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Circulating miR- 19b- 3p as a Novel 
Prognostic Biomarker for Acute Heart 
Failure
Yang Su , MD, PhD*; Yuxi Sun, MD*; Yansong Tang, MD; Hao Li, MD, PhD; Xiaoyu Wang, MD; Xin Pan, MD; 
Weijing Liu, MD, PhD; Xianling Zhang, MD, PhD; Fenglei Zhang, MD; Yawei Xu, MD, PhD; Chunxi Yan, MD; 
Sang- Bing Ong , PhD; Dachun Xu , MD, PhD

BACKGROUND: Circulating microRNAs are emerging biomarkers for heart failure (HF). Our study aimed to assess the prognostic 
value of microRNA signature that is differentially expressed in patients with acute HF.

METHODS AND RESULTS: Our study comprised a screening cohort of 15 patients with AHF and 5 controls, a PCR- discovery 
cohort of 50 patients with AHF and 26 controls and a validation cohort of 564 patients with AHF from registered study 
DRAGON- HF (Diagnostic, Risk Stratification and Prognostic Value of Novel Biomarkers in Patients With Heart Failure). Through 
screening by RNA- sequencing and verification by reverse- transcription quantitative polymerase chain reaction, 9 differentially 
expressed microRNAs were verified (miR- 939- 5p, miR- 1908- 5p, miR- 7706, miR- 101- 3p, miR- 144- 3p, miR- 4732- 3p, miR- 
3615, miR- 484 and miR- 19b- 3p). Among them, miR- 19b- 3p was identified as the microRNA signature with the highest fold- 
change of 8.4 and the strongest prognostic potential (area under curve with 95% CI, 0.791, 0.654– 0.927). To further validate 
its prognostic value, in the validation cohort, the baseline level of miR- 19b- 3p was measured. During a follow- up period of 19.1 
(17.7, 20.7) months, primary end point comprising of all- cause mortality or readmission due to HF occurred in 48.9% patients, 
while patients in the highest quartile of miR- 19b- 3p level presented the worst survival (Log- rank P<0.001). Multivariate Cox 
model showed that the level of miR- 19b- 3p could independently predict the occurrence of primary end point (adjusted hazard 
ratio,1.39; 95% CI, 1.18– 1.64). In addition, miR- 19b- 3p positively correlated with soluble suppression of tumorigenicity 2 and 
echocardiographic indexes of left ventricular hypertrophy.

CONCLUSIONS: Circulating miR- 19b- 3p could be a valuable prognostic biomarker for AHF. In addition, a high level of circulating 
miR- 19b- 3p might indicate ventricular hypertrophy in AHF subjects.

REGISTRATION: URL: https://www.clini caltr ials.gov. Unique Identifier: NCT03727828.
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Acute heart failure (AHF) is a severe cardiac syn-
drome that carries a high risk of hospital read-
mission and mortality. Predicting the outcome 

of patients with AHF has been a challenging task. 
Although various circulating peptides, such as natri-
uretic peptides, have been shown to facilitate the diag-
nosis and guidance of short and long term therapy in 

patients with AHF their drawbacks limit their potential 
as prognostic biomarkers. Recently, microRNAs (miR-
NAs) have been gaining attention due to their promis-
ing role as potential biomarkers for stratifying patients 
with cardiac diseases.1

miRNAs are small non- coding RNAs that orches-
trate homeostasis through acting on post- transcription 
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process. Due to their considerable stability, circulating 
miRNAs have been promoted as ideal biomarkers for 
heart failure (HF).2,3 Moreover, as miRNAs regulate var-
ious biophysiological processes, the presence of cer-
tain miRNAs can be harnessed to identify particular 
types of HF such as ischemic HF,4,5 systolic HF,6 HF 
with preserved ejection fraction (HFpEF),7 and HF due 
to dilated cardiomyopathy.8 Hence, miRNAs are prom-
ising indicators for the risk stratification and prognosis 
of HF.

In recent years, over ten miRNAs that play a diag-
nostic and prognostic role in AHF subjects have been 
identified,9 and some of them could indeed uncover 
the underlying mechanisms contributing to AHF. For 
instance, an aberrant miR- 22 level could indicate the 
disturbance of calcium homeostasis and myofilament 
protein content under stress,10 and levels of miR- 21 
and miR- 30a/b could indicate the severity of acute 

kidney injury.11,12 Therefore, further investigations of 
miRNAs are warranted to unravel the mechanisms and 
optimize the management of HF.

The present study was aimed at exploring circulating 
miRNAs associated with AHF using RNA- sequencing 
and identifying the miRNA signature for prognosis. We 
then validate its prognostic potential in a prospective 
cohort incorporating 564 patients with AHF and inves-
tigate its clinical relevance with serological and echo-
cardiographical measurements.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Patient Recruitment
The study design is illustrated in Figure  1. Three in-
dependent cohorts were built for screening, PCR- 
discovery of miRNA candidates, and validation of the 
miRNA signature. (1) The screening cohort comprised 
15 patients with AHF and 5 control subjects; (2) the 
PCR- discovery cohort comprised 50 patients with AHF 
and 26 control subjects; (3) the prospective validation 
cohort comprised 564 patients with AHF from regis-
tered DRAGON- HF (Diagnostic, Risk Stratification and 
Prognostic Value of Novel Biomarkers in Patients With 
Heart Failure) study (ClinicalTrials.gov, NCT03727828). 
The diagnosis of AHF was in accord with 2016 ESC 
Guidelines of HF, all patients were consecutively en-
rolled and received standard- of- care according to the 
guidelines.1

Inclusion criteria for the validation cohort were as fol-
low: (1) at least 18 years of age; (2) admission for di-
agnosed AHF (New York Heart Association [NYHA] 
classification from II to IV); (3) acquired consent form. 
Patients were excluded if complicated with one of 
the following: (1) acute myocardial infarction; (2) acute 
pulmonary embolism; (3) acute stroke; (4) preexisting 
organ failure (chronic cirrhosis, uremia, or end- stage 
cancer); (5) pregnancy.

This study complies with the Declaration of Helsinki, 
and has been approved by the local Ethics Committee. 
All participants have signed informed consent forms.

Data Collection
Demographic characteristics, medical history, 
and medication were determined at admission. 
Transthoracic echocardiography was performed by an 
experienced echocardiologist within 24  hours of ad-
mission. Echocardiographic parameters including left 
ventricular end- diastolic diameter (LVeDD), left ven-
tricular end- systolic diameter (LVeSD), interventricular 
septal thickness (IVST) and left ventricular posterior 

CLINICAL PERSPECTIVE

What Is New?
• miR- 19b- 3p is identified as a novel prognos-

tic microRNA signature for acute heart failure 
population.

• The baseline level of miR- 19b- 3p was strongly 
correlated with echocardiographic indexes of 
left ventricular hypertrophy and the fibrosis- 
related biomarker soluble suppression of tumo-
rigenicity 2.

What Are the Clinical Implications?
• The expression level of miR- 19b- 3p at the onset 

of acute heart failure could predict the prog-
nosis and function as a potential biomarker for 
stratification of patients with acute heart failure.

• The association of miR- 19b- 3p with hyper-
trophic and fibrosis indexes prompts for further 
investigations to reveal the pathogenesis of 
acute heart failure.

Nonstandard Abbreviations and Acronyms

AHF acute heart failure
HFpEF heart failure with preserved ejection 

fraction
IVST interventricular septal thickness
LVMI left ventricular mass index
LVPWT left ventricular posterior wall thickness
NYHA New York Heart Association
sST2 soluble suppression of tumorigenicity 2
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wall thickness (LVPWT) were measured by two ex-
perienced physicians using MyLab 30 CB machine 
(ESAOTE SPA) according to the recommendations of 
the American Society of Echocardiography and the 
European Association of Echocardiography.13 Left 
ventricular mass index (LVMI) was calculated by the 
formula: LVMI (g/m2)=(0.8×1.04×((LVeDD+LVPWT+IVS
T)3−(LVeDD)3)+0.6)/BSA (body surface area, m2).

Subjects of PCR- discovery cohort were scheduled 
to have 1- year follow- up. And subjects of validation co-
hort underwent scheduled follow- up in the third, sixth, 
twelfth month, and every year since then. The primary 
end point was the composite of all- cause mortality 
and re- admission due to HF. At every scheduled fol-
low- up or readmission, medical history and physical 
examination were taken by experienced physicians, 
and electrocardiography and blood samples were 

collected. Other examinations were conducted as 
deemed necessary.

Serological Measurements
Baseline blood samples were obtained on admis-
sion prior to any treatment. Venous blood samples 
were collected for detection of soluble suppression 
of tumorigenicity 2 (sST2), NT- proBNP (N- terminal 
pro brain natriuretic peptide), and other biochemi-
cal indicators. NT- proBNP level was measured by an 
automated electrochemiluminescence immunoas-
say (Elecsys proBNP II assay). The remaining blood 
samples were centrifuged by two- step method (4 °C 
at 820×g for 10  minutes, then 4 °C at 16000×g for 
10  minutes)14 and the supernatant was preserved at 
−80 ℃ with RNase/DNase- free tubes for further miR-
NAs and sST2 detection. sST2 levels were detected 

Figure 1. Flow chart of the study.
AHF indicates acute heart failure; NYHA, New York Heart Association; ROC, receiver operating 
characteristics; and RT- qPCR, Quantitative Real- time Polymerase Chain Reaction.
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using Human ST2/IL- 33R Quantikine ELISA Kit (R&D 
Systems, Minneapolis, MN).15 The sST2 level of patients 
were calculated from the mean value of two repeated 
measurements of blood sample. Total RNAs were ex-
tracted from serum samples of screening cohort pa-
tients, and RNA- sequencing was performed to figure 
out differentially expressed miRNAs. Confirmation and 
validation of candidate miRNAs were accomplished 
by using real- time polymerase chain reaction (PCR) in 
PCR- discovery and validation cohort. (The description 
in details for miRNA profiling, PCR detection, primer 
sequences and bioinformatic analysis were showed in 
Data S1 and Table S1 with references [16– 23] cited in 
the order as in the main manuscript).

Statistical Analysis
Bioinformatics Analysis of RNA- Sequencing 
Data

In the screening process, false discovery rate <0.01 
and fold change >2 are taken as the screening crite-
ria by default. In total, 20 up- regulated and 20 down- 
regulated miRNAs with the most significant difference 
(P value <0.05) in expression were selected. Based 
on GO and KEGG databases, the miRNAs involving 
in pathophysiological processes of cardiovascular dis-
eases were selected for PCR verification. For miRNA 
verified in the PCR- discovery cohort, the diagnostic 
and prognostic power were assessed by receiver- 
operator characteristics (ROC) analysis. To better 
quantitatively identify the miRNA signature that has 
the highest diagnostic and prognostic power, the area 
under curve (AUC) was compared among candidates. 
Subsequently, the signature was adopted for further 
validation.

Clinical Data Analysis

Descriptive statistics were obtained for all study varia-
bles. Continuous data were expressed as mean±SD or 
median with interquartile range. Categorical data were 
expressed as proportions. All continuous variables 
were compared using the t- test or the Mann- Whitney 
U- test if appropriate. Categorical variables were ana-
lyzed for the study outcome by Fisher exact test or χ2 
test. Logarithmic transformation was applied for varia-
bles including NT- proBNP, sST2, and miRNAs in order 
to conform normal distribution. To validate the prog-
nostic value of the signature and compare with other 
biomarkers, and further investigate the underlying as-
sociation, survival analysis was adopted for validation.

The validation cohort was divided into four quar-
tiles based on the baseline level of the miRNA sig-
nature. Clinical measurements were compared 
among four quartiles using analysis of variance if 

data complied normal distribution with homogene-
ity of variance or sign rank test if not. The associ-
ations of miR- 19b- 3p with clinical measurements 
was analyzed by Pearson correlation and Spearman 
rank correlation analysis. The prognosis among four 
quartiles was assessed by survival analysis using 
Kaplan- Meier estimate and P- value was generated 
by Log- Rank test. Besides, univariate and multivari-
ate Cox proportional hazard models were applied to 
evaluate the prognostic value, and the hazard ratio 
with corresponding 95% CI was calculated for inves-
tigating the risk factors of the primary end point. The 
multivariate model was adjusted for age, sex, body 
mass index, systolic blood pressure, NT- proBNP, 
atrial fibrillation history, coronary heart disease his-
tory, diabetes history, and estimated glomerular fil-
tration rate.

Clinical data were analyzed using SPSS version 
25.0 (IBM Corp) and Graphpad Prism 8.0.1 (GraphPad 
Software, San Diego, CA). For all the statistical analy-
ses, 2- sided P<0.05 was considered significant.

RESULTS
miRNAs Expression Profile in the 
Screening Cohort
In the screening phase, demographic characteristics 
were almost similar between 15 patients with AHF and 
5 controls. However, patients with AHF had distinctly 
higher NT- proBNP level (2521.0 versus 78.0  ng/L, 
P<0.001), worse cardiac function (left ventricular ejec-
tion fraction, 28.7±7.9% versus 65.4%±2.6%, P<0.001), 
worse renal function (estimated glomerular filtration 
rate 76.4±24.4 versus 107.7±22.5  mL/min×1.73  m2, 
P=0.021), and lower high density lipoprotein lev-
els (1.02±1.17 versus 1.71±0.33  mmol/L, P=0.004) 
(Table S2).

RNA- sequence analysis documented that a portion 
of miRNAs had a strong positive correlation between 
patients with AHF and controls (Figure S1A). As we dis-
played overall P- value (Figure S1B), 218 miRNAs were 
differentially expressed in patients with AHF. Eventually, 
40 miRNA candidates (20 up- regulated and 20 down- 
regulated) with the highest fold- change were screened 
for validation (Figure S1C and S1D).

Verification of miRNA Expression and 
Identification of miRNA Signature
qPCR of the 40 selected miRNAs was undertaken 
with circulating RNA obtained from the PCR- discovery 
cohort composed of 50 patients with AHF and 26 
health controls (Table  S2). This cohort has an aver-
age age of 66.7±11.1 years old, and the proportion of 
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women was 69.3%. Among these, a total of 9 miRNAs 
(miR- 939- 5p, miR- 1908- 5p, miR- 4732- 3p, miR- 7706, 
miR- 3615, miR- 484, miR- 19b- 3p, miR- 101- 3p, and 
miR- 144- 3p) were successfully validated and showed 
significantly different expression level (Figure 2). miR- 
19b- 3p presented the highest level of up- regulation 
(fold change=8.4). ROC curve showed that all 9 vali-
dated miRNAs could discriminate patients with AHF 
from controls, and miR- 19b- 3p had the highest AUC 
value of 0.753 (Figure 3).

To preliminarily evaluate the prognostic potential of 9 
miRNAs candidates, ROC analysis for the occurrence 
of end point events was performed (Figure 4). Three 
miRNAs showed significant P- value (miR- 19b- 3p, miR- 
484 and miR- 3615), and miR- 19b- 3p presented the 
strongest power for discriminating patients with AHF 
who had occurrence of events from those had not. 
Therefore, miR- 19b- 3p was identified as the miRNA 
signature and underwent further validation.

Validation of miR- 19b- 3p in the Validation 
Cohort
The clinical significance of miR- 19b- 3p was further 
evaluated in the validation cohort. A total of 564 pa-
tients with AHF were divided into 4 quartiles accord-
ing to the baseline level of miR- 19b- 3p. As shown in 
Table, the validation cohort was composed of more 
men (64.5%), and the median age was 69.0 [62.0, 77.0] 
years old. Demographic characteristics and medi-
cation at discharge (shown in Table  S3) were similar 
among 4 groups.

In further investigating the clinical relevance of miR- 
19b- 3p, we found significant positive correlations with 
serum sST2 (r=0.583) and echocardiographic indexes 
of left ventricular hypertrophy including IVST (r=0.437), 
LVPWT (r=0.285) and LVMI (r=0.492). However, no sig-
nificant correlation was found between miR- 19b- 3p 
and NT- proBNP, left ventricular ejection fraction 
(Figure S2).

To validate the prognostic value of miR- 19b- 3p, oc-
currence of clinical events were compared among 4 
quartiles of the cohort. Figure 5 shows the differences 
in occurrence of the primary end points (all cause- 
mortality or HF readmission) among patients in differ-
ent quartiles of baseline miR- 19b- 3p levels. Through a 
follow- up period of 19.1 [17.7, 20.7] months, the event- 
free survival worsened from Q1 to Q4. A count of 83 
out of 141 patients with AHF of Q4 reached primary 
end point, presenting the worst survival among 4 quar-
tiles (Log- Rank P<0.001).

Subsequently, multivariate Cox proportional hazard 
model showed that baseline miR- 19b- 3p levels could 
predict the occurrence of the primary end points in 
overall population [hazard ratio, 1.39; 95% CI, 1.18– 
1.64] (Figure 6).

DISCUSSION
This is a large cohort study investigating the profil-
ing of miRNA among 564 patients with AHF in China. 
The salient findings from this study include detection 
of miR- 19b- 3p as the most abundantly expressed 
miRNA among patients with AHF and the fact that miR- 
19b- 3p achieved the highest prognostic value for pri-
mary cardiovascular events among patients with AHF. 
Furthermore, independent positive associations were 
found between circulating miR- 19b- 3p and serum 
sST2, LVMI, IVST and LVPWT in the AHF cohort, which 
implied a positive association between miR- 19b- 3p 
and ventricular hypertrophy.

In recent decades, multiple miRNAs have been 
identified as biomarkers for AHF diagnosis or progno-
sis. 5 up- regulated miRNAs, including miR- 150- 5p,24 
miR- 1306- 5p,25 miR- 92b- 5p,26 miR- 302 family,27 and 
miR- 499,28 and 7 down- regulated miRNAs, includ-
ing miR- 7i- 5p, miR- 18a- 5p, miR- 18b- 5p, miR- 223- 3p, 
miR- 301a- 3p, miR- 423- 5p, and miR- 652- 3p9 have 
been previously identified. A growing number of miR-
NAs were found to play important roles in the patho-
genesis of AHF, although not much is known about 
their association with different clinical features. In the 
present study, we identified the novel circulating miR- 
19b- 3p that not only diagnose AHF, but also revealed 
its positive association with LV hypertrophy indices 
and cardiac fibrosis biomarker sST2. This suggests 
that an elevation of circulating miR- 19b- 3p could indi-
cate fibrogenetic and hypertrophic responses in AHF 
subjects, which could exacerbate the condition of AHF.

miR- 19b- 3p belongs to the miRNA cluster miR- 
17- 92, which is an important modulator in heart dis-
eases.29 In the in vitro studies, it had been illustrated 
that miR- 19b- 3p participated in the cardiac fibrosis 
process through modulating transforming growth 
factor- beta pathway and phosphatase and tensin 
homologue gene expression. Zou et al found that 
over- expressed miR- 19a- 3p/19b- 3p in human car-
diac fibroblasts could reduce transforming growth 
factor- beta signaling by targeting transforming growth 
factor- beta receptor II mRNA, and therefore inhibit 
autophagy- mediated fibrogenesis.30 Another study 
by Zhong et al explored that over- expressed miR- 
19b- 3p in rat cardiac fibroblast could promote pro-
liferation and migration fibroblast by down- regulating 
phosphatase and tensin homologue expression.31 In 
the in vivo studies, Fang et al have demonstrated in 
humans that circulating miR- 19b- 3p could indicate 
diffused cardiac fibrosis -  a pivotal pathophysiological 
alteration of HF,32,33 as confirmed by cardiac magnetic 
resonance.34 In the present study, circulating miR- 
19b- 3p was proposed to have a significant positive 
correlation with cardiac fibrosis biomarker sST2.35 
Moreover, we identified that circulating miR- 19b- 3p 
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Figure 2. Relative expression of 9 verified miRNAs between patients with AHF and control.
miRNA candidates were verified in 50 AHFs and 26 controls by real- time quantitative polymerase chain reaction. Out of 40 candidates, 
9 were verified with significant differential expression and miR- 19b- 3p presented the highest relative expression fold- change of 8.4. 
AHF indicates acute heart failure.
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levels are positive related to LV hypertrophy indices. 
The enumerated researches on regulating role of 
miR- 19b- 3p about cardiac fibrosis provided solid evi-
dences to support our finding mentioned above from 
a molecular biological perspective.

Besides fibrosis, miR- 19b- 3p modulates various 
pathophysiological processes that influence cardiac 
metabolism as demonstrated in the settings of di-
abetic cardiomyopathy,36 vascular smooth muscle 
cell proliferation,37 angiogenesis in endothelial cells 

of coronary artery,38 and inhibition of renal fibrosis.39 
Both endothelial dysfunction and RAAS activation by 
renal remodeling have been demonstrated to deterio-
rate cardiac failing. Moreover, our clinical evidence also 
indicates that miR- 19b- 3p predict worsened outcome 
of patients with AHF, where a higher level of circulating 
miR- 19b- 3p (divided by median value of 2.15) posed a 
1.31- fold higher risk for mortality and HF readmission 
of patients with AHF. Integrating all available evidences, 
we believe that miR- 19b- 3p is a promising prognostic 

Figure 3. Receiver operating characteristic curves of 9 validated miRNAs for diagnosis of AHF.
Receiver operating characteristic curves were performed to test the diagnostic value of 9 miRNA candidates for AHF in PCR- discovery 
cohort. miR- 19b- 3p was found to have the highest discriminative potential for AHF (AUC=0.753). AHF denotes acute heart failure, AUC 
area under curve. Lower right annotation in each figure showed AUC with 95% CI and P value.
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biomarker for patients with AHF, while the mechanism 
that aggravating cardiac dysfunction remained to be 
further investigated.

In addition, HF treatment is another crucial fac-
tor that would affect the prognosis. While in our 
prospective cohort, all of the patients were con-
secutively enrolled and received standard- of- care 
in hospital, and discharged with similar regimen 
across the quartiles (Table  S3). Therefore, in our 
study, the treatment has little impact on outcome. 

However from another perspective, studies con-
ducted previously have demonstrated that the level 
of circulating miRNAs is variable in response to 
treatment, and the change of miRNAs during ad-
mission could also predict adverse outcomes.9,25 
Thus, it is an important topic to investigate how 
specific medication interacts with miRNA in the 
treatment process of HF. Thus, repeated measure-
ment could also be of clinical importance and fur-
ther studies are warranted.

Figure 4. Prognostic power of 9 validated miRNAs by receiver operating characteristic curves.
Receiver operating characteristic curves were performed to test the diagnostic value of 9 miRNA candidates for AHF in PCR- discovery 
cohort. miR- 19b- 3p was found to have the highest discriminative potential for AHF (AUC=0.753). AHF denotes acute heart failure, AUC 
area under curve. Lower right annotation in each figure showed AUC with 95% CI and P value.
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Limitations

The present study has several limitations. First, although 
the other 8 miRNAs failed to outperform miR- 19b- 3p, 
they could potentially also play a role in diagnosis and 
prognostication of patients with HF. Combining evalua-
tion with diverse miRNAs, NT- proBNP, or other valuable 
markers could be considered in further investigations. 

Second, we did not repetitively measure the level of 
miR- 19b- 3p during admission and follow- up. As miR-
NAs are dynamic, further studies analyzing repetitive 
measurement of miR- 19b- 3p are warranted to explore 
further clinical implication. Third, echocardiography 
and serum sST2 were not designed to be measured 
during follow- up, thus it remained unknown whether 
miR- 19b- 3p level correlates with follow- up changes 

Table. Clinical Characteristics of 564 Patients With AHF in Quartiles of miR- 19b- 3p Levels

Overall  
(N=564)

Q1  
(N=141)

Q2  
(N=141)

Q3  
(N=141)

Q4  
(N=141) P value

Age, y 69.0 (62.0, 77.0) 70.0 (63.0, 82.0) 68.0 (61.0, 77.0) 69.0 (62.0, 75.0) 70.0 (61.0, 78.0) 0.214

Male/female, n/n 404/160 99/42 99/42 101/40 105/36 0.790

BMI, kg/m2 24.3±3.6 24.3±3.6 24.0±3.8 24.5±3.6 24.5±3.6 0.950

Smoking, n (%) 175 (31.0) 47 (33.3) 43 (30.5) 49 (34.8) 36 (25.5) 0.456

NYHA functional class 2.4±0.8 2.4±0.8 2.4±0.7 2.3±0.8 2.5±0.8 0.080

HR, bpm 83.7±18.5 83.9±18.7 84.1±17.9 83.7±18.6 82.9±19.0 0.977

SBP, mm Hg 135.5±23.7 137.1±23.3 133.6±23.4 134.5±24.5 137.0±23.7 0.900

DBP, mm Hg 79.2±15.8 79.6±15.5 78.9±15.6 78.7±15.5 79.4±16.6 0.847

Comorbidities

Diabetes, n (%) 205 (36.4) 45 (31.9) 50 (35.5) 53 (37.6) 57 (40.4) 0.463

Hypertension, n (%) 373 (66.1) 95 (67.4) 81 (57.4) 93 (66.0) 104 (73.8) 0.024*

CHD, n (%) 344 (61.0) 82 (58.2) 85 (60.3) 89 (63.1) 88 (62.4) 0.657

AF, n (%) 118 (20.9) 37 (26.2) 24 (17.0) 31 (22.0) 26 (18.4) 0.205

ICM, n (%) 123 (21.8) 30 (21.3) 30 (21.3) 34 (24.1) 29 (20.6) 0.893

HCM, n (%) 8 (1.4) 2 (1.4) 1 (0.7) 2 (1.4) 3 (2.1) 0.798

DCM, n (%) 31 (5.5) 10 (7.1) 4 (2.8) 8 (5.7) 9 (6.4) 0.418

Serological measurements

NT- proBNP, ng/mL 1918.0 (782.5, 
5070.5)

2170.0 (993.7, 
4748.0)

1960.0 (800.6, 
5051.3)

1986.0 (609.0, 
6771.0)

1636.0 (871.9, 
4723.0)

0.261

vmiR- 19b- 3p (relative 
expression)

2.15 (1.63, 3.40) 1.23 (0.99, 1.43) 1.89 (1.75, 2.00) 2.69 (2.36, 2.96) 5.24 (4.28, 6.73) <0.001*

sST2, ng/mL 42.3 (36.8, 50.7) 38.4 (33.0, 42.4) 40.6 (35.4, 47.2) 42.6 (48.4, 38.5) 53.4 (44.9, 67.4) <0.001*

HDL, mmol/L 0.96 (0.79, 1.20) 1.02 (0.81, 1.31) 0.98 (0.81, 1.25) 0.93 (0.79, 1.13) 0.94 (0.78, 1.15) 0.521

LDL, mmol/L 2.16±0.93 2.07±0.91 2.15±0.98 2.24±0.94 2.19±0.88 0.627

eGFR, mL/
(min*1.73 m2)

79.2 (56.4, 99.3) 82.1 (64.2, 101.7) 81.4 (55.5, 102.9) 79.2 (57.8, 98.0) 73.6 (54.9, 95.7) 0.355

BUN, mmol/L 8.3±6.0 7.7±3.9 8.4±4.5 8.7±9.3 8.5±4.9 0.361

Hb1Ac (%) 6.3 (5.8, 7.4) 6.4 (5.8, 7.3) 6.3 (5.8, 7.5) 6.2 (5.7. 7.0) 6.3 (5.8, 7.5) 0.678

Echocardiographic measurements

LVEF (%) 43.0 (32.0, 55.0) 44.0 (33.0, 55.0) 43.0 (30.0, 55.0) 44.0 (35.8, 56.0) 40.0 (32.3, 54.8) 0.675

IVST, mm 10.0 (9.0, 11.0) 9.0 (9.0, 10.0) 9.0 (9.0, 10.0) 10.0 (9.0, 10.0) 11.0 (10.0, 13.0) <0.001*

LVPWT, mm 10.0 (9.0, 10.0) 10.0 (9.0, 10.0) 10.0 (9.0, 10.0) 10.0 (9.0, 10.0) 10.0 (9.0, 11.0) 0.001*

LVeDD, mm 50.0 (45.0 57.0) 49.0 (44.0, 56.0) 50.0 (44.0, 57.0) 49.0 (45.0, 56.0) 51.0 (45.0, 60.0) 0.151

LVeSD, mm 35.5 (30.0, 46.0) 32.0 (29.0, 43.0) 31.0 (27.0, 45.0) 34.0 (28.0, 44.0) 37.0 (30.0, 47.0) 0.241

LVMI, g/m2 113.5±34.8 101.0±28.1 103.8±25.2 110.2±26.8 141.1±42.2 <0.001*

Continuous variables are presented as means±SD if conform normal distribution or median with interquartile range (IQR) if not. Categorical variables 
are presented as percentage (%). AF indicates atrial fibrillation; AHF, acute heart failure; BMI, body mass index; BUN, blood urea nitrogen; CHD, coronary 
heart disease; DBP, diastolic blood pressure; DCM, dilated cardiomyopathy; eGFR, estimated glomerular filtration rate (calculated by MDRD formula); Hb1Ac, 
hemoglobin A1c; HCM, hypertrophic cardiomyopathy; HDL, high- density lipoprotein; HR, heart rate; ICM, ischemic cardiomyopathy; IVST, interventricular 
septum thickness; LDL, low- density lipoprotein; LVeDD, left ventricular end- diastolic diameter; LVEF, left- ventricular ejection fraction; LVeSD, left ventricular 
end- systolic diameter; LVMI, left ventricular mass index; LVPWT, left ventricular posterior wall thickness; NT- proBNP, N- terminal brain natriuretic peptide 
precursor; NYHA, New York Heart Association; SBP, systolic blood pressure; and sST2, soluble suppression of tumorigenicity 2.

*Significant P value (<0.05).
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of echocardiographic indices and serum biomarkers. 
Fourth, we evaluated only ventricular structural pa-
rameters by echocardiography, which are not the gold 
standard for measuring the extent and character of 
cardiac hypertrophy. Further extensive studies using 
cardiac magnetic resonance are needed to support 
the findings. Fifth, in the screening and PCR discovery 

phase, we performed only ROC analysis without k- fold 
cross validation of AUCs. K- fold analysis is an advanta-
geous approach that could reduce the generalization 
error and produce a more precise result. However, in 
our study, the discovery cohort had a limited sample 
size that was inadequate and independent of a valida-
tion cohort, rendering it inappropriate to perform k- fold 

Figure 5. Survival analysis of patients with AHF divided by baseline level of miR- 19b- 3p.
Survival analysis of miR- 19b- 3p for primary end point (all- cause mortality or readmission due to HF) were 
performed and survival curves with 95% CI shown with dotted line in corresponding color. Through a 
follow- up period of 19.1 [17.7, 20.7] months, survival curves showed group with higher level of miR- 19b- 3p 
presented worse event- free survival, with Log- Rank P value <0.001. Q1, Q2, Q3 and Q4 represent patients 
with AHF with relative expression of miR- 19b- 3p level lower than 1.63, 1.63- 2.15, 2.15- 3.41, and higher 
than 3.41, respectively.

Figure 6. The Forest plot of multivariate Cox proportional hazard regression model for prognostic evaluation.
The level of miR- 19b- 3p, sST2, and NT- proBNP was analyzed after logarithmic transformation.
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analysis. Further studies with a larger sample size are 
warranted.

CONCLUSIONS
Circulating miR- 19b- 3p is independently associated with 
adverse clinical outcomes in patients with AHF. In addi-
tion, a high level of circulating miR- 19b- 3p might indicate 
adverse cardiac hypertrophy in AHF. Further studies are 
warranted to reveal the regulatory mechanism underly-
ing the increase in miR- 19b- 3p during AHF.
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miRNA expression profiling 

RNA extraction and small RNA sequencing 

Total RNA was extracted from serum samples using the Qiagen miRNeasy 

Serum/Plasma Kit (cat. No. 217184, QIAGEN, Germany) according to the 

manufacturer’s protocol. Quantitation of total RNA was carried out using the Nanodrop 

2000 (Thermo Fisher Scientific Inc., USA). RNA integrity was assessed by Agilent 

2100 Bioanalyzer (Agilent Technology, USA).16 1 μg total RNA of each sample was 

used for the small RNA library construction using TruSeq Small RNA Sample Prep Kits 

(Cat. No. RS-200-0012, Illumina, USA). The libraries were finally sequenced using the 

Illumina HiSeq X Ten platform and 150 bp paired-end reads were generated.17 

 

Confirmation and validation of miRNA by RT-qPCR in PCR-discovery and 

validation cohorts. 

Quantification of miRNAs was performed via two stepwise processes: reverse 

transcription and polymerase chain reaction (PCR). First, total RNA extracted was 

reverse transcribed using the miRNA 1st Strand cDNA Synthesis Kit (cat. No. AT351, 

TransGene Biotech Inc., China). Real-time PCR was performed using LightCycler® 

480 II Real-time PCR Instrument (Roche, Swiss) with 10 μL PCR reaction mixture that 

included 1 μL of cDNA, 5 μL of 2×PerfectStartTM Green qPCR SuperMix (cat. No. 



 
 

AQ601, TransGene, China), 0.2 μL of universal primer, 0.2 μL of miRNA-specific 

primer and 3.6 μL of nuclease-free water. Each sample was run in triplicate for 

analysis.18 The miRNA-specific primer sequences were designed based on the miRNA 

sequences (primers were exhibited below). The expression levels of miRNAs were 

normalized to 5S rRNA and were calculated using the 2-△△Ct method.19 

 

Bioinformatics analysis of RNA-sequence data 

The raw data generated by Illumina sequencing were analyzed as previously 

described.20 The known miRNAs were identified by aligning against miRBase v22 

database (http://www.mirbase.org/)21, and the miRNA expression was calculated by 

transcript per million (TPM, the number of reads per miRNA matched/all reads×1×106). 

Differentially expressed miRNAs were calculated and filtered with the threshold of P 

value < 0.05 and absolute log 2 (fold change) > 1 using DESeq R package22 (version 

1.18.0). The targets of differentially expressed miRNAs were predicted by miRanda 

software23 with parameters as follows: S ≥ 150, ΔG ≤ −30 kcal/mol and demand 

strict 5' seed pairing. GO enrichment and KEGG pathway enrichment analysis of DEM-

target-Genes were respectively performed using R based on the hypergeometric 

distribution. 

  



 
 

Table S1. Primer sequences of 40 miRNAs. 

ID Primer sequences (5’-3’) 

miR-19b-3p TGTGCAAATCCATGCAAAACTGA 

miR-4732-3p CCTGACCTGTCCTGTTCTG 

miR-205-5p TTCCTTCATTCCACCGGAGTCTG 

miR-16-2-3p CGCGCCAATATTACTGTGCTGCTTTA 

miR-15b-5p CGCTAGCAGCACATCATGGTTTACA 

miR-148b-3p TATCCTGCCCGAGCTGAGC 

miR-3615 CTCGGCTCCTCGCGGCTC 

miR-2110 TATTGGGGAAACGGCCGCT 

miR-3940-3p ATATATACAGCCCGGATCCCAGCC 

miR-142-5p GCGCGCATAAAGTAGAAAGCACTACT 

miR-143-3p CGCTGAGATGAAGCACTGTAGCTC 

miR-4685-3p TCTCCCTTCCTGCCCTGG 

miR-885-5p CCTCCATTACACTACCCTGCCTCT 

miR-1180-3p TATATATTTCCGGCTCGCGTGGGT 

miR-484 GGCTCAGTCCCCTCCCGAT 

miR-424-3p CCAAAACGTGAGGCGCTGCTAT 

miR-1292-5p TATATATGGGAACGGGTTCCGGCA 

let-7b-3p CGCTATACAACCTACTGCCTTCCC 

miR-4732-5p GCCCTGACCTGTCCTGTTCT 

miR-103a-3p CAGCAGCATTGTACAGGGCTATGA 

miR-204-5p CGTTCCCTTTGTCATCCTATGCCT 

miR-200c-3p GCGTAATACTGCCGGGTAATGATGGA 

miR-144-3p GCGCTACAGTATAGATGATGT 

miR-100-5p CCAACCCGTAGATCCGAACTTGTG 

miR-24-3p TGGCTCAGTTCAGCAGGAACAG 

miR-183-5p TCGCTATGGCACTGGTAGAATTCACT 

miR-21-5p CGCCGTAGCTTATCAGACTGATGTTGA 

miR-939-5p TGGGGAGCTGAGGCTCTG 

miR-223-3p CGCTGTCAGTTTGTCAAATACCCCA 

let-7c-5p CGCCTGAGGTAGTAGGTTGTATGGTT 

miR-1908-5p CGGGGACGGCGATTGGTC 

miR-605-3p CCGCGAGAAGGCACTATGAGATTTAGA 

miR-365a/b-3p GCGCGTAATGCCCCTAAAAATCCTTAT 

let-7e-5p CGCGTGAGGTAGGAGGTTGTATAGTT 

miR-199a/b-3p CGCACAGTAGTCTGCACATTGGTTA 

miR-7706 CGCCTGTGCTCTGCCGAGA 

miR-1271-5p CTTGGCACCTAGCAAGCACTCA 

miR-101-3p CGCTACAGTACTGTGATAACTG 

miR-17-5p GCCAAAGTGCTTACAGTGCAGGTAG 

miR-664a-3p CCGCTATTCATTTATCCCCAGCCTACA 



 
 

Table S2. Patient characteristics of screening and PCR-discovery cohorts. 

 Screening cohort  PCR-discovery cohort 

 
control 

(N=5) 

AHF 

(N=15) 
P-value  

control 

(N=26) 

AHF 

(N=50) 
P-value 

Age (years) 58.2±7.7 65.7±10.2 0.115  62.4±10.6 67.8±11.1 0.948 

Male/female (n/n) 1/4 9/6 0.303  10/16 13/37 0.262 

Current smoking, n (%) 0 (0) 6 (40) 0.260  4 (15.38) 13 (26.00) 0.292 

LVEF (%) 65.4±2.6 28.7±7.9 <0.001*  63.0 (62.0-64.5) 42.0 (30.5-60.0) 0.001* 

NYHA functional class n.a. 2.93±0.26 n.a.  n.a. 2.60±0.64 n.a. 

HF history, n (%) 0 (0) 9 (60) 0.038*  4(15.38) 13(26.00) 0.292 

NT-proBNP (ng/L) 78 (55-110) 2521 (634-7867) <0.001*  40.6 (24.3-108.0) 1281.0 (733.0-3380.0) <0.001* 

SBP (mmHg) 127.4±21.6 129.3±26.5 0.874  142.2±25.0 131.9±21.0 0.135 

DBP (mmHg) 76.6±10.4 72.8±17.4 0.568  75.8±22.9 79.5±14.1 0.589 

DM, n (%) 0 (0) 5 (33.3) 0.266  4 (15.38) 18 (36.00) 0.060 

HTN, n (%) 1 (20) 7 (46.7) 0.603  8 (30.77) 22 (44.00) 0.263 

HDL (mmol/L) 1.71±0.33 1.02±0.32 0.004*  1.19 (0.98-1.37) 0.87 (0.78-1.24) 0.044* 

LDL (mmol/L) 2.73±0.69 2.05±1.17 0.235  2.61±1.15 2.30±0.93 0.104 

ALT (IU/L) 29.4±18.1 37.4±25.4 0.461  27.6±19.2 36.8±41.3 0.768 

WBC (/nL) 6.6±1.0 7.1±1.8 0.480  6.72 (5.18-7.25) 6.64 (5.43-8.53) 0.517 

HB (g/L) 121.0±9.4 135.1±21.3 0.058  130.4±10.4 127.1±23.5 0.062 

CRP (mg/L) 3.02 (2.34-3.23) 3.13 (3.02-8.41) 0.343  3.02(2.25-3.75) 8.24(2.43-17.64) 0.058 

eGFR (mL/(min*1.73m2)) 107.7±22.5 76.4±24.4 0.021*  99.6±20.8 74.1±29.3 0.009* 

BUN (mmol/L) 6.53±1.44 8.69±7.18 0.287  5.35±1.83 8.57±5.36 0.004* 



 
 

Continuous variables are presented as means±SD if conform normal distribution or median with interquartile range (IQR) if not. Categorical variables are presented as 

percentage (%).   

* Significant P value (<0.05).  

AHF, acute heart failure; LVEF, left-ventricular ejection fraction; NYHA, New York Heart Association; HF, heart failure; NT-proBNP, N-terminal brain natriuretic 

peptide precursor; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; HTN, hypertension; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; ALT, alanine aminotransferase; WBC, white blood cell count; HB, hemoglobin; CRP, C-reactive protein; eGFR, estimated glomerular filtration 

rate (calculated by MDRD formula); BUN, blood urea nitrogen; n.a., not applicable.



 
 

Table S3. Medication at discharge of the validation cohort. 

 
Overall 

(N=564) 

Q1 

(N=141) 

Q2 

(N=141) 

Q3 

(N=141) 

Q4 

(N=141) 
P-value 

β-blockers, n (%) 319 (56.6) 76 (53.9) 79 (56.1) 80 (56.7) 84 (59.6) 0.815 

ACEIs, n (%) 95 (16.8) 26 (18.4) 24 (17.1) 21 (14.9) 24 (17.1) 0.886 

ARBs, n (%) 404 (71.6) 109 (77.3) 95 (67.4) 98 (69.3) 102 (72.3) 0.279 

ARNI, n (%) 73 (12.9) 16 (11.3) 19 (13.5) 17 (12.1) 21 (14.9) 0.819 

MRAs, n (%) 356 (63.1) 87 (61.7) 90 (63.5) 90 (64.1) 89 (63.0) 0.980 

Diuretics, n (%) 131 (23.2) 35 (24.8) 29 (20.6) 29 (20.6) 38 (27.0) 0.803 

CCBs, n (%) 208 (36.9) 56 (39.7) 45 (31.9) 49 (34.8) 58 (41.1) 0.341 

Nitrates, n (%) 97 (17.2) 24 (17.0) 23 (16.4) 24 (16.9) 23 (16.5) 0.997 

Digoxin, n (%) 51 (9.0) 9 (6.4) 11 (7.8) 14 (9.9) 17 (12.1) 0.366 

Statins, n (%) 368 (65.2) 91 (64.5) 85 (60.3) 97 (68.8) 95 (67.4) 0.453 

Anticoagulants and antiplatelets, n 

(%) 
391 (69.3) 102 (72.3) 89 (63.1) 93 (66.0) 107 (75.9) 0.080 

Medication condition is described as categorical variable according to whether specific medicine was taken.  

* Significant p value (<0.05).  

ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; MRAs, mineralocorticoid receptor antagonists; ARNI, angiotensin receptor 

encephalin inhibitor; CCBs, calcium-channel blockers.  



 
 

Figure S1. miRNA screening by RNA-sequencing and PCR discovery of 40 miRNAs 

candidates.  

 

A, Matrix plot showed a positive linear correlation of the mean expression between 15 AHF 

patients and 5 controls. B, the histogram of presented the distribution of raw P-values of screened 

miRNAs. The blue vertical line draws the boundary of P value=0.05. The bar on the left indicates 



 
 

218 differential expressed miRNAs. 1C & 1D show 20 Up-regulated and 20 down-regulated 

miRNAs with the highest absolute fold change from the PCR-discovery cohort. Mean relative 

expression value were normalized to the corresponding values of control subjects and expressed 

after logarithmic transformation. miRNAs expression levels were calculated by transcript per 

million. TPM=N/M*106, N represents reads count for each miRNA, and M represents total reads 

count of sample. AHF denotes acute heart failure. 



 
 

Figure S2. Correlations of miR-19b-3p with serological and echocardiographic measurements.

 



 
 

Spearman correlation analysis showed relative expression level of miR-19b-3p significantly 

positively correlated with sST2, IVST, LVPWT, LVeDD, LVMI, but not NT-proBNP, LVeSD and 

left ventricular ejection fraction. The levels of NT-proBNP and sST2 were logarithmic transformed. 

NT-proBNP denotes N-terminal pro brain natriuretic peptide, sST2 soluble suppression of 

tumorigenicity 2, IVST interventricular septum thickness, LVeDD left ventricular end-diastolic 

diameter, LVeSD left ventricular end-systolic diameter, LVMI left ventricular mass index, LVPWT 

left ventricular posterior wall thickness. The light blue area represents 95% confidence interval of 

correlation coefficient. 

 

 


