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Application of hsa-miR-130a-3p in the diagnosis and prognosis of heart failure with
preserved ejection fraction
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[Abstract] Objective: To identify and validate differentially expressed circulating microRNAs (miRNAs) and to evaluate their
potential diagnosis and prognosis value in heart failure with preserved ejection fraction (HFpEF). Methods: A total of 45 participants
were initially enrolled, including 30 patients with HFpEF and 15 non-heart failure (non-HF) controls. Pooled plasma samples were
analyzed by high-throughput miRNA sequencing to screen for differentially expressed candidate miRNAs. Subsequently, 133 HFpEF
patients and 53 non-heart failure patients hospitalized during the same period were continuously enrolled as the validation cohort, and

quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR)was used to validate the candidate miRNAs. Receiver
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operating characteristic (ROC) curves were constructed and the area under the curve (AUC)were calculated to evaluate their diagnostic
performance. Major adverse cardiovascular events (MACE) were defined as cardiovascular death or heart failure rehospitalization.
HFpEF patients were followed up for a median duration of 216 days (interquartile range: 199-260 days). The relationship between
plasma miRNAs and the occurrence of MACE was analyzed, and survival curves were plotted using the Kaplan-Meier method. At the
same time, univariate and multivariate Cox proportional hazards regression models were used to analyze the risk factors affecting the
prognosis of HFpEF patients. Results: Compared with the control group, plasma hsa-miR-130a-3p was significantly upregulated in
HFpEF patients[ 1.93(1.10, 2.96)vs. 0.98(0.79, 1.19); P < 0.001]. ROC analysis showed that miR-130a-3p effectively differentiated
HFpEF patients from controls, with an AUC of 0.791(95% CI: 0.728-0.853, P < 0.001) and an optimal cutoff value of 1.459, with a
sensitivity of 62.41% and specificity of 94.34%. Based on the levels of miR-130a-3p, HFpEF patients were categorized into high- and
low - expression groups. Kaplan-Meier analysis revealed that patients with high miR-130a-3p expression had a significantly higher
cumulative incidence of MACE than those with low expression (26.98% vs. 6.15% , log-rank P=0.002). Multivariate Cox regression
further confirmed that high expression of plasma miR-130a-3p was an independent risk factor for poor prognosis in HfpEF patients
[hazard ratio (HR) =2.197, 95% CI: 1.254-3.847, P=0.006]. Conclusion: Circulating miR - 130a-3p is a promising diagnostic and
prognostic biomarker for HFpEF. Its high expression is closely associated with adverse cardiovascular outcomes, suggesting that
circulating miR - 130a-3p may serve as a novel biomarker for HFpEF diagnosis and risk stratification. Further validation in larger
multicenter prospective cohorts is warranted.
[Key words] HFpEF; microRNA ; diagnosis; prognosis; biomarker
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A': Scatter plot showing the miRNA expression profiles between the HFpEF group and the control group. Red dots represent upregulated miRNAs

(n=458), green dots represent downregulated miRNAs (n=243) , and black dots represent miRNAs with no significant differential expression (n=154).

B: Volcano plot illustrating differentially expressed miRNAs between the HFpEF group and the control group.
E 1 HFpEF 53E ORI EBEEFFRIEmiRNA S
Figure 1 Analysis of differentially expressed miRNAs between HFpEF group and non-heart failure control groups
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A:In the preliminary validation, plasma miR-130a-3p was significantly upregulated in patients with HFpEF, whereas miR-155-5p, miR-15a-5p,

miR-224-5p, miR-126-5p, and miR-199a-5p showed no significant differences(” P < 0.01). B: In the full validation cohort, plasma miR-130a-3p expres-

sion was markedly increased in patients with HFpEF (""P < 0.001).

E2 RT-qPCRIIE(EIE miRNA
Figure 2 Validation of candidate miRNAs by RT-qPCR
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0.003) . /£ &7 7K K B B 42 (left ventricular end-dia-
stolic diameter, LVDd) (HR=0.894, 95% CI: 0.807~
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1.318~10.029, P=0.013) 5 MACE & 4 X % & 2 #H
K, B HPNZ IR E Cox BIHHT. EMEZRE
Cox [F HBL B A/, AT AN ABREFAT T 2 E L
LRMEAG I, VIF 20 BT 7R, IR 4 AR & 1) VIF{E
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Table 1 Baseline characteristics of patients with HFpEF and non-heart failure controls
Characteristic Overall(n=186) Control(n=53) HFpEF (n=133) P
Agelyears, M(Pas,s Pys) ] 69(60,76) 56(51,62) 74(67,78) <0.001
Sex[n(%)] 0.24
Female 97(52) 24(45) 73(55)
Male 89(43) 29(55) 60(45)
BMI[kg/m?, M(Pas, P35) ] 24.91(22.85,27.55) 25.06(22.72,26.73) 24.86(22.86,27.68) 0.75
Comorbidities[n(%) ]
Hypertension 124(67) 19(36) 105(79) <0.001
Diabetes 33(18) 4(7.5) 29(22) 0.022
AF 119(64) 5(9.4) 114(86) <0.001
CAD 64(34) 17(32) 47(35) 0.67
Medications[n(%) ]
ACEI/ARB 36(19) 8(15) 28(21D) 0.35
ARNI 46(25) 509.4) 41(31) 0.002
B-blockers 73(39) 1121 62(47) 0.001
Diuretic 48(26) 2(3.8) 46(35) <0.001
MRA 37200 0 37(28) <0.001
SGLT-2i 50(27) 2(3.8) 48(36) <0.001
Laboratory parameters
LAD[mm, M(P,s, P>5) ] 42(37,46) 35(33,37) 44(41,47) <0.001
LVDd[mm, M(Pss, Ps5) ] 48(45,50) 47(45,49) 48(46,50) 0.12
LVEF[ %, M(P,s, P>5) ] 62.7(61.2,64.4) 63.0(61.9,64.3) 62.7(61.0,64.4) 0.40
PASPLmmHg, M(Pss, P35 ] 30(26,36) 25(24,28) 33(29,38) <0.001
SBP[mmHg, M(Pss, P;5) ] 129(116,139) 125(117,135) 129(116,142) 0.13
DBPLmmHg, M(P»s, Ps5) ] 78(69,86) 79(74,86) 77066, 86) 0.20
WBCL*10°/L, M(Pss, Pr5) ] 5.40(4.58,6.38) 5.41(4.79,6.74) 5.35(4.55,6.07) 0.18
Hblg/L, M(Pss, Ps) ] 132(121, 142) 1350123, 143) 129(118,141) 0.045
ALTLU/L, M(Pss, Pr5) ] 18.0(12.0,27.0) 20.0(13.0,28.2) 17.0(12.0,27.00 0.29
ASTLU/L; M(Pss, P15) ] 22.0(18.0,27.0) 21.0(18.0,26.0) 22.0(18.0,28.0) 0.21
GluLmmol/L, M(Pss, Pr5) ] 4.65(4.18,5.22) 4.64(4.18,4.98) 4.65(4.15,5.41) 0.60
Cr[umol/L, M(Pss, Pr5) ] 76.0(64.0, 88.0) 70.1(60.0, 82.0) 78.0(65.0,90.7) 0.015
HbAlc(%,x7+s) 6.01 +1.08 5.62 +0.64 6.17 £ 1.18 <0.001
Hs-cTNTLng/L, M(Pzs, Pr5) ] 10.53(7.12,15.35) 7.26(4.47,9.75) 12.57(8.81,17.65) <0.001
NT-proBNPLng/L, M(Pss, P55 ] 490.85(74.16, 1 073.00) 60.00(17.98,60.00) 819.90(390.70, 1 396.60) <0.001
miR-130a-3p[ M (Pas, Prs) ] 1.34€0.97,2.46) 0.98(0.79,1.19) 1.93(1.10,2.96) <0.001
H,FPEF[n(%) ]
=6 32(24.06)
2-5 101(75.94)

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; ACEI/ARB, angiotensin - converting enzyme inhibitor/angiotensin receptor
blocker; ARNI, angiotensin receptor-neprilysin inhibitor; $-blockers, beta-blockers; Diuretic, diuretics; MRA, mineralocorticoid receptor antagonist;
SGLT-2i, sodium-glucose cotransporter 2 inhibitor; LAD, left atrial diameter; LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular ejec-
tion fraction; PASP, pulmonary artery systolic pressure; SBP; systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell count; Hb,
hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Glu, glucose; Cr, creatinine; HbAle, glycosylated hemoglobin; hs-¢TnT,

high-sensitivity cardiac troponin Ts NT-proBNP, N-terminal pro-B-type natriuretic peptide.

LAD (HR=1.109, 95% CI: 1.043~1.180, P=0.001) .
LVDd (HR=0.883, 95%CI: 0.783~0.996, P=0.043) J&

miR - 130a - 3p (HR=2.197, 95% CI: 1.254~3.847, P=
0.006) {1544 & HFpEF &35 Tl 5 A K 13 57 15 K X
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Table 2 Multivariable linear regression analysis of plasma

miR-130a-3p levels

HFpEF &3 W7 E b A EEZMME (R4,

R A
Variable B 95%CI P 3 W ik
HFpEF 1.397 (0.486-2.307) 0.003 A HIF 7 38 o I O e IR 4 RT-qPCR %
Diabetes 0.555 (-0.196-1.305) 0.149 SIE, 76 A B VKR IRAE FF miR- 130a-3p 1 HFpEF e
AF 0.064 (-0.781-0.909) 0.882 S b 5 i, FL R Rk 5 MACE [ 2]
. &
2 <
% Cg E ‘g & = ] LE §
i iss2Z2E=25:52288238 5%
Diabetes - Kok 1
NT-proBNP _0.02- k% skoksk k% sk sk
LAD -0.03 0.22 ok 0.8
Glu | 042 0.00 0.12 o **
HbAlc | 0.59 0.14 0.08 0.56 GE B BEES 0.6
hs-cTnT | 0.01 0.27 0.05 0.03/ 0.10 i i X
Hypertension | 0.14| 0.05-0.08| 0.14 0.20/ 0.05 0.4
Cr | 0.02 0.02-0.08 0.04 0.12 0.42 0.09- GRS Gy **
WBC | 0.19 0.06-0.09 0.10/ 0.21 0.24 0.11 0.32 GRS G
CAD | 0.07-0.03-0.14-0.10 0.06 0.08 0.00 0.15 0.29 i 02
BMI | 0.09-0.19 0.08' 0.28 0.31-0.06/ 0.10-0.02 0.14 0.00- BEED B R
Hb -0.01/ 0.02/ 0.04 0.11 0.11 0.12/ 0.01/ 0.09 0.32 0.03 0.27 e EEED ok I Fr* Y
SBP | 0.00-0.10-0.02-0.02-0.04' 0.04 0.13 0.10 0.05 0.12-0.05-0.07 *k
AF S0.15 025 022 0.3 007 0.05 0.11-0.04 0.04-0.15-0.12 0.18 0.01 [l L 02
ALT -0.11/ 0.10/ 0.05| 0.05 0.07 0.14/ 0.14/ 0.05 0.10 0.06 0.29  0.35 0.03 0.04‘ S o
AST -0.21 0.12 0.05 0.00 0.02/ 0.17 0.04/ 0.08 0.02 0.01/ 0.23/ 0.21 0.00 0.02| 0.84
LVDd £0.09-0.05 0.13-0.01-0.11/ 0.06-0.04 0.15 0.02/ 0.09 0.22 0.15 0.15-0.10 0.17 0.11- ok 04
DBP -0.08 0.08-0.01-0.071-0.06-0.17-0.01-0.01' 0.11-0.03/ 0.05 0.34 0.30 0.23/ 0.27 0.16/ 0.11 oo I
EF -0.08-0.09 0.03-0.06-0.08  0.02/ 0.03-0.08-0.12-0.05-0.05-0.01-0.11-0.04' 0.09 0.08-0.18-0.10 -0.6
PASP -0.13) 0.21/ 0.23~0.07-0.06  0.21-0.19~0.05-0.11| 0.02-0.25-0.21 0.14 0.05-0.13-0.03 0.02—0.21—0.02-
Gender | 0.08 0.07 0.11 0.17 0.08~0.14/ 0.05-0.36-0.21-0.25~0.08-0.47-0.11' 0.06~0.16-0.04-0.40~0.19 0.08 0.16 -0.8
Age | 0.06 0.08-0.08-0.01 0.15 0.35-0.12/ 0.27 0.10 0.12-0.19-0.24 0.21-0.10-0.21-0.09/-0.16-0.26-0.12 0.15 | 0.11
miR-130a-3p | 0.180.198 0.17-0.10 0.17 0.04-0.12/ 0.04-0.08-0.08-0.14~0.07-0.04/ 0.01-0.01-0.06/-0.05 0.01 0.12 0.07 —0.05—0.00- -1

The heatmap illustrates the Spearman correlation coefficients between plasma miR-130a-3p and various clinical parameters. Blue squares indicate

positive correlations, whereas red squares indicate negative correlations. Color intensity represents the magnitude of the correlation coefficient (r). "P <

0.01 and ""P < 0.001.
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Figure 3 Spearman correlation analysis between plasma miR-130a-3p and clinical parameters
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Figure 4 ROC curve analysis of diagnostic models and sensitivity analysis of miR-130a-3p based on H:FPEF score

R3 ZIBIREBEESHEEX HFpEF BB AE b3
Table 3

Comparison of the diagnostic performance of

individual indicators and the combined model

for HFpEF
Model Sen(%) Spe(%) PPV(%) NPV(%)
miR-130a-3p 62.4 94.3 96.5 50.0
sST2 66.2 67.9 83.8 44.4
H.FPEF 24.1 100.0 100.0 344

miR+sST2+H,FPEF  67.7 100.0 100.0 55.2

Abbreviations: Sen, sensitivity; Spe, specificity; PPV, positive

predictive value; NPV, negative predictive value.

HFpEF [ BEALH B 4%, 5 KO LAY 5K Th e B
B L5 PN B D) R 5 A8 1k 98 0 RO B o JULTD
AL S L FR DY BEERF T 2, miR-130a
Z 5 O 44K 038 AE B S 98RE J 55 22
AR . WK Bl miR-130a 76 O A F
W, # ] miR-130a 7] 9855 L5 S 5K R 115 3 1 /h
UL LA 4R . 13X 5 AHE 7T HFpEF & 25 1K
miR-130a-3p A 145 5 — 5, #2785 miR-130a K &
TE O W 2 44X Je 45 46 0 o ] g R 3 B0 1E
Yan 25K B, miR-130a 75 /Co L3R 1 75 372 7 A% A o
T 3 R R e R AR RS, O JUL AT 45
fio AL, miR-130ai8 2 5 P iz ShaETRTE, S5 i e
RIEFHYVIFAR IX LA 753 7 SCFF T miR-130a-3p
1 HFpEF 2 3415 95 2 72 Hh vl e R 4% 8 2R
A 5T 45 BTN, miR-130a-3p H % N HFpEF (1)
TEALE MLBUE AR S . ROC 20 BT B HA2 i AUC
1% 0.7905, H5- 57V 535 94% , LEFENIR 32 FR (175 00 T
BAAN RS E; 1AL, SRk H B3 MACE K4

miR-130a-3p + High = Low
1.00+
0.754 W
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Figure 5 Kaplan - Meier curves for MACE incidence in
HFpEF patients stratified by miR -130a - 3p

expression levels
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Table 4 Cox regression analysis of risk factors for MACE in patients with HFpEF
Univariate Multivariate
Variable P HR(95%CD) P HR(95%CD)
Age 0.120 1.044(0.989-1.101)
Sex 0.443 1.412(0.585-3.410)
BMI 0.474 0.958(0.853-1.077)
Hypertension 0.729 0.837(0.306-2.289)
Diabetes 0.848 1.103(0.404-3.015)
AF 0.229 25.671(0.129-5 094.568)
CAD 0.202 0.52000.190-1.420)
LAD 0.003 1.080(1.026-1.137> 0.001 1.109(1.043-1.180)
LVDd 0.032 0.894(0.807-0.990) 0.043 0.883(0.783-0.996)
LVEF 0.501 1.047(0.915-1.198)
PASP 0.155 1.023(0.991-1.055)
SBP 0.778 0.996(0.972-1.021)
DBP 0.512 0.989(0.956-1.023)
WBC 0.691 0.945(0.716-1.248)
Hb 0.896 0.999(0.979-1.019)
ALT 0.771 0.999(0.990-1.007)>
AST 0.974 1.000€0.989-1.011)
Glu 0.987 1.002(0.808-1.243)
Cr 0.919 1.001(0.981-1.022)
hs-cTnT 0.107 3.060(0.787-11.908)
NT-proBNP 0.013 3.635(1.318-10.029) 0.228 2.067(0.634-6.740)
HbAle 0.995 1.001€0.712-1.409)
miR-130a-3p 0.003 2.174(1.302-3.361) 0.006 2.197(1.254-3.847)
ACEI/ARB 0.627 0.762(0.254-2.282)
ARNI 0.669 0.813(0.315-2.100)
B-blockers 0.748 0.868(0.365-2.061)
Diuretics 0.892 1.083(0.439-2.578)
MRA 0.371 0.667(0.275-1.168)
SGLT-2i 0.429 1.419(0.598-3.376)

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; ACEI/ARB, angiotensin - converting enzyme inhibitor/angiotensin receptor

blocker; ARNI, angiotensin receptor-neprilysin inhibitor; B-blockers, beta-blockers; Diuretic, diuretics; MRA, mineralocorticoid receptor antagonist;

SGLT-2i, sodium-glucose cotransporter 2 inhibitor; LAD, left atrial diameter; LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular ejec-

tion fraction; PASP, pulmonary artery systolic pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell count; Hb, he-

moglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Glu, glucose; Cr, creatinine; HbAlc, glycosylated hemoglobin; Hs-c¢TNT,

high-sensitivity cardiac troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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