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Abstract ;

Heart failure is the end stage of cardiovascular diseases and its related biomarkers have attracted widespread attention. The

pathophysiology of growth differentiation factor 15( GDF-15) is closely related to heart failure. This article reviews the biological characteris-

tics of GDF-15, and its association with heart failure in the mechanism, diagnosis, therapy, prognosis and other aspects. As a new biomark-

er,GDF-15 can be used to enhance the efficiency of clinical practice in heart failure.

Key words:

H KA A F 15 (growth differentiation factor 15,
GDF-15) F 1997 4594 & B, 9 Ay 44 Ay 15 0 4410 40 o] R
+, TR AR I EI R R . S AN Y Kk
B GDF-15 i J&— B 1.0 LA DR 4P PR, BE 0 il
LR O UE SRR T R, 2R R,
FE U LG - P 0 R 8 S s g R T 7
YIS OC T, 3G GDF-15 ¥k B s Iy, Al A0 ) vl
PR A B sk S IS 15 B . {HJZ, GDF-15 7E.0
AP A FHALHIAT R BB . BLX) GDF-15 5.t
F1E R A SR A T B IR, DL T ff GDF-15 FE.0 1 3
Uy AR N T R R AN B
1 GDF-15 (&Y= 451

GDF-15 2 —FhAHX 73 ity 120 000 FY 53 44
RIEE A, HA RS AU 50 FEAE B T A
TR B AN S B S5V A AU i 2658 A O LA HA
PP LRI A F L, {2 GDF-15 & —Fp R i
B, EHA B ) Tl S LR, GDF-15 7.0
WS B P s A, B g K F i % B Jh. GDF-15
MR I8 32 2 i s I IR 95, UJG TG MR G 5 =40
A3 U6 AR 3R A 1 A Wb/ 55 43 WA F & Smad 2
AN Smad £ IS R R 40 I A5 4% S8 i &
FERN . {H GDF-15 XJ .0 ffE 2 #8 (9 4 ] B J& AL
[, AT H Smad 2/3 B¢ Smad 1 3xZ2/F L0 HUIE K
YEH, [FIE GDF-15 s W] g #F .0 LB 1 2 41 A 1) AR <
g e TR
2 GDF-15 fTEiy h =B HIERVLE

O 735 1) 32 2 R R AL 2 — O L L
¥, H B0 7 5 vy i R 1 O s R — 2 O LR BB 1Y
R TR ZE N o Wb R G A BE O T B R SR
IV & K- S S ] S o e i
P RAMIFSEER , AL A A B IR R
AR B B L L B S I BB 0 LA 2 3k 43
GDF-15 I, A W58 & M GDF-15 JEPR Gl i /N Bl
JUE 2 PR R AR A%, P N SRR Sy 0> 7 32 0, GDF-15 35 K]
FE, AT B 2800 77 5 8 1180 JUE 235 46 RN T REAS 321 Bt
AN 230 GDF-15 2 PR R 5 % 7% e 5 GDF-15
AR ARG RO WA, 3 ] 1 A
Sk 1R | A o 400 e 5% T FRUE R M B A Bl A
HATNe  H O A W, o0 07 3 g B0 UL AR IR R 3R R
GDF-15 , 331 5573 WAL 67 S e bl o = A o

growth differentiation factor 15 ;heart failure ; biomarker ; correlation

AN, 0 1 I U — Fh R AE LR A AE, A BT R
GDF-15 REASIN I F W 40 M 3% A , 38 v 90 284 1 4
JHOIZ , BEAS L T R4 N (5 53R 7 Fl 1 A e 5
EIOR SR NI K Bo a3 ) B A O R OIS
GDF-15 150 J1 3808 5 A AU T v A28 L 9 403 L S
SRS 7L A FIVER. A E
5t , GDF-15 70> 7 5 vy FEAE 33 ke 1o A b /R AL
&2 4%, AT RE A AN A0 B2, i —2 T i GDF-15
AIREHICE SAEAVE R e 20 s VR, A R 424
GDF-15 R8s Bl WA T A (i

Przybylowski %L(’J BIWF9E B 15Tl GDF-15 fy/KF
ST EA KARPRRIAEE , ABEE 400 134 BilEaERY
ONERSAE R 4 157 Btk f sl B 4, 45581
W] GDF-15 J 4k R 2 K S 76 W 20 i) 5 W 3% 22 5+,
GDF-15 5B T B8 AR IS 0 WE RS A sf [ 7 2 2 1 A
BE R R M LT R A G, 3T 2 R & 3R, 2k
JEIZE VLI B 5 1 20 B0 48 P O 1 52 38 /B % GDF-15
AP EAR A T P - R e A GDF-15 AT g i 5%
MRk £ 2 50 A6 B I AL & SRR
3 GDF-15 5 hEiEHEXHR

LT, [ P45 I 3E GDF-15 5.0 ) 3638 5 2 ik
FTIY I RAFFEIN A, GDF-15 A5 B oA O 1 vl 3 i A=
YR, BP0 g 3 vy 1) 7 SRR B, OF B H
T BB W SR 42 TS PG K R
ISP I VELEMNE o Kempf 250 58 1o Xt 429 41 fek
FEAMAK CEXIAERY 65 %) 1Ll GDF-15 /KA A6, £5
2T HATH NS IA) GDF-15 7K FhR#E: <1 200 ng/L
JIE # JEFEl, 1 200 ~ 1800 ng/L b 4% FF BB, >
1 800 ng/L KB Tt o
3.1 GDF-15 5 h=igis b

Wang % (WS EAL T GDF-15 7E .0 ) 538
AR Gy BE AT LEM (. 45 R W] GDF-15 5.0 )1 3¢
W B R IEASE . FEX B B BB 71 3l (A I
PR T v By B ) 4 T 1 ALk 0. 873 (P <0.001)
PRI U, GDF-15 e B Ty 5 0 T 3 vl i i JR i B 2%
DIMIC, HEA Tk nl ok B By BEO S 520 MR
Kempf 25" %} 455 {48 V50> ) 5800 R [ FHIAERE 64
2 A = S 535 (LVEFR) 8 32% 1 k47 T #F
58, RN, 0 T 3R B G GDF-15 K -F-BH I 3%
wLIE S5 A A0 TEE % (NYHA) (AN 3 i fiki 44



O IMAE e 2 3 2 2015 4F 11 H %5 36 255 6 1] Adv Cardiovasc Dis, Nov 2015 ,Vol. 36 ,No. 6 - 761 -

Jik (NT-proBNP) & IEAH &, H. GDF-15 7K 5 5 22
O PR R AT KR N AR B9 N A0 LVEF #9821 1
WA, B5 2 0 = WA Z [ HAG M BE
M. BFRE R RO il & b, GDF-15
54 ik ( BNP) Y5 RT Jsg mle s oy 3 ) ) 7™ B AR, I A
HFlLE GDF-15 5 BNP AL AT Sz e D REARZS , 1 B
W TENR P 0 7 5 B 1 o #L A PG R v g — A A
AP

H A&7 ok C o vy (RIS Il 20 008 B A0 ) 3
Uy, HFpEF ) 24 d7.0 Sy 5212 Wi i) 40% , 1 HAH Tk
AR RO vl HR R A6 R K0 LA A &
A Y Z IS R W] GDF-15 JKF 5 47 K
Ty RE B B 04 4 75 0 3l B 2 A48 AR A OG- Stahrenberg
U G BIF SR B 2 ol B 1M 43 $i b 240 (HFREF) (n
=86) FIHT I 53 B IE 5 41 (HENEF) (n = 142) | Jf i {g@
FEXTREZH (n = 188) A7 HLER . 25350 GDF-15 /K
1 HENEF J& 2 250l F HFREF, H ¥ 8 35 X
M4, JF & B GDF-15 JKF-5 AH 5 &7 5K D BE A8 75 0
SR Z A8, 221 6 438 DA TR0 PPl AR AR Y
AR ORI AL (7] 4 (SF-36 ) /RS PE4r 45 ARG . B4
H GDF-15 /K V-5 (5 12 sl Rk 71 3245 S A= 106 Joi i A 56
Bk, GDF-15 1 NT-proBNP 5 % — LU A2 Wik i )22
AW b 7S ) A A AR = 12 W W HE B P . Dinh
S SR T 26 IS5 E, I K B GDF-15 38 5 )
3t 37 B - BRI A 0 I ol AR b R B A O . ORI S A
b GDF-15 7K 37 0] X 43 J6 i AR 22 2 &F 5K T 6E B i
(LVDD) FIEH BIAF K I RE . B0 HEpEF™  H]
G2 B K 0 O 1350 2 W £ 2K T sh b A2
IR AR, B8k GDF-15 [A] BNP —FE 76
SRR AN AZ B BR 1, (AN B 240 AR 12 3 )oK
S G I AE L3 HFpEF 2 K Jy 18 2 5 i W8 76 A
@[15] 5

)5, Baessler aello T T RF Y 5 7 PEAL NT-
proBNP Fl GDF-15 7EJEHAE 3 HFpEF 15 5 X,
G587 T 207 IR A RERES [ B R 5L (41 +
8)kg/m” ], H:rf HFpEF 88 f3i], 72 &= T fig IE % 119 i,
5K I NT-proBNP 54 E n B LS H T K. Hit
#H5Z , HFpEF 21 GDF-15 #yH {3 £ 4%E HFpEF 41 I %
WE 665 pg/mL (496 ~ 926 pg/mL) 5 451 pg/mL
(392 ~679 pg/mL) ,P<0.000 1], A5k 0% FEF
S E/E E'HE E/A HAE A5 76T 5K i [a] | 330 5% it
bR C D WA 4 J0 L9 B4 5 2 R T | 22 s K /N i A
Ko W H ROC 2o A & 8 GDF-15 B I /& T NT-
proBNP(0. 74 vs 0. 56 ,P <0.001) , )i ] GDF-15% HF-
pEF G #4F N AE F1 . Bk, A 3R I R 5% T &
th, GDF-15 A7 B R A O J7 2 0812 W R ST T i A

Frds s 76 T )0 ) 32 v B8 35 b, GDF-15 %% NT-
proBNP B3 B MO ST IR AR 4 , PR 25 6 B A6 T
AT O ) R B2 W 2
3.2 GDF-15 5.0 h=iBHig

H A NS Z 58 RS2 GDF-15 J& 0 11 A
MBS bR S . Dirk 2% X} 209 {518 10
FIE R A (71 £10) % ,73% B4 ,97% NYHA
W2 ] 2508 A Wb & Y aEAT T 858, PEAL H 95 fig
J1o Wi TG NT-proBNP GDF-15 | = C 2 )i &
1 (hs-CRP) EFUBHEEEE R -3 (Gal-3) A BV & A
T (hs-TNT) (7KDL A A 2 BET- %, ROC £ T
1 () T B NT-proBNP 4 0. 63, GDF-15 7 0. 78,
hs-CRP # 0. 66, Gal-3 24 0. 68 ,hs-TNT 7 0. 68 ( P ¥ <
0.01) o FLPZR 43 M B4 A 22 4 8 T Bl 4= (K BB T
B, LA BT, W E R GDF-15  hs-CRP  hs-
TNT 52 FIET R M A, FEXTFSE 1, GDF-15
SR ) R TR AL B B AE TS bR, EE R
. NT-proBNPE 3

Tzumiya 251058 T 149 fi] LVDD H % GDF-15
K- BT A LVEF >50% , FF I PAia g0 i 48
AR KA VAL HAE HEpEF rh VS FETS RE ). M
B R AR L J1 v 43 HFpEF 21 LVDD 4,
5% & BRI GDF-15 K37 HFpEF 41 (n =73) W25
F LVDD 41 (n=76)[4 215 pg/mL(3 382 ~5 287 pg/
mL) vs 3 091 pg/mL (2 487 ~4 217 pg/mL), P <
0.000 1], Kaplan-Meier [ £k 4> #7310 & GDF-15 7K
2 A 0 LA A R AR AR, Cox [l AR 3
Mrn4E4 0 7 B 8l . BNP  GDF-15 0] £ Sk B 5 55
Pt Sy B R . R Ak GDF-15 J& HFpEF &
FITEA B TS bR

Eggers 21012371154 1 004 5] 70 % 5 813 f5i] 75 %
FEXEFENEAT TR 8 4519 GDF-15 Ik & 4G
D75 4y GDF-15 7K SF- 1 i B[] 3 5 348 o iy ok A8 2 44
X AR AR FET RS B TN H5 45 , GDF-15 ¥ i Bl 4T i
HEME el AR AT RE S0 LA fE B PR R | A 2 R Y
T RIE N EIBe A X, IR £, GDF-15 5
SO ML 99 S 75 i A O 1) A B R 2 DA 5
3.3 GDF-15 510 W EiBi&sT

ML A= ) bk W KA 8 097 MAE L, (H
GDF-15780> 1 55 vl 8 BRANFE TR 97 5 1 i [ 18
R SE o 76 K BB 5% 450 V0 3H 0 7 3 0 i 56 ( Val-
HeFT) 1 734 51| g 3% 21 F 38K - FI7E 1M A 5%
01 e LN E R B TR SN 7 | BT w WA A = K B
1M GDF-15 /KF-,85% g 1) GDF-15 B EWE ( >
1 200 ng/mL) , GDF-15 F:£8 7K 536 1 1 KUK Ko i
REIR A G TELR A 248 5 Cox [l A5 AU 53y



- 762 - O MER 2 0E 8 2015 4E 11 A48 36 55 6 W] Adv Cardiovasc Dis, Nov 2015 ,Vol. 36 ,No. 6

W1, GDF-15 JEBET- B9 30 7 W X+, (0 518 & 9 m =
PFETEH 12 A H i, 2R AR v 41 i GDF-15 7K
SRR B AR [ A5 AR R B A OE AR i e L, 12 S H
B GDF-15 (1 755 5 2 fe s FE 6 1 g U 0 =5 70 XU
M7 A s TFSE H NN, GDF-15 K SERGT 8] 725, 7l fig
W T —A IR Val-HeFT Hh ik Jy (36 7 BT 56 4 it
P A A . R4S GDF-15 Fnum 4 Sk % 1 324K
Z A AP ZR  (E ISR B i XU AR YT 5 8 vb i 2
(A M EAEH . I, GDF-15 780 J1 3508 45 S9697
J7 A A R — 5% .

Ahmad %5 W8T 37 (5.0 ) e R 200t
2o B B AL IR YT R R 24 13 38 A5 14 K P
254k, , Ho NT-proBNP  GDF-15 3L i 24 2 . Gal-3
hs-CRP 7667 7 i R I (R 4 RS A i, (R4 i 3%
S PRI A o0 g 5 0 i E AR P b 7 WK 9 AR
b, X0 F1 3B IR YT U A 1R T R X (A s
AP R T T R A I T AR W b R
S DR R Peeters 252 %F 622 {5118 40>
F R R FH (77 +8) %, 76% NYHA 4 4% =3,
80% LVEF<45% ) ,i#t47 T BNP 5] 357 FUEIR T | T
TBYT I LA, 45 945 Y NT-proBNP , GDF-15  hs-TnT F
fIk/K 1Y hs-CRP JBEHIEE C 5 NYHA 238% K S5
VK™ 5K A A W W 55 4H DG, BIVAE P56 7 0 A I IR )
SR FAAE S5 AH2E {0 NYHA B2 AR %4 558 FIARAE A 1R
KKFR . HIL, B E AT G PR ITEAR P A= P s 7
YIRS, AR S 5 50 1 B B RN YT I8
A RS
4 GDF-15 50 mEZHYHIEXH R

HAi2E T GDF-15 5.0 1ML 5 25 W 14 Al 26 0F 53 48
o FERIUHIF G 4R 0 0 F1 5 i 5 ( Val-HeFT) fiff
S5 7R, GDF-15 7K - Fifi i [0] i, LR 5 5 & R 4
VRIE IR T R AR, MO I GDF-15 5 45 Vb 48 2 ] 3%
HHHEAEF] ., PROVEIT-TIMI 22 i % B GDF-15 7K
ST 2GR 9T R FE T RV B 2 eIk 3l Bk 25
BT R O WU BE S TE I AR S PE Y
5 #iE

GDF-15 5.0 J) 58 0 AH C i 5% & 3, GDF-15 fE
Sk B ERLG A 5 500 01 52w 1) & A R
WG BB . HA BN IG IR A Wb &8, vl A B T
O 1 B B2 W B B4 2 | TS WEAG IR SR
T4k GDF-15 (15 1A Bl 10 1 08 () e 35, I b A
SER A D 7 B ) — FROIA I T B, {H il i 4
GDF-15 A A 75 18 - 1 00 £ 3 19 28 A A ol 37
IRIT LRI T B Z AR 38 . XF GDF-15 (195
T A B () 10— 2 B R TR R AR O ) R P R
FIRYT HARI &

[ & % 3¢ ik ]

Xu X, Li Z, Gao W. Growth differentiation factor 15 in cardiovascular diseases ;
from bench to bedside[ J]. Biomarkers,2011,16(6) :466-475.

PARBE 2D A 22, AR VB A G R B Z D12 . PR ) 3
SIZWTRNAIT IR R 2014 T]. AR IS4, 2014,42(2) 198-122.

Xu J, Kjmball TR, Lorenz JN, et al. GDF-I5/MIC-1 functions as a protective
and antihypertrophic factor released from the myocardium in association with
SMAD protein activation[ J]. Circ Res,2006,98(3) :342-350.

Kempf T, Wollert KC. Growth differentiation factor 15 ;a new biomarker in cardi-
ovascular disease[ J 1. Herz,2009 ,34(8) :594-599.

Putko BN, Yogasundaram H,Oudit GY. The harbinger of mortality in heart fail-
ure with preserved ejection fraction; do GDF-15 levels reflect tandem, deter-
ministic effects of fibrosis and inflammation? [J]. Can J Cardiol ,2014,30(3) :
264-266.

Przybylowski P, Wasilewski G, Bachorzewska-Gajewska H et al. Growth differ-
entiation factor 15 is related to anemia and iron metabolism in heart allograft re-
cipients and patients with chronic heart failure [ J ]. Transplant Proc,2014,46
(8) :2852-2855.

Wollert KC, Kempf T. Growth differentiation factor 15 in heart failure: an up-
date[ J]. Curr Heart Fail Rep,2012,9(4) :337-345.

Kempf T, Horn-Wichmann R, Brabant G, et al. Circulating concentrations of
growth differentiation factor 15 in apparently healthy elderly individuals and pa-
tients with chronic heart failure as assessed by a new immunoradiometric sand-
wich assay[ J]. Clin Chem,2007,53(2) ;:284-291.

Wang F, Guo Y, Yu H,et al. Growth differentiation factor 15 in different stages
of heart failure; potential screening implications[ J ]. Biomarkers,2010,15(8) :
671-676.

Kempf T, von Haehling S, Peter T, et al. Prognostic utility of growth differenti-
ation factor-15 in patients with chronic heart failure [ J].J Am Coll Cardiol,
2007,50(11) :1054-1060.

Meta-analysis Global Group in Chronic Heart Failure (MAGGIC). The survival
of patients with heart failure with preserved or reduced left ventricular ejection
fraction ; an individual patient data meta-analysis[ J]. Eur Heart J,2012,33
(14) :1750-1757.

Stahrenberg R, Edelmann F, Mende M, et al. The novel biomarker growth dif-
ferentiation factor 15 in heart failure with normal ejection fraction[ J]. Eur J
Heart Fail ,2010,12(12) :1309-1316.

Dinh W, Fiith R, Lankisch M, et al. Growth-differentiation factor-15: a novel
biomarker in patients with diastolic dysfunction? [J]. Arq Bras Cardiol 2011,
97(1) :65-75.

Meluzin J, Hude P, Leinveber P, et al. High prevalence of exercise-induced
heart failure with normal ejection fraction in post-heart transplant patients [ J].
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub, 2014 ,158(2) :295-
302.

Meluzin J, Tomandl J. Can biomarkers help to diagnose early heart failure with
preserved ejection fraction? [J]. Dis Markers,2015,2015 :426045.

Baessler A, Strack C, Rousseva E, et al. Growth-differentiation factor-15 im-
proves reclassification for the diagnosis of heart failure with normal ejection frac-
tion in morbid obesity[ J]. Eur J Heart Fail, 2012,14(11) ;1240-1248.
Pouleur AC. Which biomarkers do clinicians need for diagnosis and manage-
ment of heart failure with reduced ejection fraction? [J].Clin Chim Acta,
2015,443:9-16.

Dirk J, Ijsbrand T, Sjoukje I, et al. Incremental prognostic power of novel bio-
markers ( growth-differentiation factor-15, high-sensitivity C-reactive protein,
galectin-3, and high-sensitivity troponin-T) in patients with advanced chronic

heart failure[ J]. Am J Cardiol ,2013,112(6) :831-837.



O IMAE e 2 3 2 2015 4F 11 H %5 36 255 6 1] Adv Cardiovasc Dis, Nov 2015 ,Vol. 36 ,No. 6 - 763 -

[19] Tzumiya Y, Hanatani S, Kimura Y, et al. Growth differentiation factor-15 is a
useful prognostic marker in patients with heart failure with preserved ejection
fraction[ J]. Can J Cardiol ,2014,30(3) :338-344.

[20] Eggers KM, Kempf T, Wallentin L, et al. Change in growth differentiation fac-
tor 15 concentrations over time independently predicts mortality in community-
dwelling elderly individuals[ J]. Clin Chem,2013,59(7) :1091-1098.

[21

Anand IS, Kempf T, Rector TS, et al. Serial measurement of growth differenti-
ation factor-15 in heart failure: relation to disease severity and prognosis in the
Valsartan Heart Failure trial[ J]. Circulation,2010,122(14) :1387-1395.

[22] Ahmad T, Wang T,O’Brien EC, et al. Effects of left ventricular assist device

support on biomarkers of cardiovascular stress, fibrosis, fluid homeostasis, in-
flammation, and renal injury[ J]. JACC Heart Fail ,2015,3(1) :30-39.

[23] Peeters JM,Sanders-van Wijk S,Bektas S, et al. Biomarkers in outpatient heart
failure management; Are they correlated to and do they influence clinical judg-
ment? [J]. Neth Heart J,2014,22(3) :115-121.

[24] Bonaca MP, Morrow DA, Braunwald E, et al. Growth differentiation factor-15

and risk of recurrent events in patients stabilized after acute coronary syndrome ;
observations from PROVE IT-TIMI 22 [ J | . Arterioscler Thromb Vasc Biol,
2011,31(1) :203-210.

A% B #1.2015-05-16

2014 A3 [ it RAC AL 5 e

KT WAL T35

3B 216 16 7 TRl 91

[ National Clinical Guideline Centre( UK). Acute heart failure ; diagnosing and managing acute heart failure in adults.

London ; National Institute for Health and Care Excellence( UK) ,2014 ( 3% ) ]

2014 45 10 A, S il RSB SE T (NICE ) 23 A
TR ETEL s (L) Bia SEREM. HN
FFE SN OERNZE AT AYa)T AR
TIEE, X ELO BRI R0 A — 2 R4 5, B
M EZENFE—N 4

DR OIEA M REA 2 , XE L 2 BT 2
— MR, L PR A FE O LA 0 5 A ) JUE VA 4
EFSK I REDIGE | O AR R 20 BEAN 4 O AR A
UL G R B0 S REAR 4, 2L A UL T JE
1O JIE D REAS 42 SR8 A O FE MO i S N
1 EFaHeE

AR R LSS NICE 5¢F 203 2 Wl 7 I i
M2 R MR DR M PR Kb . AR R T8
PO R TR B, ARt aln O Sk AR
PSR PZLELINS

AAEME S T2 22 WA SO
(i Ak L, 450 45 730 I B ( BN ) A6 00 o 7 0 20 P )
BT ZAE T HUGE <L 25 036 07 FOREE IR I 55
BEAh , i AL R AU i B AL BE, A 4 T AR T 1
WAL IR Bl G WRTT o

AR R TT/IN Ay SO A P R e M2 R R
52 I RH IR SCHR , R AW TR 1A OC I
2 AMORISENAREE

JIT AT AT B A O U A B Y B8, S A T

(R0 ERHIE 5, I SR 1%l ik 55 10 3 & X A1 BA, LA
B PR B A e A8 At R G i+ 2 IRk 55

X O o R AL BRI LS LR A 2t
o Jo B e, 0 300 A B S A S5 22 B, f AR R4k
BT RHEEE RS R EIRGL BT KIS AR
B, BETE B S PR A, B A BB — 44 &
FARUIE R VTA Bl
3 oW R T

(1) SRAR L MM A A FIHEAT
LBl L A A £

(2) B & Al EE 2O R AE R B A, A 1L BNP 5%,
N % ¥ B % F 4k Bk ( NT-proBNP ). 4 BNP <
100 ng/L NT-proBNP <300 ng/L T HE[G 2005

(3) AT BEHr K 2 k0 % B35, 40 BNP B¢ NT-
proBNP Fhy , AT 48 Mg — 4k 7 0 s R A, LA
B S I 1O o

(4) Bk T BE A OB IEABE 48 h N, % &
TT 20 — A8 75 0 3 B LU I R A 3L

(5) ANHEAE kO R AR R, 5 FLAT i 3
kB R A
4 RIT
4.1 ZHiEsT

(1) FIBRFA - 57 I 1 s 1 R R 390 5 % 2 i
FHARI R B, QO AN, HERR B3 09 FH 254 A 1

MG AT, A0

PEZ BT FEHERE (1985—) , A BE I, 3222 O ML 9 I LAt S5 IR AR5 . Email : dasubei@ 163. com
WIEEE  SHBL(1966—) , FATEEIM , 3222 A0 45 I Lt 515 R AF5Y o Email : xzlu@ njmu. edu. cn



