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(heart failure, HF) % # 56 K M Z 18] 69 K 8K, 4 06 JR3F 45 HF FUG RGO A F 354, & AT HEE
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Abstract ;. Objective To provide a novel reference indicator for the clinical assessment of heart failure (HF) prognosis
by exploring the correlation between the pre-endothelial activation and stress index ( pre-EASIX) and mortality risk in
HF patients. Methods Data from 7,146 HF patients in the open-source database MIMIC-IV v3.1 were used. The
endothelial activation and stress index ( EASIX) was calculated for each patient and converted into a log, value
(pre-EASIX) . Patients were categorized based on the tertiles of pre-EASIX. The correlation between pre-EASIX and
mortality risk in HF patients was evaluated using restricted cubic spline (RCS) analysis, Kaplan-Meier survival curve,
and Cox regression model. Results RCS analysis revealed a J-shaped curve relationship between pre-EASIX and
mortality risk in HF patients, suggesting that the predictive capacity of pre-EASIX for HF patient mortality risk was

statistically significant ( P<0.05). Kaplan-Meier survival curve demonstrated that with increasing pre-EASIX, the
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survival rate of HF patients declined, and its predictive capacity for the survival rate of HF patients was statistically

significant ( P<0.001). Multivariate Cox regression analysis confirmed that pre-EASIX was an independent risk factor

for 30-, 90-, 180-,

and 365-day mortality in HF patients, with statistical significance ( P<0.01). Following a subgroup

analysis of Cox regression in HF patients stratified by left ventricular ejection fraction, pre-EASIX remained an

independent risk factor for mortality in HF subgroup patients, with statistical significance ( P<0.001). Conclusion

Pre-EASIX is closely associated with the risk of mortality in HF patients. It aids in the early identification of high-risk

patients and can serve as an important indicator for evaluating the prognosis of HF patients and different subgroups.
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&5 EW%E%A%M 29% Fi1 50%, ,p.fr/\ Sl
KRR TUIEM AT 5B D, Har, &
A s ki 4] 404 K i MK( N-terminal pro brain natriuretic
peptide, NT-proBNP) J&Ilfi FK - v % ] ¥Z i) HF
WS UL A bR Y . SR, HOKE 5 &2
TiRe A4 OLR ilike 225 Z MU AN A ITHIE R &R
AT, SRR SR SZ R R, & 3 IF 5015 H
A FRE H?ﬂy_ﬁ'ﬁﬁ}ﬁ?ﬁ‘{)ﬂﬁa br, %004 HE 59X
(58 =K = L1 TS S I N

PN R 15 AL I 38 +5 48X ( endothelial activation and
stress index , EASIX) J& Hi FL12 it &/ ( lactate dehy-
drogenase, LDH) . JLEF ( creatinine, CR) JZ Ifil /)M it
P14 (platelets count, PLT) 3 Ll & KL AS: 55 48 Br 44 AL
AT TR , S F T T S 25 DX 3 i 1 40 i A%
FELJR RS A AH S i A PE AU A5 9% ( transplant-associated
thrombotic microangiopathy, TAM ) 4 N i Ff: & e )
RS DT UEAER  EASTX Y HUS M (8 B 26 8 1l i
Yo JHEEERE ™ EE I BT e I 4 5 e S Il R A 2
P AR BITESE e B L0 A SR (58 B A A 0 98 A
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EASIX [ 3 M a{% % LDH ,CR 1 PLT ¥
ek PR B FAS NI, HL A% F 0 S7 b g o o 20 i 4
AR T T, 9 EASIX 76 HF 45385 137 FH 42 3t
THEEFAR SR, EASIX Xt HF &4 B 1
TR 5 1 1) Hﬁ R SRk #5 EASIX 4T X
BB (UL 2 M) DAMCGE o0 A it 4 )5 1 48
Bk N B 3% Ak TN 3% Fi 25 1500 {B ( pre-endothelial
activation and stress index, pre-EASIX) " AHF5¢
SAEARTT pre-EASIX 5 HF #2354 KA T XU At AH
K, DU A i PR fE—Fp A2 MEEERY HF FilS
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1.1 &R

WFFEEAERIET A TF A HI MIMIC-IV v3.1 ¢
PP o B PR PR A P T2 e AR AR A S
QIEIFLED SR T 2008—2022 4F-7E LT LA (.51 &
P B 9T o0 EGE WP 9 B (intensive care unit,
ICU) Mfad A FE . AP . O E BRg
4y 2% (the international classification of diseases,
ICD) -9 #fith (428.xx) Bi-10 i fid% (150.xx ) AR ifEiL Wi
N HF B @4FEIRE 18~90 %, HERRArE . O
IKAAME ICU 1 /4 ; @ICU {5 84 i [] (length of
stay, Los) A& 24 h; A ICU J5 24 h INAY LDH
CR.PLT $fui R F . AN A 7 146 Bl HF 5
ARWPFEBIEEIR B A TR, C A& & AV
PP v K R0 R R A
1.2 FHik
1.2.1  BdlEdi

% JH Navicat Premium ¥4 ( fiUA 17.0.8) $Ht
HF BE7E ICU A1 H %, w18 . OFR: 1
ARG 3 BN 2245 B @0 % (heart rate, HR)
FIAE44 3l ik s ( mean  arterial pressure, MAP)2 TjiJ&
A A ARAEAR L ; B LA | 41 9 3141 ( white blood
WBC) . Ifil ZI. %5 H ( hemoglobin, HB) .
LDH .CR .PLT U454 4 T(troponin T, TnT) | =%
C Jx I #E H ( high sensitivity C reactive protein,
hs-CRP) NT-proBNP FIZ= % 5 Ifil 434 ( leftventricu-
lar ejection fraction, LVEF) 10 TS50 = S 85 B, ;
@itk 2P A BEPES) 11 simplified acute physiology
score 11, SAPS II) FllJ¥ 51 #8 B 3 ¥y 3143 ( sequential
organ failure assessment score, SOFA )2 Iy 47
5B &R I 4E ( hyperlipidemia, HLP) | & Il J&
(hypertension, HTN) MR ( diabetes, DM) .0 JJLIE
i P "B 9% ( chronic
CKD ) F1& V4% Jiti %5 % 4 ( chronic

cell count,

%t ( myocardial infarction, MI) .’

kidney disease,
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pulmonary disease, CPD)6 Tl & H-4iE (7.8 ; @M K
K 2% %% 490 5 710 i) 57 ( angiotensin-converting enzyme
inhibitor, ACEI) . Ifil /& % 5Kk 2 32 A& FH# 57 ( angioten-
sin receptor blocker, ARB) #f/BEMRISHI| IR B 2
ABEL 7 770 | £R Bz % & 52 AR 45 BT 57 ( mineralocorti-
coid receptor antagonist, MRA ) F14H-% 2 b I 5% 12
# H 2 ( sodium-glucose cotransporter protein-2,
SGLT-2)6 WM Zy{5 8. i R B p)— Bt 51
FME AT T LA Bl A 3R O R AE
AE ICU 24 b IR T 29005 e, (LR 24 7
REEH; QUEFHE ICU A1 H 42320 NE 5 K Ax
(R R LU A, LR 2 AT B 0 1) 1 6 A YRR
B, ABTFEARNKE LVEF (3R EUR 8] FRAEEA ICU J5
24 h W, TS 2R T A B B TR AT AT — AT T Y
LVEF il i{f

1.2.2 Hdlasb B K o4

pre-EASIX i+ AR N
pre-EASIX =log,(AXB/C)

HiH A %755 CR,B #15 LDH, C 7% PLT ; pre-
EASIX JEH = #H 4 iE B log, B EIAIE, R
F SPSS 29.0.1 B A HEAT SR IAE T, IR I 2 HE 4
AN R AAB AT AL B, LA 5 A BIR B2 A FH A 15
S8 W e i 177 . AR pre-EASIX /Y = 73 i 4L
{44 HF HE 0 = AK 4.1 41(-3.15~0.62) .2
241(0.63~1.97) 13 24H(1.98~9.96) , Nit—L0Hr
pre-EASIX S5 AN[R] HF 7 2H £ & 15 i AH G , A F
FEB IR E L S RIS WA TR (2024) )11
AR LVEF X HF 3% #4770 41 : OLVEF <40% )
FRE U Ry B 1 4 B REAG B9 0 3 (heart failure with
reduced ejection fraction, HFrEF) 4 ( A 41) ; 240%
<LVEF<50% [ (37 U= 0 S5 170 B0 B2 R AR A 0 2

(heart failure with mildly reduced ejection fraction,

HFmrEF) 21 ( B 41) ; @ LVEF = 50% %) B 3 19 4 it
1535 B4 190 3 (heart failure with preserved ejec-
tion fraction, HFpEF)ZH(C #41) .,
1.2.3  WMEIEIR

WERLL 5 HF B8 78 A 415 30,90, 180 & 365
KA IRES 5 CIRES BT BTG ) .
1.3 SitFEAE

KA SPSS 29.0.1 Geit2# 4k, fF A IERA A0
LA R xxs 3R, SR FH BRI R 7 22 40 #r ik
T AR B IES M N ELL R A M( Py,
P.o) %, K Kruskal-Wallis H ¥ 56 #4704 3
BRI n (%) Fom R x* B g 47 o Sk A
RStudio 2024.12.0 A rms” 45w (1) FR i 4 37 5 R
2% (restricted cubic spline, RCS) Jy %404 HF H &
HET X Bifi pre-EASTX 7K i 2228 AL Ao 4 #4 s R
“survival 7 i1 2> ] 55 pre-EASIX #H 3¢ ) Kaplan-
Meier A=A HIZE, AT L 1 41 2 41 .3 4L 7E 45 B[]
SRS R R Cox B FIZ [ Cox [A]
HCHRETERZ M R RIS ) WA 1 4 2 21 .3 HAE%
IfIR] R B FE T MUK 22 55, LA Je A 4H B 2 .C H =1~
ANENVAH B pre-EASIX 545 Bsf [0) 15 A 8 T XUBS: ()
KR AR DUHRE N N2, BRI a=0.05,

2 & R

21 —miER

XF 3 AR — MR LA A SR R M
fik pre-EASIX 21 HF & |5 pre-EASIX 4 HF &%
I1#% .CR .LDH , TnT . hs-CRP . NTpro-BNP SAPS 1I
P H1 SOFA 143 A6 8¢, PLT 3 ik, DM, MI
CKD KIRHAHM 4L 5, Los B K, 30.,90,180 M 365 d
FET A B Ry, 22 3 Giih2E a8 L (P<0.05) , L
#®1,

® 1 HF BHEB—BRBHLE [n( %), xxs, M(Pys, Pys) ]

Table 1 Comparison of the HF patients’ common data /[ n( %), x+s, M( Py, P;5) |
WiH B (n=17146) 41 (n=2382) #H2(n=2382) M3 (n=2382) F//H P
R % 70.63+12.81 70.40+12.90 71.61+12.62 69.88+12.84 1139 <0.001
P51 169.90 <0.001
I 2956(41.37) 1234(51.81) 913(38.33) 809(33.96)
E 4190(58.63) 1148(48.19) 1469(61.67) 1573(66.04)
Fiile 45.08 <0.001
AA 4610(64.51) 1619(67.97) 1558(65.41) 1433(60.16)
LN 727(10.17) 186(7.81) 237(9.95) 304(12.76)
Foft Az 1809(25.31) 577(24.22) 587(24.64) 645(27.08)
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A B (n=7146) A1 (n=2382) 2(n=2382) M3 (n=2382) FN*/H P
I fa b M
HR/( ¥X/min) 86.20+17.00 87.29+16.88 85.03+16.81 86.28+17.24 10.57 <0.001
MAP/( mmHg) * 77.4310.95 78.68+11.15 77.11£10.50 76.49+11.08 25.47 <0.001
{8/ (me/dL) (108.5)5,.10;)9.00) (104.1)%9,.1025.00) (112})?)9,.1051.00) (109})21,.1032,25) 7148 <0.001
WBC/(10°/L) (7‘91)1,'?50.60) (8.0101,.?50.20) (7.8101,.10;).50) (7.61)1,'122.10) 0441 0802
HB/(g/dL) 10.49+2.37 10.75+2.24 10.58+2.38 10.14+2.44 41.61 <0.001
LDH/ (IU/L) (224.%)%%?302.00) (189.%)?)2,.3;)3.00) (235.?)%3,.3587.25) (295.?)309,.7552.25) 182839 <0.001
CR/(mg/dL) (0.98?310) (0.7%,910.10) (1.03,310.80) (1.5%?4?.00) 2743.04 - <0.001
PLT/(10°/L) (137.1)901,.3509.00) (195.%)500,.;)21.00) (140})?)1,.2526.00) (92.33,1i209.00) 174192 <0.001
pre-EASIX 1.26(0.29,2.39) -0.09(-0.59,0.29) 1.26(0.94,1.59) 2.95(2.39,3.93)  6351.11 <0.001
TnT/(ng/mL) 0.15(0.05,0.64) 0.10(0.04,0.33) 0.13(0.04,0.66) 0.22(0.07,0.99)  136.97 <0.001
hs-CRP/ (mg/L) (34.1?)4,.1522,20) (19.5752,.194(1)8.05) (42.3950,.1029.15) (36.9937,.19751.78) 723 0.077
NTpro-BNP/ 5032.50 3160.00 4902.00 9133.50 11793 <0.00]
(pg/mL) (1863.75,13330.75)  (1308.00,8205.00)  (2015.00,13094.00) (3 104.75,20 462.75)
SAPS 11 i3 41.02+13.92 35.91+11.80 40.30+12.41 46.85+15.09 716.44  <0.001
SOFA 4> 5.733.57 3.82+2.74 5.46x3.07 7.92+3.58 1653.51 <0.001
BIE
HLP 3273(45.80) 1046(43.91) 1150(48.28) 1077(45.21) 9.64  0.008
HTN 1504(21.05) 705(29.60) 484(20.32) 315(13.22) 19327 <0.001
DM 3082(43.13) 882(37.03) 1064(44.67) 1136(47.69) 58.66  <0.001
MI 2482(34.73) 673(28.25) 843(35.39) 966(40.55) 80.18 <0.001
CKD 2854(39.94) 426(17.88) 1025(43.03) 1403(58.90) 849.52  <0.001
CPD 2570(35.96) 942(39.55) 895(37.57) 733(30.77) 43.83  <0.001
RIT29)
ACEI/ARB 1600(22.39) 584(24.52) 577(24.22) 439(18.43) 3231 <0.001
Rl RIS AR 5991(83.84) 1996(83.80) 2094(87.91) 1901(79.81) 5771 <0.001
B 37 AR B 5 5543(77.57) 1 858(78.00) 1922(80.69) 1763(74.01) 30.88  <0.001
MRA 1133(15.86) 337(14.15) 441(18.51) 355(14.90) 19.44 <0.001
SGLT-2 57(0.79) 15(0.63) 25(1.05) 17(0.71) 297  0.226
255
30 d SET ABK 1454(20.35) 331(13.90) 406(17.04) 717(30.10) 217.02  <0.001
90 d BET- A4k 2 112(29.55) 525(22.04) 615(25.82) 972(40.81) 225.41 <0.001
180 d #ET- A% 2455(34.35) 633(26.57) 726(30.48) 1096(46.01) 223.33  <0.001
365 d JET- ABL 2 874(40.22) 765(32.12) 871(36.57) 1238(51.97) 215.15  <0.001
Los/d 3.15(1.68,6.32) 2.79(1.50,5.33) 3.15(1.69,6.23) 3.75(1.89,7.39) 87.40 <0.001

“1 mmHg=0.133 kPa,

i, HF &% 30,90 180 & 365 d AYFET XU B A 5
TRE#aF H Y pre-EASIX > 1.24 B, 56T XU 4 JF
U BT, R —FheT B 2R AR, 2 R A S
Y (P<0.05), WK1,

2.2 pre-EASIX 5 HF B2EH T XX HEH RCS
Xl
RCS 73 M4k H 7K | pre-EASIX 5 HF % 4E
TS 22 (B FE R AR M OC 3R . Y pre-EASIX < 1.24
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Figure 2 Kaplan-Meier survival curve of the relationship between pre-EASIX and the mortality risk of HF patients during 30 (A),
90 (B), 180 (C), and 365 days (D)
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2.4 pre-EASIX 5 HF E2EFXTXKEAX R
FLHZE Cox [FIHA M A 45 R WoR, 2 dUBE 1

30d DA K 3 2 AY 30,90 180 1365 d FET- XU )

T 1AL ZRAG R L(P<0.05) , WLIE 3A,

A

OR(95% CI) P
141 il -
30 dFET- RS, 241 1.162(1.005~1.344)  b—e—t 0.042

34 1.746(1.533~1.989) —a—  <0.001

140 S -

90 dFET-URE 21 1.1150.993-1.253) e 0.067
340 1.562(1.405~1.738) —— <0.001
141 SR -

180 dFET- XU 241 1.096(0.985~1.219) = 0.092
341 1.496(1356~1.650) —— <0.001
M s -

365 AFET-JRURSE 241 1.0980.996~1210) =4 0.059
34 1.429(1306~1.564) —-— <0.001

08 15 2 22
HR(95% CI)

TEXTVETE 52 e [ 22 A7 PR 3% 5 i Z I R Cox
M R R, 2 45 3 B H1) 30,90, 180
K365 d FET- K& T 1 41, ZRARITFE X
(P<0.01) , LK 3B,

B OR(95% CI) P
141 S -
30 dFET- X 241 1373(1.165~1.618) | ~—e— <0.001

321 2.142(1.766~2.598) —a—a  <0.001

141 S -
90 dFET XUk 241 1276(1.117~1.457) | et <0.001
341 1.911(1.630~2.241) —e— <0.001
141 SR -
180 AZET- XU 241 1.211(1.071~1.368) |+ 0.002
340 1.785(1.540~2.070) —— <0.001
14 i -
365 AFET- XU 240 1.179(1.054~1.319) |~ 0.004
34 1.620(1.413~1.858) —.— <0.001

T T
09 15 2 2528
HR(95% CI)

K3 pre-EASIX 55 HF ESET- KU A B (A) MIZ K 3 (B) Cox [1IH 73445

Figure 3 Results of the univariate ( A) and multivariate (B) Cox regression analysis of the relationship between pre-EASIX and

the mortality risk of HF patients

2.5 pre-EASIX 5§ HF £#& R [EIE A T XA
EF

W 2H FEZREE LR B, 51K LVEF W24 1,

f5 LVEF W ZHAFS 3R, 2Pk o L HE | pre-EASIX |

MAP HB ., LDH , TnT , NTpro-BNP B {f%, 5 /b )i F

ACEI/ARB MRA #j¥), ¥ £ & JF HIN, /D& JFF

A OR(95% CI) P

S

AZH  1.152(1.103~1.204) —— <0.001

30 dFET- XU BAL  1.175(1.108~1.247)

—— <0.001

C4L 1.154(1.100~1.209) e <0.001
A4l 1111(1.070~1.153) —— <0.001
90 dFET- KUK B4l 1.138(1.082~1.198) —— ~0.001
C41  1.139(1.094~1.185) —e— <0.001
A4l 1.107(1.069~1.146) ——— <0.001
180 dZET- XU B4l  1.124(1.071~1.179) —— <0.001
C41  1.124(1.083~1.167) —a— <0.001
A4l 1.097(1.062~1.133) —— <0.001
365 dFET- XU B4l 1.117(1.068~1.168) —— <0.001
C4L 1.113(1.075~1.153) — <0.001
T T
1 L1120 13
HR(95% CI)

MI, 223 H G258 X (P<0.05), HL.HFE Cox
[LH AT Je , FEX RS 7R 52 e DX 2% A 8 s 1 22 A
# Cox [IH/ M4 5 7R, pre-EASIX 5 AR 41
HF f835 BT XU AA AR A 37 AR DG (P<0.05) o DL
&4,

B OR(95% CI) P

A 1.251(1.139~1.373)

30 dBET- XU BAL  1.288(1.145-1.450)
CH 1325(1.207~1.453)

e —] <0.001
—a—  <0.001

it <(.001
A41 1.200(1.109~1.299) —— <0.001

90 dFET- XU BZL  1.248(1.127~1.383)
C4l 1.298(1.198~1.406)

—.— <0.001

—— <0.001

A4l 1.191(1.105~1.284) —— <0.001
180 dFET- XU BAL 1.249(1.134~1.375) — <0.001
CZ4 1.286(1.193~1.387) —e—  <0.001
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Figure 4 Results of the univariate (A) and multivariate (B) Cox regression analysis of pre-EASIX and mortality risk in different

subgroups of HF patients
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