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The omics perspective on heart failure research
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Abstract: Heart failure is the end stage of many cardiovascular diseases. It seriously affects the safety and
quality of life of nearly 40 million people worldwide. At present, the clinical and pathophysiological characteristics
of some types of heart failure are unknown, and there is no effective diagnosis and treatment. In recent years,
genomics, transcriptomics, epigenomics, proteomics, metabolomics and other omics technologies have been widely
used in disease research, providing new opportunities for the prevention, diagnosis and treatment of diseases. These
strategies have also brought hope for the reduction in heart failure mortality. Based on the current status of clinical
treatment of heart failure, this article reviews the roles and potential applications of these various omics technolo-
gies and their opportunities in the study of the pathogenesis of heart failure, clinical diagnosis and treatment, and re-
lated drug pharmacodynamics and mechanism of action.
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SEAG PR RO I RF SR BT, TRT 3 2030 47, HF B #0K
W1, HAEr, HF 1897 5k BRI 2 T Ul fl 5e
B, HHGERIRZE, B AR R A E
AR RBS, 3k s HF I ROm L - 3R45 7 1k
A EW) e B A VR IT 7 RRHR R HT IR T R
& H A HF 9 3 ZE0E 5005 1

V4K, A FORE HF IR A8 72 M
F, EFE R R S R B e 2 BOR 3R W S TR 4 2
FAR EARASHE AR KARGHEH RS, AR
FARES 720 sl AN &2 gt i T —
A, BT AECN A T A RSS2 AR R S N AR s
Wi BT 77 A ) A ) 2 R ) AR A, 7 I 24 2 A0 N F
JREE.

ARICHG L7 MR 22 P A 2 7E HF BIRF FORER, il
PR HF 835 5L RS W el B 4 )2 ViR I7 fa 5 ARG )
W7 HE AL 2 A THT 45 B SRR .
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1.1 HFEROAZEMAMINEET  HF R AR LI
4 39858, O D e K MR 3N ) 555 2 TS 3035 I AR vl
AR ALFE O R S I A BB AR L A AT R R R
T O EUSCAR RN 6T 5K Th g LR RS

HF 5. A H B0 UUAE S, B4 AR P A 46 i 40 25
RBEPENE 2, 20 250 e 77 4 o 3 B A I — i
PEVE Lo HF W BAZR B 1R AT 1 A, 1 2 24 41 A 3
B O L4 Bl 40 FE T (extracellular matrix, ECM) % &
122 B SR X B IR < O ILEH 2R 2 24k i 57 B 200 i 34 A
I iR e I N £ V3 T i T ) 19 3 Y 2 '8
a5 KAk ThRE B A, X AR IR IR LR A O BRI
12 HFREMDTHE HFRBEFE A, Ol 4
2N o WA AL R AR AR, R EAFE AL M E RS
BT B 2R - I 5K & - [ B R 4t (renin-angio-
tensin-aldosterone system, RAAS) i #iF K H Ath e 22
oA AL, A R IR 25 W N R 3R R IE 28 4%
HF 55 H B WL AR A 28 B 28 R G0 IR, K
ORI OB ZMAE 5 3 RAELN: 2T
W By S5 XA T G R AR K L G B R RS2 AR 3B
Tt 475 1 338 e,

AN, Rkl A 5 0 2 AL R Ca Ra S 1
YeFFEHF KA R B R RIEE —CMIER. B
RS 2 3 A N HF 23 A% A R R JORE AL
A 00 B R AR A TR 3R 2 TV 2 A LA I 45 2R«
1.3 HFATIR HF 218 R R, &
Bii VR HUGE HEAT AT, AR AR SUR AT
ST R WU A B 2 B R O IR R R 25 . FE 2R T
Ty THI, B2 AR BEL 71 I A 5 5K 2R e #e B A1) 71 (angio-

tensin converting enzyme inhibitors, ACEI). Il & % 5K 2%
4K 4% 1 71 (angiotensin receptor blockers, ARB) 7
A vy LR AP 2 A0 o, I 22 O ILEL A, AT D35
TS PR T T WA I B HF J85 7 40 0 -
By PR EE il S Ath g | 7 T PR R RS AE I R AR v
AR T v H T 208 HF B3 10 LRE = AR A pk
2 00 B R0 F B O T A5 1T L5 HIF s N AR
AL IhRE .

PHUEEE 0 Fu 4 R o, 2901677 e A 2K HF
ETZZ . {H 2017 4 36 B0 I 27 2 A I R 308 3
B, 3T 10 52Kk HF (3 1R AE T2 A9/ 1E 29.3% /£ 4, 5
FEFUT. ik 52.4%, 5 20 FE AT AR A L, HF BB
WT- T TR . FEHF AT R & 1R R 7E T
HF FL A A [F] A B PR 22 93 B8] A s 3 AR LA, H
BT, AR 48 A 0 =5 5 1M 4> $ (left ventricular ejection
fraction, LVEF) 1H, 725 4 4 Il 73 $ % B8 1) HF (heart
failure with preserved ejection fraction, HFpEF) . %t IfiL 7
# b A E (9 HF (heart failure with mid-range ejection
fraction, HFmrEF). 4 IfiL 73 % F# 1% i) HF (heart failure
with reduced ejection fraction, HFrEF), &t = 9% K 12 b ;
ROV B R R — 48w 77 & HAEA 4080 H
AU LA 98 B A B 2= AL, B 2 AMARAGERE A B A, T8
FHZ577 1, 845 1 5 A A 1) B8 P ReAEAE AN [F] I 25 40)
AU s BRI, BB AR AT ST 7 0N M DU AR
FEUEVRTT o
2 ZFEZEEN

FERH 7 e s 2l 2 RO EE R AH 27 Bl s 4H %
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M R B IR R B N HF 0 SRR A TR P
& (E1).

H AT, JE R 220 50 7 AT A 1D R R 4
IR 4H % B 49 BT (genome-wide association study, GWAS)
FeAR; S 2E H R DL RNA-seq A &, H Bl &
JE DU 7T R e 2 BN R AN B 3 A SR R 1
MRNA [ 1k & ; %W 5L 4 %4 BF 75 5 R ATAC-
Seq.WGBS.EWAS.ChIP-seq2%; &5 195 4170 1 - 24k
FH 2 5% i rEL ORI B AH €3 5 5 1 BB FH R 78 A Qs
A 2 A R R R R R O U A B L R U 1
HF & —Fh 5t te R AR T AR H VIR RT
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BOIRASZE A (K2). AR ZERAAE A7 LA
MFER EE AR S A [R]JZ 25 KA T fif HF 1)
FEAE . BEAh, AR 2H 22 48 0] A8 VBG40 T HF
AT f 387 3 P AR S M, T D HIF U7 S I PR 297 56 7 T
AR HE A RE .
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Figure 1 Multiple omics technologies

Figure 2 The relationship between different omics
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i RNA (ncRNA) 5. AN A 2% 12k R 4 g
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Table 1
(etiology). SNP: Single nucleotide polymorphisms

Summary of genome-wide association studies for HF

SNP Sample Gene Clinical Reference
phenotype

rs1739843 Discovery (2167)  HSPB7 HF [10]

rs6787362 Replication (2622) FRMD4B

rs11172782 2895 LRIG3 HF [11]

rs10519210 20926 USP3

rs12638540 2526 CMTM7 HF [12]

rs9885413 Discovery (2828)  SLC25A46 HF [13]
Replication (1870)

rs1320448  About 2850 COL17A1 HF [14]

rs1739843 Discovery (2538)  HSPB7 DCM [15]
Replication (3002)

rs9262636  About 11700 HCG22 DCM [16]

rs10927875 Discovery (2287)  ZBTB17 DCM [17]

rs2234962 Replication (2467) BAG3

rs433903 87433 SGEF CAD [18]

rs1867624 250736 PECAM1 CAD [19]

microRNA (miRNA).IncRNA 1 circRNA &5, 3£ 2 &R
5 HF M55 ncRNAs Bz HAF 16401,

ncRNAs H Bff 5% i 4 )z « D RE f o B3 ) 2
MIRNAF4, N >R i B 24 F] 94 ik J51 (N-terminal pro-B-
type natriuretic peptide, NT-proBNP) %% & miRNA 7] [f]
SKAS I AT IX 3 HF M B4, — e miRNA 7% 42 il 0 1L
2 it 8 5 T RE X A O WL AR A R O LT AE AR
FEN ., 530 BF 9T % B IncRNA A2 5 95 4 ) 8 45 00 L
HIBK 51, Z 50 U040 MK LA K R 2 4E 40 i 3

Table 2 ncRNAs related to HF

BT T, R AR R O I VR T R B A
Wisper®l, Meg3B4%% , 15 IncRNA 4Ll 15 38 &l 17 f1
A AE B S T E O LA B H R I H T circRNARL,
W78 R I, —FHFK A MICRA [ circRNA AJ fE & 45 24 T
DUy =5 T AL B A AR B9, e, O WLAT B R 2T 4
ST 6 R 28 VA 200 i 5 AN ] S R 40 P ) circRNA AT E S
5T HF [y 2 AR 2 i fRiesel,
23 RUEFEEZE RUWHEFRMHLH ERFARAE
388 A [R] 2% ] 52 1 i [R] 2 08 1) AR Ak, T X 6 AR AE R AR
W IR P B BB . WAL 151 10 75 DNA
BAy VHE AR SN, ANERWSEES S T
HF 1R A= FlUR el

DNA F B4 2 7E F B B RS B AR FE O, AE LA
Y CG A% H IR 1 PR B I 5/ Bs A J A 45 & — A PR 5
[, & — A JURr i) R A 2o AR, B AT DRSS A AR
T B AN AN IR A8 A 0 ik (R SRR AT O . TR 5
YL i R B 4 B AF DNA H 4k . Glezeva 2550
Xf DNA FHEAGTE HF A/ FTEAT 1 AF 9T, I3 300st,

B B ARG LAk L BRI S
L HE T H3 AT HA & 75 8 2 R AR 2R 1Y N-OK i 1) 18
i, JEH R F R L BRAK, R Gt £ 4 (V4T 2 R0
D RAs . Stratton ZEBUHF 75 45 MK B ] 5 L WAL 1
HEASSMIRG I E A (bromodomain-containing
protein 4, BRD4) A& /0 L2 4 4k A i £F 4 4 fif 3 784 1
PRI SRBE Sy T, I JE T P38 A5 5 3@ % A 7% HF 1 3%

Group ncRNA Function Reference
miRNA (miR)  miR-24-3p, miR-503-5p Detecting and categorizing [26]
miR-30a-5p, miR-106a-5p HF subtypes
miR-15, miR-17/92 Related to cardiomyocyte proliferation [27]
miR-302/367, miR-199a
miR-100/Let-7a
miR-590, miR-99/Let-7c
miR-103, miR-142-3p Potential biomarkers for the pathological state of HF [28]
miR-30b, miR-342-3p
miR-652-3p
miR-499 Reflecting myocardial damage in HF [29]
miR-1, miR-133a, miR-378 Preventing myocardial fibrosis [30,31]
miR-185, miR-155
miR-212/132 Promoting myocardial hypertrophy [32]
miR-23, miR-199
InNcRNA Wisper Specific regulators of cardiac fibroblast proliferation, migration and survival [33]
Meg3 Preventing cardiac fibrosis and diastolic dysfunction [34]
circRNA MICRA Predicting left ventricular remodeling after AMI [35]
HRCR Inhibiting myocardial hypertrophy and HF [36]
CTTN1, cTTN2, cTTN4 RNA-binding motif protein 20 -dependent circRNAs [37]
cTTN5, CAMK2D
Foxo3 Promoting cardiac senescence [38]
CZNF292 Exhibiting proangiogenic activities in vitro [39]
CDR1AS Related to the apoptotic process [40]
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Table 3 Epigenetics associated with HF

Category Related substance Reference
DNA methylation HEY2, MSR1, MYOM3, COX17 [50]
CTGF, MMP2, miR-24-1, miR155
Histone modification BRD4 [51]

WA, B T I A B 1 T O ILEF 4R K 16 9T 1 BRDA
B gt T B IR

24 FEARAZ EOFAEEUEARANTRL
X, M EE AR b BRI 7 DR AH T 304 1 BR 1 R AR
HRYIRE. AR PR 70N ECM. O UL i
BB SR S5 R L e R AR RO UL R S B R 1
AR, 75 HF R AL T8 K A b S 4 1 % R
R R E T EE IR,

A A b BT T R B HF (A [R5 242
HERE, gk 4 FoRees, LA & A (cTn) 1l
T VE ST2 (sST2). - FLHE Bt 5 & 3 (Gal-3) MK 71k
[A-¥- 15 (GDF-15) # #E 47 H] T HF 8932 W A3 s EA

TE— TP R M HF AH SCHLHI it e e, i i
B A ITVETR T HE B3 R B2 R
1252 FREE I . %50 tH 1) 38 B A 15 Ik HF 1) 3
MU AL H5 2 AE AR T ECM 28 | I 85 A sl A AR K 1
JE VT AR, Ak, B R R A TE O LR JE (1
A HER B L0 T RE T T B HF 1) e i FE v R i
— JE A FH IO
25 KHEZE RWAHEENRFTEYER D
AR L8 =4 1) 1 b 70 T DR R IA R 8 1 Th R ol
GG R AR 2R I o B ] 5 R v SR
12 N T AE bR B A R 2 W 28R T A
i) VAR A RN ST, R 52 S HF A
gy,

O LA A0 HF 1 8 22 0 B 2, 7 HF it Je
ok 0 UG U 5 R W R (free fatty acid, FFA). i
%) B L FLIR A A B S B IR A6 e & AU R 1 A
FARAE T AR KA 371, N 23 300 I AT K 22 30 AR

210 HF A rh 1) FREA AR R AIG, 1T 36 267 B AT 1R A2 4
IAEAE G000 T A4 W AR Dy 2 ol o0 JUE AT 0] JER 407678,
AWK, -7 % B L 7% 12 55 11 2 (sodium glucose
cotransporter-2, SGLT-2) 11l 771 {4 1 4] 4 XeF -0 JUE 119 £
P4 R o 3 e B 0O JTL XS A A ) R gk T 3 e L
FERE, R EAREMN, S5O DR, SOHE A
% (branched chain amino acid, BCAA) X} HF J5 B 4 &
IR Ty R P A 1) 2k it B T AE 1 EE R %), R
M R 0 — A5 3. IR AE HF (1) 90 L
R R EBEER . 187 HF 835 8RR L R
2R A9, KL T LC-MS 1 Jfi5 ot 4 2 A 5 30 e 40 HIF i
B AS LD NG 197 B Ja /D, #  t fe3E %2, U HF
B R K B A B (C22:11C24:1) HTE R
E T R,

AN T ) A= A v R 1 % I AR i i o A I

T o EEANTE], SR 1 R BT 0 R, T 5
I R B A3 9T . R *H NMR J7 1%, B 43 2141 5%
NRE B HE B (BFE PR B, #0 & E Apo-Al., Apo-
A2 Fil Apo-B 134 )% Jo LDL FURL )0, 5 Fae 7] L
F AR ic AR I 20 BT 45 & NMR 5L MS 15 575 47 41 i
AR TR AR TE R ES, R 6% DU i LA U (1)
g A, v H TR IR T BRI E R
MAEDIhR £ -
26 ZEZFHHENA m@EENFEAR (high-
throughput sequencing, HTS) A DL 4= F& [R 41 () f 7¢ )7
TN T B 2 A A (1 A8 A A e 3 0L 383 A 12 1 R A O i
(Rl X AT I 7E, B R AL AR 20 R mT DR LA
Bl B BRI = B [R5 o A s . S AR 2
EO7VE, PRBNRE 8 i R AN RRE 2 T 2%, K T8 40
PrdE, ATASA B B SEEG 50 IE o Rl R, O LR
HF ()7 1 R B 524k 7 ofr i 75 32, 2% 2 (R kG 7
HF B 7 H (1 52 L 3% 6188,

HERALGEORAE A T RS iE
NT-proBNP 7K . Ifil 4 1 & 1 /K ¥ A 25 m] 3 4 1 4

Table 4 Biomarkers reflecting the different pathophysiological processes of HF. ANP: Atrial natriuretic peptide; MR-proANP: Midregional

pro atrial natriuretic peptide; GDF-15: Growth differentiating factor-15; NRGs: Neuregulins; CRP: C-reactive protein; TNF-a: Tumor necro-

sis factor-a; 1L-1/6/18: Interleukin-1/6/18; PCT: Procalcitonin; ADPN: Recombinant adiponectin; MMPs: Matrix metalloproteinases; hsTn:

High-sensitivity troponin; CK-MB: Creatinine kinase-MB fraction; MLCK: Myosin light chain kinase; HFABP: Heart-type fatty acid bind-

ing protein; MPO: Myeloperoxidase

Category Biomarker Reference
Myocyte stretch ANP, BNP/NT-proBNP, MR-proANP
GDF-15, NRGs
Inflammation CRP, TNF-q, IL-1/6/18, PCT, ADPN [53]
Myocardial hypertrophy/Fibrosis sST2, Gal-3, MMPs [54]
Myocardial injury TnT/Tnl, hsTn, CK-MB, MLCK, HFABP
Oxidative stress MPO, OX-LDL
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Table 5 Metabolites and their metabolic pathways related to HF.
PC: Phosphatidylcholines; PE: Phosphatidylethanolamine

Category Metabolite Reference
Glucose me- Citrate [58, 59]
tabolism Succinate [60]

2-Oxoglutarate [61]
Lactic acid [58, 62]
Amino acid Isoleucine, leucine, valine, lysine, [58, 63]
proline, tyrosine, alanine [62]
Glutamine [59, 60]
Glycine [59]
Phenylalanine, histidine [64, 65]
Lipid FFA [66, 67]
PC, lyso-PC, lyso-PE [65, 68, 69]
Ceramides [70]
Sphingomyelins [68, 71]
Ketone body Acetone [72]
Acetoacetate, 3-hydroxybutyrate [60]

Table 6 The associations of omics in the study of HF

Integration Research result Reference
Genomics and Supporting a role for sIL-2Ra in [81]
Proteomics atherosclerosis
Epigenomics and  Providing quantitative information [82]

Transcriptomics ~ about epigenetic changes, gene
expression and splicing variants
Purine metabolic pathway and fatty [83]
acid metabolism are changed in

atrial fibrillation

Proteomics and
Metabolomics

NS ZR-2RaBIK P AN A AR S AR ORI S (] o B 15 3R
SEA AN S AT 4R 4 1 A7 R R A% AR AL VAL A
AL BT E AR RE T AR R, W BT T 0 AR RS
AR T AR DL PR 5T AR A BT T S R
B AL AN AL A B (0 45 T DL R — 2k e B

Zhou 5355 & A 27 L B E U - O WE FE 4R 3

T HF J5 050 5 B A F5 3% AR bR 54, 45 R R B Bt
SR Y 24 AR L 16 FhIR J5ORT 16 R 1 R
A, TR A A T ER R T2 W s B
1] RE 1R AL AR Db S50 9 S s B 2 (4 s BRLIE S AN
B TT R A E S TR R . B3 RIR B HLAE
HF BF 72 R 8
3 HFEMRAEHFFHINA
3.1 HFHEIFIR DCM FIAEJE AL UL (hypertrophic
cardiomyopathy, HCM) & HF iz = (1) /% K6 K . LA
DCM F1HCM A3 10 WL 72 B S DR 0, 4H 27 4%
ARINEE T SLER BTN 5 O U3 AH S8 A5 AR S 1R R
P o R BT T 0 LI XU 23 J2 DA % 5% B o UL
1 2 o

2019 4 ) — TG0 RIASE 1) I A 44 A 21 N B A S 18
F U, JE L M R 40 A1 DNA HEE Ak 7K S A7 0 A
KA MIATCAD XU o 86 H 48 A JE CAD 1 11
461 54~ A, E-F- 15 10.2 48 (1 Bl U5 S 1) Y, L% AF 1895
il CAD # e AN S £F A1 1 183 4 MI A e A4S K 4F .
521 CpG Az s I EAL K- 5 CAD BUMI A K. 148
CpG 5 7545 ¥ 15 v B A SR (0 56 R A 3R IE A K,
IFi o 55 7 i [R] 200 R0 2 08 Ik R 280 1 PRl P R0 3 6 ot o7 %5 ik
DR, I3/ 45 AH 5% 1) CAD JXUJE 525 [RI 26 1) 4H 5% o 36 iE I
7 IR DNA H AL 7K P 5 AN A NBE A R & 42 CAD
1 XS 5 5%, S CAD M 8% HF B T 577 $2 (L 38 1 LA
3.2 HFHISER YulRI4LERE A E S5 2 kT
BURGLI S T S 8e ke 5 &, M Ht— B4R T
FURELR BN B4 T AL

Rommel £z F 4 3 R 20 5 [R1 R 38 4 41 77 v %
€ i HFpEF & 3% (n = 719) AIXt 3 (n = 1 106) (17 17
N ERLIEFERH . XA N 1 R T )

Figure 3 Omics-based analysis of heart failure. SFAS: Tumor necrosis super family 6
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e 5 BUHFpEF 7 i ME R fE ML AR TR i . b
Bt 50 % SR F miRNAs FRFE AT LA IX 43 HF i85 AT
W& 4 I [X 4> HFrEF Al HFpEF®e, [ I %} HFpEF %
5 HFrEF 23 (94 2 2 f 70088735 B, HFpEF &34
(1% 15 5 Ll S g JUTLIT SR I T R 2 I i
B REAG B B IR R A (C24:) SR B EER. It
Ab5 HF 12 Wi K 43 B4R 9% AT 038 6 {8 PR 5 A1 - i
I R TR 2 L H &R\ 2'- B ER B LR A% B -5-
T T 5 90 | gt 25k PAY i (80Y | JR IE 25 A Wi I (30 1)I194E

Rosa-Garrido 558R F 4= J (A 28 4 (0 )53 74 52 41l 3%
(Hi-C) H1 DNA I F %t s 7y 76 A7 A 15 3 400 JULAE DK 1
N MEZAHEAT 40 B, PEAY T 2 W0 558 DR 28 76 O I R
ML A 7, F B % €8 5 (1 k25 4) 22 99 25 388 Jn HF
iP5

HHE R 5E & A R AL T VR O SO
DCM #H 5% ] CHRM2 3£ [X] C722G 2245 15 i K 1 &
JRZH AT T AT O G, SE X 8 B AT B X0 T R FR A S
REAE R E Q3T 7 e
3.3 HF TN 24592 R 41 2= 72 29097 38
AR ARSI A EEEEH. 6
1, 54— AN AN CYP2D6 T R B 1% B Sk s 714 45 £
FE K (CYP2D6*5, *10, *41 55) f A (a4 i & (IM) 5K
R (PM), Z9P0 0 I 259K B & 57 F 1E % AN, B
WE 7 W 45T CYP2D6 PMs FllHE PMs [H] 2 51 & (1) 3£+
1R, PM ZHL IR SEFE I R I 96 B A2 3E PM 2 11 4.9 £i%,
H I B ANET 5K IR KT 35 B ik s 1) PR AR B 6 3 K T
4 PMstod,

ACEI/ARB /& HF J8 J7 If1 5 2 2 %) . ACEI/ARB
(AN RS 7 455 e K I B 4P 7 KK I R g 44 i i
2, A 25 R W, ACE 5] ff) gz gk A if A i 48
PEZK I 53 & 2 MUK RS A 2, ACEI/ARB %)
A RNER 2 AR AR S A R R AW
16IT o

PG 2597 1A AE 205 HF RE IR A0 B AR HF BB T 28 07 T
B RUF B8R, 1T i e kg 2 2 e e AG 5] i
PITHF B E, 25807 Bon i 7 MEERY T 2. DA
TR SR SR S 2 RS R H 2
PR BB T IR LB MER . AR, X 48 25 3 S 1
RIE R ZIRE FLERAL T 77 SR M 48 25 B 2% [
%2 M 2 BRG I  V0 B R0 LIS RS 28 TP I
Fr 0 PG 0915 i 25 52 J5 (A R LI ) it FE BUAS 1 BR
Bt

HF GC-MS.LC-MS F1 LC-MS/MS H) 40 2= AR %
95 T B )5 0 TR HIF K BRI YA A 0 A DG AR 4 ik
FTHRGIN, 25 5 3% BH 1S 1 O JE i o 3 0 UL A AR 1 AT

AT 2 PR DAL G A A ) UE B R, AE 2% HF g
LGN e 0 A VTS U NS R
[TAPS] B BT SR VS (BT b o 2057 D7 VR A R B
Z M SRR s T 2535 9T HF SR A LA o
34 HFWITE HF 83 591705 5 5 W% v i A
7, 7" H HF (35 -1 2999 5L F 4 40%~50%, 18 1 HF
[ T 5 52 AF 08 R PE B i 20 B0 S5 2 R R 2 . X HF
BT I R AT M DN I SR T A e, A BT
s .

Xiao FE0f Bl U7 147 1 96 191 S e HIF i35 [ A 7
25 3291, miR-30d w1 1F Oy S HIF B 2R 77 2 {0 TN
fabr. HAPITERY], KK miR-423-5p 5 HF 8 %
[ 10 Ji5 #H OG0T, Hollander 251003z H [R]437 25 Fx 1 AH X
4 %ot o2 B - Jfi 1% (isobaric tags for relative and absolute
quantification-mass spectrometer, iTRAQ-MS) 2 fiffi &
TR AT AN E AU EDSREY), XA EY S
BNP il #H 25 &, Be % X 8 2 R S5 Pk B4 Lk 47 o7
it o XX T 58 1) AL VBRI 75 v, mT R T B U HF
T 5 15 &L, AT AE HF B8 245 3 0 B4k

12 I UPLC J &3k MS BRI 5E JF 734t 171 084 44
S AR ML rh 0o 75 G R % % i gt R PR B /K - D HF
&4 fa [ R = Ab 78 1 ARG B0, H B S AN [\ 4
W HF 883 A i 52 33 11 1 2% AU i3k AT ot 1% 40
SERFRWIH W AR R SRS R BRI LU T IR AR
SVH VRS S BN T R IR = A R A A
FE AR BNP A% S 16 6 5 21 1 1% 0 T 7] 9 HF &2
AL T Gal-3 i 7l 5 A i 0%
4 REBEERE

BRI 2H 5 e e A RO DR A A B o 4
T ARG S AR 3 7 HF 2 Wr IR 97 X TS 1A
Ft, A — S8 TR v | 55 A B 14 R 26 27, o B g P 2
FAFEA AR ENAERNORE . EAD
A 2 = B B R Fg, 22 20 5 B B G 20 T 6 3 o A 9 40
WSS T AR, & AL AR HE A B e, A HF SR O
JUE R A o0 JULEE R 1) A 0 b A5 A O T R T
FT AR A B R, RS HE = 97 J7 TH] R 44 8k 8 =8 2 1)
M. EREERRZ, L0 2 HE NS B AR KR
FE EJRIBR T 523 A, O 1 S A AR R A S 2 Rl 2
AR, RIS T IRIK, 17 E I R E R ME
Gy TAE W AEYE B 5 TR, DO 5 0 i 2 41 2%
9%

References

[1] Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA
focused update of the 2013 ACCF/AHA guideline for the man-



e H A 0 JiaE

wF5t

SEERE Vi

839

[2]

[3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

agement of heart failure: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines and the Heart Failure Society of America [J].
J Am Coll Cardiol, 2017, 70: 776-803.

Hu SS, Yang YJ, Zheng Z, et al. Summary of the 2018 report on
cardiovascular diseases in China [J]. Chin Circ J (7 E & ¥ 4%
&), 2019, 34: 209-220.

Smith JG. Molecular epidemiology of heart failure: translational
challenges and opportunities [J]. JACC Basic Transl Sci, 2017,
2: 757-769.

Seferovic PM, Polovina M, Bauersachs J, et al. Heart failure
in cardiomyopathies: a position paper from the Heart Failure
Association of the European Society of Cardiology [J]. Eur J
Heart Fail, 2019, 21: 553-576.

Meijers WC, de Boer RA. Common risk factors for heart failure
and cancer [J]. Cardiovasc Res, 2019, 115: 844-853.

Woo AYH, Song Y, Xiao RP, et al. Biased p2-adrenoceptor
signalling in heart failure: pathophysiology and drug discovery
[J]. Br J Pharmacol, 2015, 172: 5444-5456.

Norgard NB, Hempel C. Towards precision in HF pharmaco-
therapy [J]. Curr Heart Fail Rep, 2017, 14: 1-6.

Raghow R. An 'Omics' perspective on cardiomyopathies and
heart failure [J]. Trends Mol Med, 2016, 22: 813-827.
Rosenbaum AN, Pereira N. Updates on the genetic paradigm in
heart failure [J]. Curr Treat Options Cardiovasc Med, 2019, 21: 37.
Cappola TP, Li M, He J, et al. Common variants in HSPB7
and FRMD4B associated with advanced heart failure [J]. Circ
Cardiovasc Genet, 2010, 3: 147-154.

Smith NL, Felix JF, Morrison AC, et al. Association of genome-
wide variation with the risk of incident heart failure in adults
of European and African ancestry: a prospective meta-analysis
from the cohorts for heart and aging research in genomic epide-
miology (CHARGE) consortium [J]. Circ Cardiovasc Genet,
2010, 3: 256-266.

Morrison AC, Felix JF, Cupples LA, et al. Genomic variation
associated with mortality among adults of European and African
ancestry with heart failure: the cohorts for heart and aging
research in genomic epidemiology consortium [J]. Circ Cardio-
vasc Genet, 2010, 3: 248-255.

Smith JG, Felix JF, Morrison AC, et al. Discovery of genetic
variation on chromosome 522 associated with mortality in heart
failure [J]. PLoS Genet, 2016, 12: e1006034.

Parsa A, Chang YPC, Kelly RJ, et al. Hypertrophy-associated
polymorphisms ascertained in a founder cohort applied to heart
failure risk and mortality [J]. Clin Transl Sci, 2011, 4: 17-23.
Stark K, Esslinger UB, Reinhard W, et al. Genetic association
study identifies HSPB7 as a risk gene for idiopathic dilated
cardiomyopathy [J]. PLoS Genet, 2010, 6: e1001167.

Meder B, Rihle F, Weis T, et al. A genome-wide association

study identifies 6p21 as novel risk locus for dilated cardiomy-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31

[32]

opathy [J]. Eur Heart J, 2013, 35: 1069-1077.

Villard E, Perret C, Gary F, et al. A genome-wide association
study identifies two loci associated with heart failure due to
dilated cardiomyopathy [J]. Eur Heart J, 2011, 32: 1065-1076.
Verweij N, Eppinga RN, Hagemeijer Y, et al. Identification of
15 novel risk loci for coronary artery disease and genetic risk of
recurrent events, atrial fibrillation and heart failure [J]. Sci Rep,
2017, 7: 2761.

Howson JMM, Zhao W, Barnes DR, et al. Fifteen new risk
loci for coronary artery disease highlight arterial-wall-specific
mechanisms [J]. Nat Genet, 2017, 49: 1113.

Cresci S, Pereira NL, Ahmad F, et al. Heart failure in the era of
precision medicine: a scientific statement from the American
Heart Association [J]. Circ Genom Precis Med, 2019, 12: 458-
485.

Hannah-Shmouni F, Seidelmann SB, Sirrs S, et al. The genetic
challenges and opportunities in advanced heart failure [J]. Can J
Cardiol, 2015, 31: 1338-1350.

van der Ende MY, Said MA, Van Veldhuisen DJ, et al. Genome-
wide studies of heart failure and endophenotypes: lessons
learned and future directions [J]. Cardiovasc Res, 2018, 114:
1209-1225.

Abuzaanona A, Lanfear D. Pharmacogenomics of the natriuretic
peptide system in heart failure [J]. Curr Heart Fail Rep, 2017,
14: 536-542.

Mottet F, Vardeny O, De Denus S. Pharmacogenomics of heart
failure: a systematic review [J]. Pharmacogenomics, 2016, 17:
1817-1858.

Boon RA, Jaé N, Holdt L, et al. Long noncoding RNAs: from
clinical genetics to therapeutic targets? [J]. J Am Coll Cardiol,
2016, 67: 1214-1226.

Wong LL, Zou R, Zhou L, et al. Combining circulating microRNA
and NT-proBNP to detect and categorize heart failure subtypes
[J]. 3 Am Coll Cardiol, 2019, 73: 1300-1313.

Giacca M, Zacchigna S. Harnessing the microRNA pathway for
cardiac regeneration [J]. J Mol Cell Cardiol, 2015, 89: 68-74.
Ovchinnikova ES, Schmitter D, Vegter EL, et al. Signature of
circulating microRNAs in patients with acute heart failure [J].
Eur J Heart Fail, 2016, 18: 414-423.

Corsten MF, Dennert R, Jochems S, et al. Circulating microRNA-
208b and microRNA-499 reflect myocardial damage in cardio-
vascular disease [J]. Circ Cardiovasc Genet, 2010, 3: 499-506.
He M, Yang Z, Abdellatif M, et al. GTPase activating protein
(SH3 domain) binding protein 1 regulates the processing of
microRNA-1 during cardiac hypertrophy [J]. PLoS One, 2015,
10: e0145112.

Chen S, Puthanveetil P, Feng B, et al. Cardiac miR-133a overex-
pression prevents early cardiac fibrosis in diabetes [J]. J Cell
Mol Med, 2014, 18: 415-421.

Ucar A, Gupta SK, Fiedler J, et al. The miRNA-212/132 family



840

Zy%% %4k Acta Pharmaceutica Sinica 2020, 55(5): 832 -842

[33]

[34]

[35]

[36]

[37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

regulates both cardiac hypertrophy and cardiomyocyte autophagy
[J]. Nat Commun, 2012, 3: 1078.

Micheletti R, Plaisance I, Abraham BJ, et al. The long noncoding
RNA Wisper controls cardiac fibrosis and remodeling [J]. Sci
Transl Med, 2017, 9: eaai9118.

Piccoli MT, Gupta SK, Viereck J, et al. Inhibition of the cardiac
fibroblast-enriched IncRNA Meg3 prevents cardiac fibrosis and
diastolic dysfunction [J]. Circ Res, 2017, 121: 575-583.

Vausort M, Salgado-Somoza A, Zhang L, et al. Myocardial
infarction-associated circular RNA predicting left ventricular
dysfunction [J]. J Am Coll Cardiol, 2016, 68: 1247-1248.

Wang K, Long B, Liu F, et al. A circular RNA protects the heart
from pathological hypertrophy and heart failure by targeting
miR-223 [J]. Eur Heart J, 2016, 37: 2602-2611.

Khan MAF, Reckman YJ, Aufiero S, et al. RBM20 regulates
circular RNA production from the titin gene [J]. Circ Res, 2016,
119: 996-1003.

Du WW, Yang W, Chen Y, et al. Foxo3 circular RNA promotes
cardiac senescence by modulating multiple factors associated
with stress and senescence responses [J]. Eur Heart J, 2016, 38:
1402-1412.

Boeckel JN, Jaé N, Heumdiller AW, et al. Identification and
characterization of hypoxia-regulated endothelial circular RNA
[J]. Circ Res, 2015, 117: 884-890.

Geng HH, Li R, Su YM, et al. The circular RNA Cdrlas
promotes myocardial infarction by mediating the regulation of
miR-7a on its target genes expression [J]. PLoS One, 2016, 11:
e0151753.

Tijsen AJ, Pinto YM, Creemers EE. Circulating microRNAs as
diagnostic biomarkers for cardiovascular diseases [J]. Am J
Physiol Heart Circ Physiol, 2012, 303: H1085-H1095.

Wang H, Cai J. The role of microRNAs in heart failure [J].
Biochim Biophys Acta Mol Basis Dis, 2017, 1863: 2019-2030.
Salamon [, Jotti GS, Condorelli G. The long noncoding RNA
landscape in cardiovascular disease: a brief update [J]. Curr Opin
Cardiol, 2018, 33: 282-289.

Werfel S, Nothjunge S, Schwarzmayr T, et al. Characterization
of circular RNAs in human, mouse and rat hearts [J]. J Mol Cell
Cardiol, 2016, 98: 103-107.

Devaux Y, Creemers EE, Boon RA, et al. Circular RNAs in heart
failure [J]. Eur J Heart Fail, 2017, 19: 701-709.

Zhao G. Significance of non-coding circular RNAs and
microRNAs in the pathogenesis of cardiovascular diseases [J]. J
Med Genet, 2018, 55: 713-720.

Costantino S, Libby P, Kishore R, et al. Epigenetics and preci-
sion medicine in cardiovascular patients: from basic concepts to
the clinical arena [J]. Eur Heart J, 2017, 39: 4150-4158.
Alexanian M, Padmanabhan A, McKinsey TA, et al. Epigenetic
therapies in heart failure [J]. J Mol Cell Cardiol, 2019, 130:
197-204.

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Meder B, Haas J, Sedaghat-Hamedani F, et al. Epigenome-wide
association study identifies cardiac gene patterning and a novel
class of biomarkers for heart failure [J]. Circulation, 2017, 136:
1528-1544.

Glezeva N, Moran B, Collier P, et al. Targeted DNA methylation
profiling of human cardiac tissue reveals novel epigenetic traits
and gene deregulation across different heart failure patient
subtypes [J]. Circ Heart Fail, 2019, 12: e005765.

Stratton MS, Bagchi RA, Felisbino MB, et al. Dynamic chromatin
targeting of BRD4 stimulates cardiac fibroblast activation [J].
Circ Res, 2019, 125: 662-677.

Smith JG, Gerszten RE. Emerging affinity-based proteomic
technologies for large-scale plasma profiling in cardiovascular
disease [J]. Circulation, 2017, 135: 1651-1664.

Israr MZ, Heaney L M, Suzuki T. Proteomic biomarkers of heart
failure [J]. Heart Fail Clin, 2018, 14: 93-107.

Sarhene M, Wang Y, Wei J, et al. Biomarkers in heart failure:
the past, current and future [J]. Heart Fail Rev, 2019, 24: 867-
903.

Ferreira JP, Verdonschot J, Collier T, et al. Proteomic bioprofiles
and mechanistic pathways of progression to heart failure: the
HOMAGE study [J]. Circ Heart Fail, 2019, 12: e005897.

Yang S, Chatterjee S, Cipollo J. The glycoproteomics-MS for
studying glycosylation in cardiac hypertrophy and heart failure
[J]. Proteomics Clin Appl, 2018, 12: 1700075.

McGarrah RW, Crown SB, Zhang GF, et al. Cardiovascular
metabolomics [J]. Circ Res, 2018, 122: 1238-1258.

Tenori L, Hu X, Pantaleo P, et al. Metabolomic fingerprint of
heart failure in humans: a nuclear magnetic resonance spectros-
copy analysis [J]. Int J Cardiol, 2013, 168: e113-e115.

Zhang X, Liu H, Gao J, et al. Metabolic disorder in the progres-
sion of heart failure [J]. Sci China Life Sci, 2019, 62: 1153-1167.
Liu Y, Xu W, Xiong Y, et al. Evaluations of the effect of
HuangQi against heart failure based on comprehensive echocar-
diography index and metabonomics [J]. Phytomedicine, 2018,
50: 205-212.

Dunn WB, Broadhurst DI, Deepak SM, et al. Serum metabolo-
mics reveals many novel metabolic markers of heart failure,
including pseudouridine and 2-oxoglutarate [J]. Metabolomics,
2007, 3: 413-426.

Wang J, Li Z, Chen J, et al. Metabolomic identification of diag-
nostic plasma biomarkers in humans with chronic heart failure
[9]. Mol Biosyst, 2013, 9: 2618-2626.

Sun H, Olson KC, Gao C, et al. Catabolic defect of branched-
chain amino acids promotes heart failure [J]. Circulation, 2016,
133: 2038-2049.

Delles C, Rankin NJ, Boachie C, et al. Nuclear magnetic reso-
nance - based metabolomics identifies phenylalanine as a novel
predictor of incident heart failure hospitalisation: results from
PROSPER and FINRISK 1997 [J]. Eur J Heart Fail, 2018, 20:



e H A 0 JiaE

wF5t

) 2H 2 00 £ .- 841

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

7

[78]

[79]

663-673.

Cheng ML, Wang CH, Shiao MS, et al. Metabolic disturbances
identified in plasma are associated with outcomes in patients
with heart failure: diagnostic and prognostic value of metabolo-
mics [J]. J Am Coll Cardiol, 2015, 65: 1509-1520.

Lopaschuk GD, Ussher JR, Folmes CD L, et al. Myocardial fatty
acid metabolism in health and disease [J]. Physiol Rev, 2010, 90:
207-258.

Doenst T, Nguyen TD, Abel ED. Cardiac metabolism in heart
failure: implications beyond ATP production [J]. Circ Res, 2013,
113: 709-724.

Zordoky BN, Sung MM, Ezekowitz J, et al. Metabolomic finger-
print of heart failure with preserved ejection fraction [J]. PLoS
One, 2015, 10: e0124844.

Marcinkiewicz-Siemion M, Ciborowski M, Ptaszynska-Kopc-
zynska K, et al. LC-MS-based serum fingerprinting reveals sig-
nificant dysregulation of phospholipids in chronic heart failure
[J]. J Pharm Biomed Anal, 2018, 154: 354-363.

Brunjes DL, Dunlop M, Wu C, et al. Analysis of skeletal
muscle torque capacity and circulating ceramides in patients
with advanced heart failure [J]. J Card Fail, 2016, 22: 347-355.
Stenemo M, Ganna A, Salihovic S, et al. The metabolites
urobilin and sphingomyelin (30: 1) are associated with incident
heart failure in the general population [J]. ESC Heart Fail, 2019,
6: 764-773.

Kang SM, Park JC, Shin MJ, et al. *H nuclear magnetic resonance
based metabolic urinary profiling of patients with ischemic heart
failure [J]. Clin Biochem, 2011, 44: 293-299.

Peterzan MA, Lygate CA, Neubauer S, et al. Metabolic remodeling
in hypertrophied and failing myocardium: a review [J]. Am J
Physiol Heart Circ Physiol, 2017, 313: H597-H 616 .

Ikegami R, Shimizu I, Yoshida Y, et al. Metabolomic analysis in
heart failure [J]. Circ J, 2017, 82: 10-16.

Hunter WG, Kelly JP, lii MG, et al. Metabolic dysfunction in
heart failure: diagnostic, prognostic, and pathophysiologic insights
from metabolomic profiling [J]. Curr Heart Fail Rep, 2016, 13:
119-131.

Bedi Jr KC, Snyder NW, Brandimarto J, et al. Evidence for intra-
myocardial disruption of lipid metabolism and increased myocar-
dial ketone utilization in advanced human heart failure [J]. Circu-
lation, 2016, 133: 706-716.

Chen L, Song J, Hu S. Metabolic remodeling of substrate utiliza-
tion during heart failure progression [J]. Heart Fail Rev, 2019,
24:143-154.

Aubert G, Martin OJ, Horton JL, et al. The failing heart relies on
ketone bodies as a fuel. Clinical perspective [J]. Circulation,
2016, 133: 698-705.

Santos-Gallego CG, Requena-lbanez JA, San Antonio R, et al.
Empagliflozin ameliorates adverse left ventricular remodeling in

nondiabetic heart failure by enhancing myocardial energetics [J].

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

J Am Coll Cardiol, 2019, 73: 1931-1944.

Bell JD, Sadler PJ, Macleod AF, et al. *H NMR studies of human
blood plasma assignment of resonances for lipoproteins [J].
FEBS Lett, 1987, 219: 239-243.

Durda P, Sabourin J, Lange EM, et al. Plasma levels of soluble
interleukin-2 receptor «: associations with clinical cardiovas-
cular events and genome-wide association scan [J]. Arterioscler
Thromb Vasc Biol, 2015, 35: 2246-2253.

Perrino C, Barabési AL, Condorelli G, et al. Epigenomic and
transcriptomic approaches in the post-genomic era: path to novel
targets for diagnosis and therapy of the ischaemic heart? Position
Paper of the European Society of Cardiology Working Group on
Cellular Biology of the Heart [J]. Cardiovasc Res, 2017, 113:
725-736.

Zhou J, Sun L, Chen L, et al. Comprehensive metabolomic and
proteomic analyses reveal candidate biomarkers and related
metabolic networks in atrial fibrillation [J]. Metabolomics, 2019,
15: 96.

Agha G, Mendelson MM, Ward-Caviness CK, et al. Blood
leukocyte DNA methylation predicts risk of future myocardial
infarction and coronary heart disease: a longitudinal study of
11461 participants from population-based cohorts [J]. Circula-
tion, 2019, 140: 645-657.

Rommel KP, Kirsten H, Beser C, et al. Genome-wide gene
expression analysis reveals pathomechanisms in patients with
heart failure and preserved ejection fraction (HFpEF) -Insights
from the Leipzig Heart Study [C]. NJ USA: Wiley, 2019.

Watson CJ, Gupta SK, O'Connell E, et al. MicroRNA signatures
differentiate preserved from reduced ejection fraction heart
failure [J]. Eur J Heart Fail, 2015, 17: 405-415.

Zordoky B, Miranda Sung J, Ezekowitz RM, et al. Serum
metabolomics reveal a distinct fingerprint of heart failure with
preserved ejection fraction [J]. J Mol Cell Cardiol, 2015, 85: S1-
S56.

Lanfear DE, Gibbs JJ, Li J, et al. Targeted metabolomic profiling
of plasma and survival in heart failure patients [J]. JACC Heart
Fail, 2017, 5: 823-832.

Rosa-Garrido M, Chapski DJ, Schmitt AD, et al. High-resolution
mapping of chromatin conformation in cardiac myocytes reveals
structural remodeling of the epigenome in heart failure [J]. Circu-
lation, 2017, 136: 1613-1625.

Hou D, ChenY, Liu J, et al. Proteomics screen to reveal molecu-
lar changes mediated by C722G missense mutation in CHRM2
gene [J]. J Proteomics, 2013, 89: 39-50.

Rau T, Wuttke H, Michels LM, et al. Impact of the CYP2D6
genotype on the clinical effects of metoprolol: a prospective
longitudinal study [J]. Clin Pharmacol Ther, 2009, 85: 269-272.
Flaten HK, Monte AA. The pharmacogenomic and metabolomic
predictors of ACE inhibitor and angiotensin Il receptor blocker

effectiveness and safety [J]. Cardiovasc Drugs Ther, 2017, 31:



842 - Zy%% %4k Acta Pharmaceutica Sinica 2020, 55(5): 832 -842

471-482.

[93] Fang HY, Zeng HW, Lin LM, et al. A network-based method for
mechanistic investigation of Shexiang Baoxin Pill's treatment of
cardiovascular diseases [J]. Sci Rep, 2017, 7: 43632.

[94] Wu L, Wang Y, Li Z, et al. Identifying roles of "Jun-Chen-Zuo-
Shi" component herbs of QiShenYiQi formula in treating acute
myocardial ischemia by network pharmacology [J]. Chin Med,
2014, 9: 24.

[95] Wu RM, lJiang B, Li H, et al. A network pharmacology approach
to discover action mechanisms of Yangxinshi Tablet for improv-
ing energy metabolism in chronic ischemic heart failure [J]. J
Ethnopharmacol, 2020, 246: 112227.

[96] Fu J, Chang L, Harms AC, et al. A metabolomics study of
Qiligiangxin in a rat model of heart failure: a reverse pharma-
cology approach [J]. Sci Rep, 2018, 8: 3688.

[97] Dawei Y, Xiaoxing W, Yaping W, et al. Urinary metabolomic
profiling reveals the effect of Shenfu Decoction on chronic heart
failure in rats [J]. Molecules, 2015, 20: 11915-11929.

[98] Zhang X, Wang Q, Wang X, et al. Tanshinone IIA protects

against heart failure post-myocardial infarction via AMPKSs/
mTOR-dependent autophagy pathway [J]. Biomed Pharmacother,
2019, 112: 108599.

[99] XiaoJ, Gao R, Bei Y, et al. Circulating miR-30d predicts survival
in patients with acute heart failure [J]. Cell Physiol Biochem,
2017, 41: 865-874.

[100] Seronde MF, Vausort M, Gayat E, et al. Circulating microRNAs
and outcome in patients with acute heart failure [J]. PLoS One,
2015, 10: e0142237.

[101] Hollander Z, Lazarova M, Lam KKY, et al. Proteomic biomarkers
of recovered heart function [J]. Eur J Heart Fail, 2014, 16:
551-559.

[102] Wang CH, Cheng ML, Liu MH. Simplified plasma essential
amino acid-based profiling provides metabolic information and
prognostic value additive to traditional risk factors in heart
failure [J]. Amino Acids, 2018, 50: 1739-1748.

[103] Wang CH, Cheng ML, Liu MH, et al. Metabolic profile provides
prognostic value better than galectin-3 in patients with heart
failure [J]. J Cardiol, 2017, 70: 92-98.





