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Abstract Objective: Systemic inflammation is associated with poor prognosis in acute heart failure (AHF).
This study was to evaluate the association of whole blood cell-derived inflammatory markers [including neutrophil-
to-lymphocyte ratio (NLR) , platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR) , system-
ic immune-inflammation index (SID), and systemic inflammation response index (SIRI) ] with all-cause mortality
in patients with AHF. Methods: This study was a prospective cohort study with 538 consecutive patients with
AHEF enrolled from April 2012 to May 2016 ,and followed up until March 2019. The optimal threshold of inflam-
matory markers to predict all-cause mortality in AHF patients was determined by ROC curves and the participants
were then divided into separate groups based on this threshold. Survival curves were plotted using the Kaplan-
Meier method, and log-rank tests were performed to compare any differences in all-cause mortality between in-
flammatory marker groups. Multifactorial Cox regression was performed to assess the association between inflam-
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matory markers and all-cause mortality in AHF. We usedtheAUC, integrated discrimination improvement (IDI) ,
and continuous net reclassification improvement (c-NRI) to assess the improvement of the underlying predictive
model of inflammatory biomarkers in AHF patients. Restricted cubic spline regression and segmented linear re-
gression were used to explore the threshold effects of inflammatory markers and all-cause mortality in AHF. Fi-
nally, a randomized survival forest model was used to estimate the relative importance of each inflammatory mark-
er in the risk of all-cause mortality in AHF. Results: At a median follow-up of 34 months, there were 227 all-
cause deaths(42.2%). Multivariate stepwise regression showed that age(P<C0.001), gender(P =0.003), mean
arterial pressure(P<C0.001), urea nitrogen(P =0.005), and NT-proBNP(P<C0. 001) were independent risk fac-
tors for all-cause mortality in patients with AHF. After adjustment for the above variables, NLR(P =0.011),
MLR(P =0.015), SII(P=0.026), and SIRICP =0.017) were all independently associated with the risk of all-
cause mortality in AHF patients. Notably, NLR and MLR significantly altering the predictive power of our model
for all-cause mortality in AHF. Restricted cubic spline regression results showed that NLR, MLR, SII, and SIRI
were linearly related to the risk of all-cause death in AHF, and platelets(PLT) and PLLR were nonlinearly related
to AHF prognosis with threshold inflection points of 159. 676 <10 /L and 111. 585, respectively. A random sur-
vival forest model indicated that NLR was the most important predictor of the five all-cause cell-derived inflamma-
tory markers. Conclusion: Inflammatory biomarkers were associated with all-cause mortality risk in AHF pa-
tients, with NLR being the most important predictor among the derived inflammatory markers and significantly

improving the predictive power of the model, while PLLR had a non-linear "U" shaped relationship with all-cause

mortality risk in AHF,
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Table 1

Baseline characteristics of patients with AHF
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LEWH AN/ mm 49, 71+13.30 48,09+ 14, 47 0.180
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. NI e L T T I
PLR 0.549(0.493~0. 606) 99. 66 0.595 0.556 AHF ‘%%%%EZIETJZ?EJE{U‘E'EAZ@ U :’iaé
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100 100 100
75 75 75
&8 & &
2 50 B 50 B 50
& i & i & V
# | . # ' ' # :
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P<0.001 P=0.023 P<0.001
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Figure 1 Kaplan-Meier survival curves showing the association of five inflammatory biomarkers with all-cause mortality in

patients with AHF

£3 SEFCxDPEASMITHIEEMIREY S AHF 2B TRBEH X F

Table 3 Multifactorial Cox regression analysis to assess the association between inflammatory biomarkers and the risk of all-

cause mortality in AHF

. Ir A Log, ¥4 Jm B 878
HR(95%CI) P1{H HR(95%CI) P {H
NLR 1. 483(1.095~2.008) 0.011 1.266(1.094~1.466) 0.002
PLR 1.254(0.959~1. 640) 0.098 1.061(0. 894~1.258) 0.497
MLR 1.431(1.071~1.912) 0.015 1.208(1.012~1.441) 0.036
SII 1.424(1.043~1.943) 0.026 1.157(1.023~1. 309) 0.020
SIRI 1.387(1.061~1. 814) 0.017 1. 213(1.077~1. 366) 0.001
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Table 4 Improvement of 3-year prognostic model by adding whole blood cell-derived inflammatory markers to the base mod-
el separately

Gy AUC 1IDI c-NRI
HL i 5 T 0.738(0. 690~0. 787) - -
+NLR 0.750(P=0.111) 0.013(P=0.044) 0.227(P=0.032)
+PLR 0.745(P=0.167) 0.008(P=0.140) 0.151(P=0.112)
+MLR 0.741(P=0.680) 0.008(P=0.132) 0.152(P=0.044)
+SII 0.744(P=0.363) 0.009(P=0.100) 0.153(P=0.064)
+ SIRI 0.741(P=0.703) 0.008(P=0.168) 0.152(P=0.068)

\ — Estimation P-overall 0.410 \ — Estimation MP-overall 0.006 —— Estimation . P-overall 0.044

P-nonlinear=0.699 - - 95%CI 25k - - 95%cI / | P-nonlinear=0.016,

v - 95%CI //

2.0F

y P:nonlinear=0.002”

g
=)
T

HR(95%CI)

N
a1
T

1 1 1 1
10 -05 0 05 1.0
Log,(LYM, x 10°/L)
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I- r 1 1
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a:LYM;b:PLT;c:PLR,
B2 #&£EFEABRLYMPLTH#I PLR 5 AHF 2EZ2ERTHFAERNX R
Figure 2 Restricted cubic spline regression showing the dose-response relationship between LYM, PLT and PLR and all-

cause mortality in AHF patients

£S5 HMERESH PLT.PLR 5 AHF 2E£REETHX R
Table 5 Threshold effect analysis of PLT,and PLR in relation to all-cause mortality in patients with AHF

A ELi g Log, 4 Iy HR95%CD) P URLLES P (E
PLT 159.676X10°/L  7.319X10°/L  <C(7.319X10°/L  0.643(0.419~0.987)  0.043 <<0. 001
>7.319X10° /L 1.968(1.160~3.340)  0.012
PLR 111.585 6.802 <6.802 0.721€0.506~1.028)  0.071 <<0. 001
=6. 802 1.115€0. 786~1.581)  0.542
2.6 RIEAEWIREY I AHF 2 & 2 HIET-H T 1Y f F 2 Y T AZ
R 3 iie

Pearson A & 43 B 3¢ BH 28 S A5 iR ) 2 [BI A7 4E
e A S (L 3a) o SR 1 aE s v BB AH G 10 H AR
ZRAFAE L E M, i — 20 ] RSF RERIFR 5T 5 Fl &
I 40 AT AR B 480 A A P B AHF f8 3 4 R 2K
TOHY TS (8 3b), RSF #5045 5 0ok, 78 L il
Y PR 2 AURAR IR 2 TN AHF B & 2 AT
A GRS % NLR A1 SIRT W2 5 R A5 4R 1)
SAE bR W b S B T R L A R RS gy
Br i i RSF B ot 5 Fh 137 4= i 48 0 A i 4 ok
1T AHF BG40 25 A3 W T 2RI 45 8, NLR 52
X5 FpAT A SROREAR B R TN AHF 55 2 KK

AW FE A& — T AT BE M B 5 WF 5%, XF 538 i
AHF & AT EE 0 B, B8 58 5 Fh 4 i 41 i i1 A
MR &5 AHF B E 2 FE T 09 4 M,
9% % ¥ NLR.MLR,SII 1 SIRI J& AHF &% 4
PRIZET /Y 40 57 fa B LR, o NLR fit MLR 7]
2 A R R A T BE f . — b B A Il A A
FW,PLT 1 PLR 5 AHF & 2 HIET- 2L
PECU”HIEZ&, AP, RSF BERIZ5 B R, IR A
FAF IS 2 U AHF B 2 6T i 8 2 0 fa B
[HZ L NLR W2 5 Fl 4 i 20 i AT 2 19 48 5E bR & 9
e B B A O R F
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