admission; #P<0.05 vs. discharge. miR, microRNA; BNP, B‑type natriuretic peptide.

Figure 3. Scatterplots and Pearson correlation coefficients for relative expression levels of miRs with BNP levels in patients with acute decompensated heart 
failure. Relative levels of BNP with (A) miR‑21, (B) miR‑126, and (C) miR‑423‑5p at the time of admission and discharge (D-F) and following clinical 
compensation (G-I), respectively. miR, microRNA; BNP, B‑type natriuretic peptide.
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admission and discharge, and following clinical compensation. 
The levels of miR‑21 and miR‑126 were directly correlated 
over time. At admission, miR‑21 was positively correlated 
with miR‑423‑5p, whereas miR‑126 was inversely correlated 
with miR‑423‑5p following clinical compensation (Table II). 
In addition, healthy controls had higher plasma microRNA 
levels in comparison with ADHF patients at admission and 
after clinical compensation (Fig. 4).

Association between miR levels, and hospital readmission 
and all‑cause mortality. During the 4‑year period following 
the initial admission, 38 patients (79.2%) were rehospitalized 
at least once and 21 patients (43.8%) succumbed. One‑half 
of the patients had up to 36 months of follow‑up treatment 
(ranging between 2 and 63 months). The number of hospital 
readmissions experienced by each patient varied between one 
(n=7) and 42 (n=1); almost 60% of the patients had up to three 
readmissions. In relation to all‑cause mortality, the cumula-
tive rates were, respectively, 23 and 44% at 24 and 48 months 
following initial admission.

A proportion of the patients had levels of BNP (65%), 
miR‑21 (43%), miR‑126 (52%) and miR‑423‑5p (66%) which 
reduced between admission and clinical compensation, 
while the remaining had exhibited increased levels between 
these two time points (Δ‑BNP/Δ‑miR). The alteration in the 
plasma levels of BNP and miRs from initial admission to 
clinical compensation was not significantly different between 
patients who succumbed during the follow‑up and those who 
remained alive (Table III). However, the levels of miR‑21 and 
miR‑126 at the time of clinical compensation were associ-
ated with all‑cause mortality within 24 months following the 
initial admission. Notably, no patient with levels of miR‑21 or 
miR‑126 above the median succumbed (Fig. 5). Patients who 
succumbed within 24 months more frequently exhibited atrial 
fibrillation compared with those who remained alive (Table I), 
and patients with atrial fibrillation had 55% lower miR‑21 
levels at the time of clinical compensation compared with 
those with sinus rhythm (P=0.008).

In addition, patients who had increased levels of miR‑21 
following clinical compensation remained rehospitaliza-
tion‑free for a longer time compared with those in whom 
the levels of miR‑21 were below the median (mean period of 
362 and 181 days, respectively; P=0.034, for the first hospital 
readmission following the day of blood collection at the outpa-
tient clinic). The same finding was observed for the levels 
of miR‑126 (mean period of 423 and 177 days, respectively; 
P=0.028). In addition, patients whose levels of miR‑423‑5p 
increased between admission and clinical compensation expe-
rienced fewer hospital readmissions in the 24‑month period 
following the time of clinical compensation compared with 
those who had decreased levels (median of 0 and 2, respec-
tively; P=0.040).

Discussion

The results of the present study demonstrated that the plasma 
concentrations of miR‑21, ‑126 and ‑423‑5p altered during 
the clinical improvement of patients with HF admitted for an 
episode of acute decompensation, and were associated with 
rehospitalization and all‑cause mortality. A number of studies 

have demonstrated that circulating miR levels in patients 
with stable or acute decompensated HF differ from those in 
control subjects, supporting the concept that they may be used 
as biomarkers for HF diagnosis (6,8,14). The first evidence 
suggesting that circulating miRs may reflect HF severity was 
predominantly based on the observed correlations of the circu-
lating miR levels with BNP/N‑terminal prohormone BNP 
and/or other prognostic clinical parameters, including NYHA 
functional class and LVEF (9,15,16,23). Recently, miR levels 
were observed to be associated with rehospitalization and 
mortality in patients with acute HF (7,11‑13). In the majority 
of these previous studies, circulating levels of miRs were 
measured at one or more time points, at most, within the first 
7 days of the hospital admission, and the prognostic outcomes 
were evaluated after a short‑ or mid‑term follow‑up (7,12,13).

The increase observed in the levels of miR‑21 and 
miR‑423‑5p between hospital admission and discharge in the 
present study appears to contrast with the findings of previous 
studies into the clinical diagnosis of HF, in which the levels of 
miR‑21 and miR‑423‑5p were increased in patients with HF 
compared with controls (6,14). Based on this pattern, it may be 
hypothesized that the miR levels may be reduced during the 
clinical recovery of patients with ADHF. However, the results 
of the present study are in accordance with what is known 
about the pathophysiology of ADHF  (17‑19), with experi-
mental evidence of the pathways regulated by miRs (1‑4,24), 

and with previous clinical studies into the prognosis of ADHF 
that investigated circulating levels of miR‑21, miR‑126 and 
miR‑423‑5p (11,12). These findings suggested that patients 
considered clinically stable in a routine visit to the outpatient 
clinic, although exhibiting low levels of miR‑21, miR‑126 or 
miR‑423‑5p, may be more likely to experience new episodes 
of decompensation in the short‑term.

miR‑21 is expressed in cardiomyocytes, fibroblasts and 
endothelial cells, wherein it regulates apoptosis, fibrosis, 
and cell proliferation and migration, respectively (1). In the 
failing heart, overexpression of miR‑21 in cardiac fibroblasts 
upregulates the RAC‑α serine/threonine‑protein kinase and 

Table II. Pearson correlation coefficients for the relative 
expression levels of miRs in patients with acute decompen-
sated heart failure.

Time point	 miR‑126	 miR‑423‑5p

At admission
  miR‑21	 r=0.54; P<0.001	 r=0.57; P<0.001
  miR‑126	‑	  r=‑0.02; P=0.913
At discharge
  miR‑21	 r=0.76; P<0.001	 r=0.25; P=0.126
  miR‑126	‑	  r=0.02; P=0.901
Following clinical
compensation
  miR‑21	 r=0.70; P<0.001	 r=‑0.26; P=0.115
  miR‑126	‑	  r=‑0.44; P=0.008

miR, microRNA.
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mitogen‑activated protein kinase signaling pathways, leading 
to fibroblast proliferation and fibrosis (1,24,25), which in turn 
impairs ventricular function  (1). However, miR‑21 inhibits 
cellular apoptosis  (1,24,26). During myocardial ischemia, 
miR‑21 is acutely downregulated within the ischemic zone, and 
replenishing its expression reduces the infarct size and delays 
the development of HF (26). These results were corroborated 
by experiments in cardiac myocytes, in which the overexpres-
sion of miR‑21 was demonstrated to inhibit hypoxia‑induced 
apoptosis, while the knockdown of miR‑21 enhanced oxidative 
stress‑induced apoptosis (1,24). As the LV remodeling process 
involves myocyte loss by apoptosis (27), it may be hypoth-
esized that in the initial clinical recovery (between admission 
and the time of hospital discharge), the increased levels of 
miR‑21 observed in the present study contributed to protecting 

patients from acute myocyte loss during the episode of clinical 
decompensation.

In the present study, patients with high levels of miR‑21 
had an improved prognosis compared with those with reduced 
levels. In relation to rehospitalization, the results of the present 
study are consistent with those reported by Seronde et al (12), 
who assessed the plasma levels of miR‑21, miR‑126 and 
miR‑423‑5p in patients with acute HF. Levels of miR‑21 were 
similar among patients with acute dyspnea (acute HF and 
non‑acute HF) and patients with stable chronic HF. A subgroup 
of patients with acute HF had their miR levels measured at 
the time of admission and 5 days subsequently. Although the 
levels of miR‑21 remained unaltered, they were decreased 
in patients who were readmitted in the year following the 
initial hospitalization compared with patients who were not. 

Table III. Delta values of BNP and microRNAs according to all‑cause mortality.

All‑cause mortality	 Δ‑BNP	 Δ‑miR‑21	 Δ‑miR‑126	 Δ‑miR‑423‑5p

Within 24 months				  
  Yes (n=8)	‑ 328 (‑1605‑19)	‑ 0.05 (‑0.17‑0.15)	‑ 0.06 (‑0.19‑0.01)	 0.01 (‑0.21‑1.11)
  No (n=32)	‑ 347 (‑935‑208)	 0.11 (‑0.16‑0.33)	 0.07 (‑0.10‑0.38)	‑ 0.17 (‑0.30‑0.57)
  P‑value	 0.710	 0.507	 0.146	 0.284
Within 48 months				  
  Yes (n=18)	‑ 238 (‑1104‑276)	 0.11 (‑0.15‑0.47)	‑ 0.05 (‑0.13‑0.34)	‑ 0.15 (‑0.35‑0.75)
  No (n=22)	‑ 433 (‑1025‑15)	 0.04 (‑0.16‑0.29)	 0.07 (‑0.10‑0.24)	‑ 0.16 (‑0.23‑0.78)
  P‑value	 0.664	 0.465	 0.515	 0.643

Data are presented as the median (25th‑75th percentile). Δ‑BNP and Δ‑miRs represent the alteration in the plasma levels at the time of clinical 
compensation compared with initial admission. BNP, B‑type natriuretic peptide; miR, microRNA.

Figure 4. Analysis of plasma levels of miRs. Plasma levels of (A) miR‑21, (B) miR‑126 and (C) miR‑423‑5p in healthy controls compared with patients with 
acute decompensated heart failure at the time of admission and discharge, and following clinical compensation. Dispersion bars represent the standard error 
of the mean. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. miR, microRNA.
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In relation to mortality, plasma levels of miR‑21 were similar 
between patients who survived and patients who succumbed 
within the 1 year of follow‑up. In the genome‑wide expression 
study reported by Cakmak et al (7), plasma levels of miR‑21 in 

patients with systolic HF were not associated with rehospital-
ization or cardiovascular mortality at 6 months of follow‑up. 
In the present study, however, patients who succumbed during 
a 24‑month follow‑up period had ~2‑fold lower plasma levels 

Figure 5. Kaplan‑Meier survival curves for 24 and 48‑month mortality. Kaplan‑Meier survival analysis was performed according to the levels of BNP at (A) 24 
and (B) 48 months, miR‑21 at (C) 24 and (D) 48 months, miR‑126 at (E) 24 and (F) 48 months, and miR‑423‑5p at (G) 24 and (H) 48 months, at the time of 
clinical compensation. Survival curves illustrate the comparison between patients with plasma values above the median and those with plasma values below 
the median. miR, microRNA; BNP, B‑type natriuretic peptide.
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of miR‑21 at the time of clinical compensation and more 
frequently exhibited atrial fibrillation compared with those 
who survived. The present results are in accordance with the 
findings reported by McManus et al (28) in a study popula-
tion composed predominantly of middle‑aged Caucasian men. 
The authors observed that subjects with atrial fibrillation had 
2.1‑fold lower plasma levels of miR‑21 compared with controls, 
and that miR‑21 expression increased by 3.4‑fold following 
catheter ablation (28).

The endothelial cell‑enriched miR‑126 is highly expressed 
in the heart (26), where it maintains endothelial cell homeostasis 
and vascular integrity by enhancing angiogenesis. miR‑126 is 
able to inhibit inflammation and atherosclerosis, leading to the 
recruitment of progenitor cells to repair the endothelial cells. 
In addition to its intracellular action, miR‑126 exerts paracrine 
effects through the release of miR‑126‑containing micropar-
ticles, apoptotic bodies or exosomes (1,2). In patients with HF, 
impaired angiogenesis leads to alterations in the extracellular 
matrix that contribute to the LV remodeling process (27). As 
miR‑126 is essential for ischemia‑induced angiogenesis (1,2), 
patients with HF may be expected to have lower circulating 
miR‑126 levels. Indeed, it has been demonstrated that the 
circulating levels of miR‑126 are decreased in patients with 
ischemic systolic HF compared with control subjects (9,15), 
in addition to in patients with acute HF compared with those 
with stable HF (12). In 10 patients with HF, the plasma concen-
trations of miR‑126 were assessed twice (when the patients 
were at NYHA functional class IV and when they improved 
to class III). As the clinical condition improved, plasma 
concentrations of miR‑126 were upregulated (9). In rats with 
hypertension‑induced HF, the plasma levels of miR‑126 were 
increased in response to therapeutic treatment (29). In rela-
tion to prognosis, low levels of miR‑126 were associated with 
readmission in the year following the initial hospitalization in 
acute HF (12), and with increased risk of cardiovascular death 
in patients with chronic HF of ischemic etiology followed‑up 
for 24 months (8). These findings are similar to those obtained 
in the present study, as the levels of miR‑126 increased between 
the time of initial admission and discharge, and patients with 
low levels of miR‑126 had a worse prognosis compared with 
those with high levels.

A study by Tijsen et al (16) demonstrated that the plasma 
levels of miR‑423‑5p were able to be used to distinguish patients 
with HF from patients with dyspnea attributable to other 
causes and healthy controls. Similar results were observed in 
different populations, in which circulating miR‑423‑5p levels 
were increased in patients with HF compared with healthy 
subjects (14,15,21,30‑32). A previous study demonstrated a 
positive transcoronary gradient of plasma miR‑423‑5p in stable 
outpatients with HF, whereas a negative gradient was identi-
fied in subjects without structural cardiac disease, thereby 
suggesting that miR‑423‑5p may be of cardiac origin (33). 
Recently, the function of miR‑423‑5p began to be elucidated. 
Transfection experiments demonstrated that overexpression 
of miR‑423‑5p inhibited the proliferation and induced the 
apoptosis of human cardiomyoblasts (30) and murine cardio-
myocytes via upregulation of p53 and caspase‑3 (31).

However, in the context of the prognosis of acute HF in 
humans, decreased expression of miR‑423‑5p appears to be 
associated with the severity of HF and poor outcomes. In the 

report by Seronde et al (12), patients with acute dyspnea (with 
or without acute HF) had lower levels of miR‑423‑5p compared 
with those with stable HF. The levels upon admission of this 
miR were lower in patients who were readmitted to the hospital 
in the year following the initial hospitalization, compared with 
the patients who were not. In this same cohort, plasma levels 
of miR‑423‑5p were similar between patients who survived 
and those who succumbed within the 1 year of follow‑up. In 
another cohort of patients with acute HF from the same study; 
however, low admission levels of miR‑423‑5p were associated 
with an increased risk of mortality (12). Similarly, circulating 
levels of 12 miRs, including miR‑423‑5p, were observed to be 
lower in acute HF (from three different cohorts) compared with 
chronic HF, acute exacerbation of chronic obstructive pulmo-
nary disease and healthy controls (11). In one of the cohorts 
of acute HF, the levels of miRs were evaluated at four time 
points (at admission, and at 24 h, 48 h and 7 days following 
admission). In another cohort, their levels were measured at 
discharge and 6 months post‑hospitalization. The lowest levels 
of miR‑423‑5p were observed in the period between admis-
sion and discharge. The levels increased and converged at 
6 months towards the levels observed in patients with chronic 
HF and healthy controls. Additionally, further‑decreasing 
levels of miR‑423‑5p within 48 h following hospital admis-
sion for acute HF were predictive of 180‑day mortality (11). 

The results of the present study corroborated these previous 
studies (11,12), as plasma levels of miR‑423‑5p increased from 
the time of admission until discharge, decreasing following 
clinical compensation. In the following 24 months, patients 
with low levels of miR‑423 had a worse prognosis in terms 
of rehospitalization compared with those with high levels. 
These findings led to the hypothesis that miR‑423‑5p may 
reflect additional cardiomyocyte death occurring subsequent 
to multiple episodes of decompensation.

The findings of the present study and previous 
reports (7,11,12) support the hypothesis that miR‑21, ‑126, and 
‑423‑5p may be useful as prognostic biomarkers of ADHF. 
Although the origin and the function of circulating miRs are 
not completely understood, an increasing number of studies 
have demonstrated that miRs are more than by‑products of 
cellular injury, being actively secreted by cells and exerting 
paracrine effects (34,35). However, it is important to understand 
that levels of plasma miRs fluctuate according to HF clinical 
status (stable chronic HF, ADHF admission, ADHF discharge 
and early compensated period), a concept that has not been 
considered in previous studies. In addition, pre‑clinical studies 
in HF models revealed the potential of microRNA‑based 
therapies to improve cardiac function, increase survival rates 
and reduce cardiac remodeling (34‑36). Overall, this evidence 
suggested that circulating levels of miRs may help to identify 
patients who are at risk of poor outcomes and may even guide 
pharmacological therapy. However, findings from previous 
studies (7,11‑13) and from the present cohort are insufficient 
to establish a cause and effect association. Consequently, it is 
too early to determine whether alterations in the expression 
of miRs during episodes of decompensation and clinical 
recovery are a consequence or a trigger of the functional and 
cellular alterations that occur in the failing myocardium.

The results of the present study may be interpreted in the 
light of certain logistical limitations. It was not possible to 
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collect three blood samples from all patients included in the 
study, thus limiting the sample size and consequently the power 
of the observed associations. For the same reason, it was not 
possible to determine whether the associations detected were 
independent of clinical covariates, such as atrial fibrillation. 
Additionally, the selection of the three miRs investigated in 
the present study was based on intellectual choice rather than 
on genome‑wide gene expression profiling. When the present 
study was designed, few reports had been published on circu-
lating miRs in decompensated HF (9,16). Among the miRs 
investigated in cardiovascular disorders, miR‑21, miR‑126 and 
miR‑423‑5p were recurrently observed to be dysregulated in 
atherosclerosis, acute coronary syndromes and HF (4‑6). These 
miRs were selected as they are associated with cardiac myocyte 
injury, extracellular matrix turnover and inflammation (1‑4,24), 
all of which are characteristic of HF decompensation (17‑19). 
Despite these limitations, the present analysis is novel in the 
context of assessing the association between circulating miRs 
and the prognosis of ADHF in three different clinical scenarios 
in the same patients followed‑up for a long period.

In conclusion, in the present prospective cohort study 
of patients admitted with ADHF, plasma levels of miR‑21, 
miR‑126 and miR‑423‑5p altered over time with clinical 
improvement, and low levels of these miRs were associated 
with poor outcomes (rehospitalization and all‑cause mortality). 
The results of the present study confirm and expand the results 
from previous studies into ADHF, supporting the concept that 
plasma levels of miRs alter with HF progression and may have 
prognostic value.
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