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[ ZE] B e IRBIIKE MR (coronary slow flow phenomenon, CSFP) 72 & ki 52 75 8k 45 (5 M 2B I8 A ELIR A, 2 51 RO &8
JRRLC I/ S 5 4 A2 W v FE OB GRS 2, 1 2 (140 AT R0 JE B0 T Bt . AW 90 B FE BRI I3 A K oA IR - 15
(growth differentiation factor 15, GDF-15)7E CSFP H1 i) A 7K1 S FE Tt AR , LA 24 B RO 61 etk 20 bk i 52 (B bm D 1)
EWE IR B R A R FE: HIN20234F 12 H—2024 476 H T35 5 K24 I8 1= B 322 52 e R 3 ki 5 (1 e, AR if 6 A
B EHENNIE AL (n=42) , MR GEIRE TSR A F AN CSFP 2 (n=69) o YTAE U I S 0 BE B AR 1 o L35 , 5 FH 6 e 2 Wi
Ff$72: Cenzyme-linked immunosorbent assay, ELISA) Gt — U AR § L3 GDF-157KF, 4T Logistic M1 H IR 0 AL 28 M : R 528 %
LAERHIE (receiver operating characteristic, ROC) RHZ P12 Wi R RE I 14T 22 XEGIE 5 Bootstrap N #ERIE. £55R: CSFPZH GDF-15
KT 22 T IE R 410957.01(716.27, 1 373.16)ng/L vs. 745.14(585.43, 812.41 ) ng/L, z=—4.14, P < 0.001]. B[R Z 1L K %
Logistic [\ J=1 43 47 2 7~ 7E 1 % 44 5 48 20 (body mass index, BMI) 25V 4% [K 2% J5 , GDF-15 3¢ £ &F 38 n 1 A~ B S8 X £ s 4o (R
JETF 40 2,718 15 ), CSFP XU 18 1 14.06 1% (95%C1: 1.82~68.76, P < 0.05) ; 1 %5 & i 5 11 IH [# % Chigh-density lipoprotein
cholesterol, HDL-CO4E3 Jill 1 mmol/L, CSFP JAUS; F#4H 16% (OR=0.16, 95%CI: 0.07~0.34, P < 0.05) . ROC 24T &.7~, GDF-15 {2 W
CSFP [ AUC 25 0.791, Bt & HDL-C J5 AUCH#2 7} 2 0.953, H R % 11 57.97% 42 7 % 91.30% , 38 X HHIEA Bootstrap #2751 cut-off /24
PEFRE . 4518 GDF-157E CSFP &3 R Rt B R BB RITERE /). 5 HDL-C A # A i R A K IR+ T2 Witk
Tk, G 5 0 CSFP $& AL | e R i LR, 30/ 3o A5 ) 7 Jk i 52 1) 0 o
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GDF-15: a novel non-invasive early warning target for coronary slow flow phenomenon
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[Abstract] Objective: Coronary slow flow phenomenon (CSFP) is a pathological condition characterized by delayed coronary blood
flow in the absence of significant stenosis on coronary angiography, which predisposes patients to angina pectoris and cardiovascular
events. Current diagnosis relies heavily on invasive investigations, and simple, effective non-invasive predictive tools are lacking. This
study aimed to investigate the expression levels of serum growth differentiation factor-15(GDF-15) in CSFP and evaluate its predictive
value, with the goal of providing an alternative to the current diagnostic paradigm dependent on invasive coronary angiography (the gold
standard). Methods: Patients undergoing coronary angiography at the Affiliated Hospital of Qingdao University were enrolled between
December 2023 to June 2024. Those with angiographically normal coronary arteries were assigned to the normal group (n=42) , while
patients exhibiting delayed coronary flow without significant stenosis comprised the CSFP group (n=69). The serum GDF-15 levels
from the day before the surgery were measured using enzyme-linked immunosorbent assay (ELISA). Logistic regression was performed

and collinearity was examined; diagnostic efficacy was assessed by using receiver operating characteristic (ROC) curves and cross -
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validated with Bootstrap internal validation. Results: GDF - 15 levels were significantly higher in the CSFP group versus controls
[957.01 (716.27, 1 373.16) ng/L. vs. 745.14 (585.43, 812.41) ng/L; z=—4.14, P < 0.001]. Both univariate and multivariate logistic
regression adjusted for body mass index (BMI) and other confounders showed that each 1-unit increase in In(GDF-15) (corresponding
to a 2.718-fold increase in raw concentration) was associated with a 14.06-fold higher CSFP risk (95% CI: 1.82-68.76, P < 0.05).
Conversely, for each 1 mmol/L increase in high-density lipoprotein cholesterol (HDL-C) , the risk was reduced by 16% (OR=0.16,
95%Cl: 0.07-0.34, P < 0.05). ROC analysis indicated that GDF-15 alone had an AUC of 0.791 for diagnosing CSFP. Combining
GDF-15 with HDL-C increased the AUC to 0.953, improving sensitivity from 57.97% to 91.30% ; furthermore, cross-validation and
Bootstrap indicated cut-off generally stable. Conclusion: Elevated serum GDF-15 level in CSFP patients establishes its potential as a
non-invasive early warning biomarker. The combined GDF-15/HDL-C diagnostic model demonstrates substantially improved accuracy,
suggesting its utility as a practical clinical screening tool. This approach could reduce dependence on invasive coronary angiography for
CSFP detection.

[Key words] growth differentiation factor 15; coronary; microcirculation; coronary angiography s high-density lipoprotein cholesterol

56 BR Bl fik 12 1ML Yt Ccoronary slow flow phenome-
non, CSFP) & — it i T 1E 5 56 IR 50 fik A B 28 1 56
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15, B R IO SO RE ) R B AN 3, 0 FL ]
S, RVEAR N 6 IR B K I 5 (invasive coronary
angiography, ICA) J 7 LK IfiL 8 B S5 1 8 72 Bl FH
ZE, H HH 30z v L HE VR RE R o YRAT W A T
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i, HAG R B IR AL My 5 o (o LR 2
e A Y R R 55D s RGBSR (RGP
L HUIR IR Th e 7 8 46D 5 29 R 3R (A R AL B 324K
FHYRASE) o SLEA N 69 41, [RI B, Fifi A% et AR
BN ML IE 5 B 42 B Xt AL . T s
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J A 3 50 A 4 7] GDF-15 Wl 52 ik 771 £ (maccura-
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B BRZE B SR HE D T A TR i bR . B T
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7o) SE 5 AT — /KT L AT e 52 9 U Ak A 2R A
D, 7RI A5 R ARG DN, 2 W P HE Y, 0 SN LB
R, RN oT 4% 2 A% e AR AR S A I o A “ ARV
EAR TS AR IR T 32K A I R ) A
IR — A

[ 25 SR BN 40 B 1) 4 T B 20 30, A% A\
SRR LAE R L P 3 | 44 E 45 2 (body mass index,
BMD . BEAE: f B 10 53 I 52 WROMA S A9 o2
2 5 B B A T A (ARAR A 7 - O 38 L Il SESG
=X o 11| SN 1 =R NS - 311 N = i
BEEIRID), Gt o Al x> HA5 BT B %
TREQ GEE
1.3 %itF 7k

FEIE W FENALRT, AT FUHE T P g0 4 £l 5
FEAR . SR EIR, fEa=0.05 UMD . Power=0.80 ]
AR, L I AR TR L 32 ] . AHI T B 2%
SEBRGIN CSFP 2H 69 9] 1E 3 4 42 91, itk bsdk ik

FEABR TR, ORI T F RIS 2RE .
K SPSS 21.0 Grit “# AT REAT S it 0 #r, 75 &
BT A BT TR DA B R 22 (v £ ) R0R, T
FEA B LU BCR FI ST A 56 AT & IR 7
A (v TR AL (DY 73 A 0O LM (Pas, Prs) 138
7 » P 4 TR) B4 b 35K H Mann-Whitney U K656 5 1
Rl LB CE 23 B [n (%) 13w, B4R LBk
FH 7 o 56 5 Fisher 5 45 56+ 3 4 1) £ 5 bL KR
ANOVA 5% Kruskal -Wallis £ 36 5 T 5 bR E 0 35 20 22
(standardized mean difference, SMD) 1 { 5% £& 45 1iF
SPA8ET 1 5 SR FH FL DAL 2R Logistic [B] U543 BT #f 72 CSFP 1)
T PR 2R 5 a5 < 1Bk 5 VR A4k BT 3R e IR 3R O gk R A
P < 0.20 R AN Z K K Logistic [l 35347, 2 [A
AT P <0.05 AZE N TIRE, LEPV (CRAFEU
SHHE)=10 PAG IR e B SR XE L 5 AR
5 logit & R AT Box-Tidwell £ 56, CLVEAL FL & 75335
JE Logistic [ HZ VAR s 2 B 3L 2 U5 2 K ]
¥ (variance inflation factor, VIF) 1 fiti ; 5K H Spear-
man p A% 2 E AR AR A G s A 32 TARRS
fiE (receiver operating characteristic, ROC) ffl 28 73 #7
GDF-15 X} CSFP {7 A 46, BAE LAY ZR4E Youden
fa e, LE S 5Hrx10 I3 X8 iE5 Bootstrap(B=
1 000D X Hh 28 [ #H (area under curve, AUC) 5 [®I{&
BT AIRIGIE S HEIE; P < 0.05 N ZERA G2 L.

2 % B

2.1 AA—FLER

AT N 69 5 CSFP &3 (5 33 4], %
36 ), 4% 49(60.22£10.00) % ; RIS 44N\ 42 1] 1E
X (5 1561, 2227 6D , 408 8 (62.60+8.69) % .
P 2H % BMI 41 (2=-2.06, P=0.039) , £ 5] 4F 4 W KA
SR B2 B PR S v IS 9 S oM LA 0 B
NP g 2450 FH 245 52 45— FRORFIE R 22 R o it 8
(P> 0.05). A, ARt pi2H 835 (10 R
AUy Z YL 53 # (eft ventricular ejection fraction,
LVER) Z 7 MBS L (P> 0.05, K D
22 AMAhikFAELE

CSFP 41 # GDF-15 B 15 % %t I 415 25 T
(z=—4.14, P < 0.001) , /= % F& N5 & A JH [ B Chigh-
density lipoprotein cholesterol, HDL-C) & D- — &
(D-dimen) 8 b7 B 2 N B (P 1< 0.05), T ULES EE H 1
(troponin I, Tn-1) N A %y B 28 F| 44 I Ji (N -terminal
pro B-type natriuretic peptide, NT-proBNP) A IfiL 7 K «
JH5 Th e S A A b EAE WAL IR ) 2 = TSt =
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Table 1 Comparison of baseline clinical characteristics between the CSFP group and the control group

Characteristic Normal group(n=42)  CSFP group(n=69)  zi/y’ SMD P

Female[n(%) ] 27(64.29) 36(52.17) 0.72 0.247 0.396
Age(years,x £ s) 62.60 + 8.69 60.22 + 10.09 1.27  -0.252 0.208
BMI[kg/m*, M(Pas, P:s) ] 25.53(23.84,27.47) 26.44(24.97,28.41) -2.06 0.425 0.039
Smoking history[n(%) ] 0.78 0.237 0.676

Never smoked 34(80.95) 51(73.91)

Former smoker 4(9.52) 8(11.59)

Current smoker 4(9.52) 10(14.50)
Drinking history[n(%) ] 1.96 0.293 0.376

Never drank 31(73.81) 53(76.81)

Former drinker 4(9.52) 10(14.49)

Current drinker 7(16.67) 6(8.70)
Diabetes[n(%) ] 5(11.90) 8(11.59) 0.00 -0.010 1.000
Hypertension[ (%) ] 18(42.86) 28(40.58) 0.06 -0.046 0.813
Cardiovascular and cerebrovascular disease history[n(%) ] 3(7.14) 6(8.70) 0.00 0.058 1.000
History of lipid-lowering drug use[n(%) ] 0.24 0.140 0.626

No 31(73.81) 55(79.71)

Yes 11(26.19) 14(20.29)
Heart rate (beats/min, x £ s) 76.81 +10.89 74.45 +9.61 1.19 -0.230 0.236
Systolic blood pressure (mmHg, % + s) 132.36+ 17.78 138.29 + 20.02 -1.58 0.313 0.117
Diastolic blood pressure(mmHg, x + 5) 80.21 + 12.37 83.16 + 11.15 -1.29 0.250 0.198

LVEF[ %, M(P»s, P5s)]

60.00(60.00,61.00)

60.00060.00,62.00) —0.88 0.132  0.379

(P> 0.05,F2).

% F HDL-C 7F CSFP 5 1E# 41 2 [A1 47 1F i 3 22
S, HLBEAT B MR 259 F 4 52 mT RE 52 HDL-C, 9o
VSRR 2%, AW Fe A% 2516 Dl 52 i3 4y AR H
2540 (n=86) F1 F 25 40 (n=25) W 41 , ¥ %% ¢ Fi] Mann-
Whitney U o 55 EE A 1 FH 25 20 F0 oKk FH 245 40 2 18] 1)
HDL-C 7K, g5 R R 2 8] 2 R gt 5 2 X
(P=0.924) . B J5, 34T T 2 R REMERH 54, 2
i S 1IN 11 ) NS 3 I QTR el N S e
b L3 0 B& i 259048 F X HDL-C 7K~ (1 52 1 5 A8
W3 (P=0.950) . %45 RN, BER i 255 A L LA
fif R CSFP 41 5 1E &5 4H 2 (R W %2 21 (1) HDL-C % 5.
2.3 CSFP&# Kmty e B & oA

FALIRIZR Logistic [ 341 45 2R 27, BMILHDL-C
S GDF-157K~1-5 CSFP Ik A BB R (R 3) . JE
T H B M AR 8 1 # 5 0% , % GDF-15.HDL-C. BMI,
TRV VPR R AT R SRR A A RN 2 TR &R
Logistic [8] U o 4y fRAIE RS2 (1 A 28 R0 A2 {g i, X
W42 H AF & GDF-15. HDL-C. BMI fl4E #8347 7
Box-Tidwell ¥ 56, 2% 3 %22 5. 10 P {H $£)>0.05, % B
XL AR & logit 2[RI AZEYE . &R VIF ly

LOI~LI2CEZE>0.80), K W% EILLEH(EK L.
Z R 2o BT 45 AR 7R, OB AR AR A IR 88 5 R
Frfa e HoJym—20: 75 GDF-15 W (248 H AR X 4
A4, BT ng/LD BRI N 1A B SRR HCRAL CRIVR FE T+
22,718 4%, CSFP &3 KK 39 11 14.06 £ (95%Cl:
1.82~68.76, P < 0.05) , Ay CSFP Ml 37 f& (6 IR 3%, T
HDL-C /KTt 155 CSFP XU . 3 FERAH O, S CSFP
FIfR3 R 2 (OR=0.16,95%ClI: 0.07~0.34, P < 0.001,
L5 XA A A OC 5 L AT R 5,
J& B B R 2 WA 52 AT, K A Spearman £ ¢ 14 PP Al
GDF-155 HDL-C AHIME, 45 Rp=-0.155, P=0.202,
PR KRBT (E D . #E— B AEBE GDF-15 5
HDL-C WA A i H BT ) VIF 24 1.010 (5 &
£ 0.990), & K T FHBIE, R L2 skt 4
I, PIFRFREREIAA SR IUT4 R AR E, B S
AR SE B —5, S FF GDF-15 AT fER A &, HDL-C
FERATR R
2.4 GDF-154= HDL-C /& CSFP * &9 7 2 A

K ROC Hi£8 14l GDF-15 %} CSFP (K2 WA,
gER TR H AUC 4 0.791(95% CI: 0.708~0.863) , $2
B X 2 BE . BA Youden T8 B 58 #4348k W {8
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Table 2 Comparison of routine laboratory parameters between the CSFP group and the control group

Characteristic Normal group (n=42) CSFP group(n=69) K%' SMD P
GDF-15[ng/L, M(Pss, P35) ] 745.14(585.43,812.41) 957.01(716.27,1 373.16) -4.14 0.979 <0.001
Tn- I [wg/L, M(Pas, Pss) ] 0.01€0.01,0.01> 0.01€0.01,0.01> -0.01 0.014 0.989
NT-proBNPLpg/L, M(Pas, Pss) ] 51.85(20.00, 84.50) 48.10(20.00,95.90) 0.00 -0.037 1.000
Hb(g/L,x £ ) 140.43 + 14.56 143.19 + 15.37 -0.94 0.184 0.352
WBC[X10°/L, M(Pss, Pss) ] 5.88(4.91,6.96) 6.40(4.76,7.80) -0.52 0.108 0.605
PLT[X10%/L, M(Pxs, P5) ] 217.50(182.50,272.50) 226.00(190.00,252.00) -0.23 0.007 0.820
Glu[ mmol/L, M(Pss, P+5) ] 5.42(5.03,5.80) 5.70(4.92,7.04) -1.06 0.547 0.290
Hbalc[ % M(Pas, Prs) ] 5.70(5.55,6.08) 5.85(5.40,6.50) -0.74 0.427 0.457
LDL-CLmmol/L, M(Pss, P:5) ] 2.48(1.90,3.25) 2.64(2.03,3.34) -0.48 0.064 0.631
HDL-CLmmol/L, M(Pxs, P5) ] 3.62(2.57,4.54) 1.27(1.05, 1.64> -7.15 -1.891 <0.001
TCCmmol/L, % + s) 447 +0.93 434 +1.06 0.65 -0.128 0.520
TGLmmol/L, M(Pss, Pr5) ] 1.23(0.75, 1.60> 1.41(1.11, 1.76> -1.33 0.019 0.182
ApoAl(g/L,% +s) 1.56 £ 0.20 1.55+0.24 0.05 -0.010 0.956
ASTLU/L, M(Pss, Pss) ] 20.45(16.33,26.75) 19.00(14.30,27.00) -1.45 0.144 0.147
ALTLU/L, M(Pss,s Prs) ] 19.70(15.30,29.87) 20.10(14.70, 26.60) -0.54 -0.176 0.590
SCrL pmol/L, M(Pass Pys) ] 56.60(45.37,67.85) 57.00(49.40, 68.00) -0.74 0.214 0.460
UALmmol/L, M(Pss, P75) ] 287.00(245.00, 338.00) 306.00(267.00,356.00) -1.46 0.225 0.145
D-dimer[ ng/mL, M(Pas;s Py5) ] 340.00(290.00, 370.00) 300.00(270.00, 350.00) -2.10 0.077 0.036

Tn-1: troponin I; NT-proBNP; N-terminal pro B-type natriuretic peptide; Hb: hemoglobin; WBC: white blood cell; PLT: platelet; Glu: glucose;

Hbalc: glycated hemoglobin Alc; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol; TG: tri-

glyceride; ApoAl:apolipoprotein A1; AST: aspartate aminotransferase; ALT: alanine aminotransferase; SCr: serum creatinine; UA: uric acid.

F3 CSFPEKEREEZ Logistic B3N
Table 3

Univariate logistic regression analysis of risk

x4 ZEHEMUBE. 2ERERMVIFS5RZE
Table 4 Multicollinearity diagnostics: full model-by-model

factors for CSFP VIF and tolerance
Characteristic OR(95%CI) P Characteristic VIF Tolerance (1/VIF)
GDF-15° 10.27(3.09-34.11) <0.001 HDL-C 1.11 0.902
HDL-C 0.19€0.11-0.34) <0.001 GDF-15° 1.12 0.895
BMI 1.16(1.01-1.34) 0.043 Age 1.01 0.994
Univariate logistic regression analysis was used to assess the risk Use of lipid-lowering drugs 1.01 0.993
factors, with results presented as odds ratio (OR) and their 95% confi- BMI 1.02 0.977

dence interval (95%CD). a: GDF-15 was included in the analysis after

logarithmic transformation.

Ccut-off) 25 908 ng/L, XJ M. (1) R & 57.97% - 57
% 90.48% o 9 FEAR I H0h A XU , o 12 8 4B 2 AT
HRAG A : 52 S Hr A8 XIRE (10 VO Bow, &I
Hh EET 16 8 1 BRE AL £ 946.8 ng/L, HA 78.0%
(BB Y% £E 908 ng/L 109X [4] () 817~999 ng/L);
Bootstrap(B=1 0000 45 ! FI{E 95% 73157 [X ] 7y 839.3~
1138.3 ng/L. iR 4E BLSCHF 908 ng/L 7E N HB EL R AF
T A S AR E 1 AELATS R AE SRR SZ A B i — P B
WEFEALIE L AR U o

ROC #hZe 7 Hride— 21Tk 17 GDF-15 & HDL-C

VIF=1/(1-R*), calculated item by item based on the design matrix
including the intercept. A VIF < 5 (tolerance > 0.2) suggests no signifi-
cant collinearity. a: GDF-15 was included in the analysis after logarith-

mic transformation.

B2 W AR . SR ERKAGHAN AUCH
0.953(95% CI:0.913~0.984), 75 T #.— GDF-15 f&t5
(F2), FRIBR A RIS AR KIZ T T CSFP (iR 7 fg

TE S AT E (AR =0.73) T, Bt A 1) R U
N 91.30% (95% CI: 86.06% ~96.54% ) , ¥ 7 E N
88.10% (95%C1: 82.08%~94.12%) . K 4 Fa fid Pk
FH B AR 30 AU, AT 72 St B 52 5 47 28 XBRIE
(10 %) 5 Bootstrap £ 1 : Mk AUC (0.927+0.053) ,
K IE AUC 0.925, 27~ AUC 775 52 B SR WL 4 » {H Bk
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Table 5 Multivariable logistic regression analysis of risk

factors for CSFP
Characteristic OR(95%CID) P
GDF-15° 14.06(1.82-68.76) 0.011
HDL-C 0.16€0.07-0.34) <0.001
BMI 1.21€(0.97-1.51) 0.087

Multivariate logistic regression analysis was used to assess the risk
factors, with results presented as odds ratio (OR) and their 95% confi-
dence interval (95% CD. a: GDF-15 was included in the analysis after

logarithmic transformation.

Spearman p=—0.155
P=0.202

>
W
1

g
(=]
1

GDF-15(ng/L)
A
1 1

°% op

4
W
Il

1.0 1.5 20 25 30 35 40
HDL-C(mmol/L)

The x-axis represents HDL-C (mmol/L) levels, and the y-axis
represents GDF-15(ng/L)levels; each point corresponds to one subject,
and the blue line represents the least squares fitted line. The correlation

was assessed using Spearman’s rank correlation (p=—0.155, P=0.202).
El1 CSFP4GDF-155HDL-CHIHEXR < E

Figure 1 Scatter plot of correlation between GDF-15 and

HDL-C in CSFP group

G RRTE PRI UE S R FF R s I X o . 455
W, GDF-15 B4 HDL-C 7E CSFP 2 W v F B %
TS W HER I RS S0 R .

34 i’

CSFP i385 LI R 5 ACS SEAR , (H PR 5ed ik
AR R SR, HYER e N AR O EME R, 5
AW IR S IRITAS Y WEFCAESE, CSFP 500 L
B L OSSR R A B0 L TS B A e,
DR, PR 2R e 8 5L 10 CSFP - 1E4T XU 73 )2 (1)
RS A VAR S B O B, X B T b X ICA
(R FEARE, B BRI R A -

3.1 CSFP &% 691 K 454t

KT I 69 5] CSFP &% 5 42 51 7 4Rk 3h
D TLAE TE 55 RO R, 45 SRR I PR ZELAE A 8 M i)
W R S AR PR 973 S v I 9 S R o Ji I 9 07
SLHEARRHE b2 F G2 E L, 378 CSFP K
A2 ] g 5 Ak Gt 0 s 1Y) S S IR 3R 0 B 35 ORI
— 45 5 Kopetz % B0 91 45 B AR — 50, HAF A

_.
o o
1 1

R~

o
T2

" GDF-15(AUC=0.791, cut-off=908 ng/mL.)
—GDF-15+HDL-C
(AUC=0.953, cut-off probability=0.73)
0 0.2 0.4 0.6 0.8 1.0
1-Specificity (false positive rate)
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(=]
1

Sensitivity (true positive rate)

The ROC curve demonstrated the predictive performance of the
single GDF-15 model and its combined model with HDL-C for CSFP.
The area under the curve (AUC) for the single GDF-15 model was 0.791
(optimal cut - off value=908 ng/mL) , while the AUC for the combined
model increased to 0.953 Coptimal cut-off probability=0.73). Based on
the reference standards (low predictive value: AUC 0.5-0.7; moderate
predictive value: AUC 0.7-0.9; and high predictive value: AUC>0.9),
the combined model indicated extremely high diagnostic efficacy.

2 GDF-15F1HDL-C3J CSFP By FUMIZS A8
Figure 2 Predictive performance of GDF-15 and HDL-C
for CSFP

5 H CSFP B 1] 5 2 — PO 37 T~ K i A8 4 48 1)l I
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W, A E MUE N B D RE, AT A] Be {2 2k CSFP 1%
B ARHE TS RO CSFP A 3 1 BMI = T 1E
W2, B AE 2 KK Logistic [\ A RIA B G0t 2 5
FKF(P=0.087), I &5 R 5 B RAAAEZE ST,
1 22 55 AT RE S REAS s /0N  BMI 23 A 3 [l A B B i
PR A% PR 2 ClnARPIR 3 A g 7 73 A 28 84D K 4 78
VAL A %, IX G R 25 A] RE I 55 1 BMI Y Bl 57 5
Wi, H BMI 5 ()& 3575 B8 7R X CSFP & A= 1] g
BA w75 R 5T — P IE

TE ML « O 38 J2 7 25 Y3 043 50007 T, A 40 AR 3
KR % 7R, X5 Wang Z " B — 80 20 7
TE CSFP 83 v 7R A U 5 21 32 25 1) 559 1f 73 500 B
{A$27% CSFP J838 A48 Ie W i [ &7 sk D e 52 4,
[F] IR 38 T e s M A 2 ) EF sk DI RE, T A = 04 D) Re
MIFEALRE . AW IIEH, CSFP B & 1/ O s
fiti & D 5 e D e T B, 7 o0 DB 57 % Wl g
TR R 2 s =, 10 Ak T e AR B B
3.2 i GDF-15 % HDL-C #& CSFP v &9 5 B 414
B AL

GDF-15 72 TGF- B8 Z 1t 1 () — Fh B0 5 A
+, 1E Z Pl B AR RS R R s, JCHAE R IE
ZH 2R L S I A B R T A A vk B
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VR, STk, GDF-15 78 O L 8 597 AT 4
(I TR TR I, B IE SE 5 0 1 520 O R
Je ACS 55 22 Bl L 208 ) 2B S R J8 I T S %5
LS
TEAMFUH, GDF-15 78 CSFP 40 Hp 2 3 T, B
[KI 35 F1 22 8 & Logistic [ V5 43 #r i3k — A2k 52 H g
SIERRER . XS5 R GDF-15 A HELE CSFP (1)
o B A AL h R E AR . SRE REA IR,
GDF-15 75 CSFP H Al G 52 s (8] 49 567 14 1 50 [ 7 42«
7E M N i 1, GDF-15 38 i #05% GFRALY
Smad 5 PI3K/Akt i i 32 i — & A & (nitric oxide,
NOD I A F B, T4 98 5 R4 A SO, AR 3 H
—E N B AR E R SR RS 1 98 A Bl
AN RSN, GDF-15 RS R RIE T e IE S W
B A M T AR B S, (R S LG A S I
I, TTASE G906 24 BEL 7 74 &« L 9818, 32 7 0 A2
FRai ™. A, Fod iR A T SRR I8 B (2 idk
SRR E=2 YN e SE= R AR SN i i Nty 1)
LI P Rz T R 2R 6L » 38 Rt IR 3 Bk e ek pg
5 B 0 A2, ASHIE 5 A 0T T 8 1T HL AR A X 4
SRR RE, IR B E R A O T SO R
RAEHEWT, A F5 75 43 WA BH 0 sh A BE U5 9N B i
SNIEA D I G WG s =0 s i s 2 AT I8
BARH AT T GDF-15 5 CSFP 1) BLE BT 7T
A B, AR ILAG SCHR SRR IAE CMD A (138 7R
W1 Tian SR FUUE S, fE4 52 4 K IR B KA N
TBIT I ST Br it m AL O UL (ST-elevation myocardial
infarction, STEMD 55 1, GDF-15 /K ¥ 7t = 5 CMD
A, BRI AT BE AT 9 — b UL A R e
K772 5 RS Bk m 97 47 . 25 sh B 3tk
AN T 2 B 98 50 GDF-15 76 ACS I8 1tk O 845 K
1787975 A8 R R RN, ASHIF L8 HLAE To A
EPAENGOLT , AT AT AR A R Sl R AR FR AE
H— 5/~ T GDF-15 7E CSFP iX — % & CMD . %
R R IERHIE SOZ W R RE , v HAE SR FH ZE M e
IR B ik 9 (ischemia with no obstructive coronary ar-
teries, INOCAD 89U Py I A 2 FH S (4t 17 387 AR IR
EASVE R 2, CSFP &3 1) HDL-C /K7 &2 3%
KT IEFHHWP <0000 . £ H KB IHDHER,
HDL-C 2 M7 R R 2, 155 & REAE I 7T 45 R
VP 25T A% SN, AR B T B2 T AN [R] B i
257 A HDL-C 7K°F . {# F§ Mann-Whitney U £ 5
2 R R AL A 74 ) 5 45 SRR R B R 259
f§ FI X HDL-C 7K P £2 £ i 25 52 1 (P 34>0.05) o 1X

— SRR, B AR 25 A8 F 6 ASAIE 95 i) HDL-C 22
SR IR, 324510 iR @ 15 3 S FF . HDL-C B
T JH [ B3 e i T R AR SRR FH AL il i oA
HIHT AL BT R L, A RO BRIE A T B AR
Ji 2 H (oxidized low-density lipoprotein, ox-LDL) , I
1l 078 P R 9RE A [RI, HDL-C o] B A
& — % M & A B (endothelial nitric oxide synthase,
eNOS) ik, {1 NO & i, 4ERF L& &7 5K Th g 1 N
BAaASE" e HDL-C /KPR B, X LE R4 PEHL ] %
1, T BCAARHON 8 NO ALY F B R Y B2
DIRERERG , s 4 HE UL WAe 4+ IR R 0 7,
Jill CMD, 7y CSFP [ 5 A= SR AR BRI At

HDL-C [FAR 2 2 Mo P A 3 [ F A0 &5
R, £E CSFP 55 A5 18 11 i 2 Th B B b /0 1 2
PR IC AR . — 7, FFEARE RAER A
NEEE A S OB i L[] 9 1t i 4% 7% 15 (lecithin-cho-
lesterol acyltransferase, LCAT) %5 1] & ., 52 Wi HDL
2R B D RE s 55— 7 1T, 8UH NS0 5 AR HDL
M5 SR E M, T R e R Y HDL, il 55 i Bk
ox-LDL Bt & ek S AR dh AR e s bR e 5. e
Ab, AR AL T T4 HDL A 3 113 7 18 3@ 45, T %
i BN ORI g E X HDL S8 UE B, 1 — 22
FEAR B AR o IR BL W [E4E F 3 o) R
T ARHE T CSFP 3 HDL-C .3 PRI .

ROC i £ 73 1 45 R IR 3 HF GDF-15 4E CSFP 2
Wb A B, HEAUCTE 0.791, SR HEA R &5 (1 )
WRE ST . (HAFE R, BG RAEF B GDF-15
R R S HDL-C ) &2 Wik Y, 2 i
XRE 19 B i 2 $2 F+ (AUC=0.953, 95% CI: 0.913~
0.984) , iZfH &3/ TAE— . —fiihr. X451
B, RlE RE 5 AREHE B B 12 W SRS A2 IR
5 CSFP 5 TH 2 e 528 (AUC>0.90) , & {1 T8 —
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[F B, ASBIF 78 R B CSFP 23 D- - RAKKF T
B, ABLAE 22 BA 3% 1m0 U3 20 B v 0 2R a9 0 57 i
R s R RE Y A B Tl e B AR Bl B8 275 410 1)
MG, MAER R IR B R 25 . BEAE A 0 FidikiE D-— 5%
15 CMD 1772 R HE, A 7 & 1L 52 27 488 A J7/D-
T IRAA AR XY CSFP B AT TN E , 15 W B AL - 21 R
S 55 G P T e A DA SGH R AENLEI R TH, D-
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PIEVERI SRS . A B D BE R AG RIS RORE T R
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TS I S 305 ) (tissue plasminogen activator, t-PA)
(I PE SRR D 20 BT, 5 B A 24 B T B AR 52 PR AN
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N WS S RN LTRSS N = 2 SO A
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