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Abstract

Objective: To investigate the independent influencing factors for the 28-day prognosis of patients
with sepsis in the intensive care unit (ICU) and to develop a stable and reliable predictive model.
Methods: A case-control study was conducted. Clinical data of patients with sepsis admitted to the
ICU of the 940th Hospital of the Joint Logistics Support Force of the Chinese People’s Liberation
Army from 2017 to 2022 were retrospectively collected. Patients were divided into survivor and
non-survivor groups according to their 28-day survival status. Statistical methods were determined
after normality and homogeneity of variance tests, and variables with a P value < 0.05 were retained
following between-group difference analysis. A binary multivariate logistic regression model was
constructed and visualized using a nomogram. The discrimination ability of the model was evalu-
ated by the receiver operating characteristic (ROC) curve. DeLong’s test, net reclassification improve-
ment (NRI), and integrated discrimination improvement (IDI) were further applied to assess the im-
provement in predictive performance of the combined model compared with individual predictors,
and decision curve analysis (DCA) was performed to evaluate the clinical net benefit of the model.
Results: A total of 290 patients with sepsis were included, of whom 206 survived (71.0%) and 84 died
(29.0%). Univariate analysis revealed that hypertension, diabetes mellitus, age, Acute Physiology
and Chronic Health Evaluation II (APACHE II) score, lactate, and fibrinogen were significantly asso-
ciated with prognosis (P < 0.05). Multivariate logistic regression identified APACHE II score, lactate,
and fibrinogen as independent influencing factors for sepsis-associated mortality. The area under the
ROC curve (AUC) of the combined model was 0.785. DeLong’s test, NRI and IDI all demonstrated that
the combined model exhibited significantly better predictive performance than each individual
predictor. DCA showed that the model provided a favorable net clinical benefit across a threshold
range of 0.08~0.91. Conclusion: The predictive model based on APACHE II score, lactate, and fibrin-
ogen exhibits good discrimination ability and clinical utility, offering a valuable reference for early
risk assessment in ICU patients with sepsis.
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HAPs . W5 7 kNg. B 2005 4ELIOR, BE% “MREEAAL” 1677 RIS IOHES LS MR I PR 2R
B TE MR, R IAE T R O R I T R (5] R WL, BREAED) L4 A IREFEIE T ANBURIT 20%
[6]. BUEHHTISI T HOR S I FBROE e, MEERIIRRIGIT RS RIRIR[7]. 2T 3, AwFTEil
I A S TR A TR TN AR, DB PR IS 595 N 0% 45 BRIC B DT BH . 3RTF TARRCR, M
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2. MREFHE
2.1. RMR

AW FE RGN 2017 28 2022 AFHATE], H N IR B BB TR B R A 28 LY O B= Bt 1ICU HUiA (14 ik
B 290 9], Fodbh Aotk 83 i, Bk 207 il WEFIRT RAIERE: IAARAE: 1) R >18 B 2) A
DR L fhs 7 = 2 22 (ESIC M) FH 36 [ HORE 1 471 25 2% 23 (SCCM) 55 2 A [ b L ML 2 2RI R AT IR IR 239 12
FrifE(Spesis-3.0) [1]; 3) AfE ICU Bf[E] >24h; 4)EBEIGAKREMIRIR, —BRTRIEEA e8Il . Hik
PRk 1) W < 18 % 2) MFESEEE: 3) M B, 4) ZAEsUmIAIAE Z; 5) IEH(E 3 30 K
PHEAT I B R FAR MR 6) B E BT 5T AR A 0 A . AR IR EhE A TS AR, K A
F74H.(n = 206 1) 5 FET-2H (n = 84 ).

22. BIRAE

2.2.1. BIERE

TE I A R R, WSO A T A e R B R TS P XU DR 2R I R TR . USRI N
BOFE: 1) VR AR, MR BEES. DML HTN. W@ A0l s, 2) 24 h Wil AE AL 3E bx:
FFERAETEFR R E T (LYM) . FR45 K R (PCT). lactate); ATZhAEIRAR(RI T RRE M (AST). A
RAIRAT L EIG(ALT) I BEREG - AL LN, BARHLL R R R, BREEA . fTEER):
EE T Refabr(fibrinogen. [H FRbr#EAL ELIEL(INR) 3% A0 20 E L5 B B [B] (APTT) Ifil/MR 1+ 34 (PLT). D-
TRAR): 3) B EARREVESr: 24 h 9 APACHE 1 47,

2.2.2. GitFELEE

RiH R 4.4.1 BATFBAT G 20 Mo tE R BORE IR IEZS 7040 HO7 22570, RIS FEA t A5
FHRMIE S A E AN 07 2550, SR Welch yEI o0 t 4856, 45 R UAKH £ frdEZE(X £ 5)FR;
LHAWMIERS 20, KA AESHHG L (Mann-Whitney U £55), 45 5 LR A2 50 I 2% M (P25, P75)%
ANy THECTORVR B A R TR, DU R . iR AR B AR RN —Jt 2 M & Logistic B4 H7, LA
PR 5 I JHR B R LR (s ARG DRI 3, R R TR BE T R A AR AR Y . 20 ROC T 4 I it S th
2 N APPSR X 43 IE AR LI e 70 2 — 20K A Delong K. 4 FH1 73 K FEHU(NRI)FIZE & F0 7
DS TR (1D PPAS AL 1) T K R i 1 0, 3 I ke 5 il 2240 BT (DCA) PP S HRL 119 Ik PR 14 3 & o

3. &R
3.1 REEREEHFEHSH LT ANIGKREIRIELE

LGNNI 290 51 ik B0 B AR E 28 d BTG 25 R 70 N AEAF 4 (n = 206 i) S5ET-41(n = 84 ). P
[ LEPE S BEAE S MR s, R 2. LYM. PCT. INR. APTT. D- %4k, PLT. AST. ALT. ERE&EH.
(AR LL 3R B IR 2038 VB R IR I L - 75 S L e # B R T B3 2 R 7 T 22 S 2 e vk 23 (P > 0.05) .
SRIM, 7€ HTN. DM. . APACHE Il 14>+ lactate Al fibrinogen 22 5 HA5 4 it 2£ 7 X (P < 0.05),
HAFETHMFR . APACHE Il PF43 lactate £U{H KT AE474H, fibrinogen #U{E/NTAEAF 4 (7 1 FI5k 2).
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Table 1. Comparison of count data between survival and non-survival groups of sepsis patients

F 1 FEESETERSERENITRERR

B3 AFF4 (n = 206) FET -4 (n = 84) ¢l P1H
PE5 1.093 0.296
E: 140 (68.0) 63 (75.0)
S 66 (32.0) 21 (25.0)
REAE s 0.719 0.397
= 59 (28.6) 29 (34.5)
5 147 (71.4) 55 (65.5)
HTN 7.125 0.008
2 24 (11.7) 21 (25.0)
4 182 (88.3) 63 (75.0)
DM 4.367 0.037
2 23 (11.2) 18 (21.4)
& 183 (88.8) 66 (78.6)
R 52 0.310 0.578
= 53 (25.7) 25 (29.8)
4 153 (74.3) 59 (70.2)
eikd 0.821 0.365
2 18 (8.7) 11 (13.1)
4 188 (91.3) 73 (86.9)
*: P<0.05 ZRAGIEREL.
Table 2. Comparison of measurement data between survival and non-survival groups of sepsis patients
% 2. FEEASETHERSESENITE AR
B3 A 174 (n = 206) T4 (n = 84) Z{H (tfH) P{E
(%) 58.89 + 16.86 65.41 £19.37 —-2.423 0.015
APACHE 11343 (43) 17.24£9.21 23.71 £ 7.59 —5.700 <0.001
LYM (x109L) 0.68 (0.42, 1.14) 0.65 (0.40, 1.16) 0.303 0.763
PCT (ng/mL) 12.67 (2.03, 60.98) 11.02 (1.53, 44.29) 0.497 0.619
Lactate (mmol/L) 2.20 (1.53, 3.80) 4.45 (3.00, 7.08) -6.339 <0.001
Fibrinogen (g/L) 433 (3.22,5.84) 3.06 (2.30, 4.30) 4.745 <0.001
INR 1.26 (1.14, 1.56) 1.30 (1.15, 1.57) -0.443 0.658
APTT (5) 37.35 (30.83, 49.18) 34.15 (28.83, 46.78) 1.267 0.206
D- - {k(mg/L FEU) 6.48 (3.02, 14.92) 6.96 (2.99, 8.74) 0.853 0.394
PLT (x109/L) 116.50 (50.25, 190.75) 126.50 (74.50, 195.25) -0.641 0.522
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KT A
AST (U/L) 40.00 (21.00, 102.75) 50.00 (22.00, 242.50) -1.881 0.060
ALT (U/L) 27.00 (15.00, 70.75) 35.50 (15.75, 124.00) -1.361 0.174
BREE M (g/L) 21.09 + 8.60 21.18+7.26 -0.082 0.935
(]2 H 21 2 (mg/dL) 6.87 (4.50, 13.05) 5.85 (3.68, 12.43) 1.480 0.139
HEAHA F (mg/dL) 9.44 (5.50, 20.17) 10.75 (4.89, 19.60) 0.386 0.700
TR B R Tl (/L) 70.00 (49.00, 116.75) 72.00 (55.75, 97.75) -0.425 0.672
- & R (U/L) 42.00 (20.50, 112.50) 44.00 (22.00, 91.00) 0.634 0.526
AT A2 (mg/L) 73.00 (43.25, 117.75) 72.50 (36.50, 113.75) 0.996 0.319

E: P<0.05 ZREGITHE L

3.2. EMRSEBETEN_tZEE Logistic BlYA534T

DABK 50T e 28 d TS /E N RIS B (R : JET: =1, F835 =0), iRt fErhdmik b igdads HTN (R
H: & =1, & =0). DM({H: 2 =1, %% =0). F#. APACHE Il {4} lactate. fibrinogen /E N H
B, AN_JCZFFE Logistic [FEHEAL . 1 R iES @A IR, 45K 8K, APACHE II i
43(P <0.001). lactate (P <0.001). fibrinogen (P = 0.010) /i B¢4E & & 28 d i HIH AL 52 K 3 (42 3).

Table 3. The results of Logistic regression analysis of prognostic factors in patients with sepsis
= 3. REEBREMEZWERNZEE)INHE

Bl B SE Waldc{H P1E ORfE(95% ClI)
APACHE II3¥4; 0.062 0.017 3.61 <0.001 1.060 (1.030~1.100)
lactate 0.190 0.053 3.55 <0.001 1.210 (1.090~1.350)
fibrinogen -0.237 0.092 —2.57 0.010 0.789 (0.654~0.938)
DM 0.683 0.421 1.62 0.105 1.980 (0.857~4.520)
HTN 0.508 0.407 1.25 0.212 1.660 (0.741~3.680
age 0.009 0.009 1.02 0.306 1.010 (0.992~1.030)

T P <0.05 UEWIAZ OB R 2K o

3.3. FI&EFARR R E L

JET Logistic [FIAZM 4R, R R S @A 2B X HARR . 2R RoR ©ASRBUEACT T
H 3¢5 APACHE Il $¥7), lactate /% fibrinogen SI5UA5 AH UM A0SR0 R TR, RV REAE 6 10
SET-TRIM R (K 1)

3.4. RS FMAREY B9 38 E

fFH RE S %M 5 # i ROC #iZEA1 DCA #iZk. 3T APACHE Il $¥43. lactate 1 fibrinogen %
AL ) ROC #2485 B R, SR HA RIFMX 7B, HRBUE R 0.821, FrmEh 0.650, £9%
RN 0.472, FAEBWIEN 0.225, AUC 4 0.785, & TAE—H—F84x AUC (14 2). >R F DeLong 5%
PLAC R G2 5 % B — SR AR I T 8 RE, 45 S W R G B Y [X 43 FE S 35 A0 T & B —F8 45 (42 4). NRI 43
AT DA B A 2 T ARE %6 1 DU 43437 %5 (0.123, 0.214, 0.417)VE N A I s, K 5538 K1l 43 DU A KU 252 (<25%
25%~50%. 50%~75%. >75%). Z55 IR, BREHAE GG 1 B I XS 40 RAER (L 5). 1D 40 #fr
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SR R AR R 25 5 R, TS FE 25 $R2 T (3 6) . DCA S5 3R, A MU AE B {1 3% 0.08~0.91
VO A B A IR R R 2, AT A A T (AN RTANIR 7 (None) Pt im Sl , - i A6 7R ) A 20 B s PAS
F, R EERITEURIT AR . SR, FEARAR(<0.08) FIHK i (>0.91) KU BIE T, MR )% 5K 25 B 34 AN

=]
(& 3).
0 10 20 30 40 50 60 70 80 9% 100

Points L 1 1 1 1 1 1 1 1 L ]
fibrinogen 35 30 2 20 15 10 5 0
lactate 0 2 4 6 8 10 12 14 16 18 20
APACHE I 0 5 10 15 20 25 30 35 40 45 50
Total Points 0 20 40 60 80 100 120 140 160 180 200
Linear Predictor -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4
Probability of Death 0.01 0.05 0.1 0.20.30.40.50.60.7 0.8 0.9

Figure 1. Nomogram risk prediction model
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Figure 2. ROC curve of the risk prediction model
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Table 4. Comparison of predictive performance between the combined model and individual predictors
4. BAEKRESE B — RTINS AR EL

T AUC (95% CI) AUC Zf{A P1E
AR 0.785 (0.730~0.841) - -
APACHE Il 314} 0.710 (0.649~0.771) 0.075 0.004
lactate 0.737 (0.674~0.800) 0.048 0.032
fibrinogen 0.678 (0.610~0.745) 0.108 <0.001

E: P<0.05 fCRHBEAMETR AUC ZRAA S5 L.

Table 5. Comparison of the NRI between the combined model and individual predictors

F# 5 KARAESEB—IgtReEN T IR

By Xt NRI+ NRI- NRI (95% CI)
XA AR T-APACHE Il 34 0.083 0.335 0.418 (0.242~0.579)
It & 15 78 - lactate 0.167 0.296 0.463 (0.286~0.648)
I & 15 8 fibrinogen 0.238 0.316 0.554 (0.376~0.743)

e NRIHNFET-ALIER A, NRI-JAAE4LIER E ).

Table 6. Comparison of the IDI between the combined model and individual predictors
7 6. HARE SR B —EREEFIFINEREMLER

By Xt IDI P1E 95% ClI
B A R-APACHE 11 ¥4y 0.109 <0.001 0.073~0.150
FA A 178 -lactate 0.084 <0.001 0.052~0.119
I & 1 8 fibrinogen 0.131 <0.001 0.089~0.177

E: P <0.05 ERKGHAAALL T8 —$abs, BRI BAT gt .

o — Logistic Regression Model
S 7] —All
None
N
=
4
8
M
3 —
Z s
o
a -
f T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

High Risk Threshold

Figure 3. DCA curve of the risk prediction model
B 3. KEETUNRERY DCA fhzk
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4. ¥ig

St A T A R HER WL EEA 11 (Acute Physiology and Chronic Health Evaluation I, APACHE 1)1
YV AE I EE I RS, BRI R R I R AR TS T L. %0 RS
KNAUS %5F 1985 4F kA, O8N ERE R R ME TR 2 —[8]. K& FLEKH, APACHE Il Wir5
FRA 7™ L E K ICU R TS S35 A0 55 [9]-[11]. 7ETIMI ICU Mk F35E g JET- X )5 T, APACHE I
PR T RGN RE . /£ WANG S Fi, APACHE Il P4 B 9NN kB 38 28 K TilfG
(A RS R 2%, H 2R FIAR(AUC) N 0.763, KWHiZIRbrAEiE A ML T F 41 R AE[12]. H4b,
TRERRIREFOAER 0 ICU BRERAE A FE T2 RS EAT TS, APACHE 11 3F43- 1) AUC i 0.739, #HET
SOFA PFJr 1 0.724, BoR B KRR GE J[13]. EA VBT FTHIEMELE R, H OR (B 1.060, XMk
EVF RN 1y, MREEBEIET RGN 0.6 £, b DAL 7 HAEBE T T 5 T ) AR .
PAEWEFERY], APACHE Il P2 £E ICU BRFHIE BB 3 TS PR o B 35 N 8. e84, APACHE
PP TEIG PR BRI C 7 B S PP S AR A 1 5 AR o 25V RE e 35 Bh R 47 N Dn! fi 893 &8
HHAT BV, (RN TT S, RGBT R UR A AN C, AN R LA I AR S e R
7o

FLI2 (lactate) 24 N AR AR Hp = AR I — FiCE LR, B2 M &7 W8 BORS SR E B AU R R AL N RE =
AR, 1T DL 3 I 2 SR AR IPIR S o ZEM@ R MA T, lactate ¥ FE IR #2904 0.5~1
mmol/L [14]. #RT, 7EZFUREDIRA N UARERE . AR50, M EERYSE), lactate KPR LLRE T, HE
it 4 mmol/L, W] RE S EALEREL H #[15]-[17]. 7E Sepsis-3 H, IMLi# lactate 7K°F kT 2 mmol/L #45 \Jie
BREAR ST 12 WTARAE[ L], 2021 4F A (1 S PR BUK BERE IS B4 B ) G O B AUk B0 78 2 I & lactate 7K°F,
7 i 81 6 B B e AR T I RN 3, BT B SR R, DLRRIC lactate /KSF[18], IX K lactate
FETI 5 175 77 AR L K A 2697 T BA — 2 S M H. AR, lactate ¥k i id 2.95 mmol/L 7
R BERE S AT (S AR R 3 [19] . ZEARBETE T, SETEE ) lactate W B2t A7 804 B 4.45 mmol/L, &
7~ T lactate F A AT B E AN R &5 RRISREIM S ME . JT Ik, B4R lactate A& Ik #0448 4R, (2
ER TR G AR AT 2 B, 45 G A IR PRESE BEAT 5 A A, R LS B I PR 2 A R
e R e B R, ST SR IR . ) BT e, AT BRI IR BRRE R 3 I BB TR

214 5 (1 )5 (fibrinogen) /& —Ff B AT A B SRR A R B R 1, [l 2 — Rl e 7, 251k
I FRETRE A GUE I FE[20]. AHRIRAE TS, HMKIRETEREDY 2~4 g/L. BREFRERT, MR 20 [ B
5k Th R ™ B R AT, AT 4EER A SR R IUSUHAR L RO SRR TR R RE TS, BEERIEIE, 4
PE AR TR, 2R, HSMREE A 28 KRR IL TR T & % VI K[21] [22]. [
I, FLAE AR — T [ o 14 A B0 7 3 BR AR 414 B 1 4H 280 41 44 2 1 B AR R B AR T B TR A [ 23], 3X 5 AT
FRGER 3, KPS R WAL Matsubara 5 ABFFLH 1453 7 IAE[24]. BRI, IEIAF4EE B R KA
BT PP Al R EERE B3 1) SORE S B IMCIRES , BT 1 Sy B0 0 B ik 280 105 1) SR B2 4847, N IRIR U 23 B 5
FHlp R —E i S

5. &g

AR TR T T APACHE I F43 . FLEZ (lactate) Fl 414 £ (1 & (fibrinogen) IO 6 & TR, 5 7E VP
A L AE PRI P70 A6 2 T 7 T A e RSO e 2 i AR R AE(ROC) b 2 0 iz AT 047, AR
ANZAEIAE X 7 AR B IR S L) 7 Tl By RAF I RRE . #E— 2R H] Delong Kl 4t =087 4R 4L
(NRNFIZR G 150 5 T A (IDDBEAT VA, 25 R R 7m R A AR A J00 2 e S 22 A0 T % B —Fia b WSR2k
I HT(DCA)BE— PR W, 2R AR Bl R R 5 v LA ZE S0, T i PR S Bl SR A 2 25 (1 AL
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PRI, ASHEAAAAE € RRRE. B, HRRIRT kG, HARAR, RSB ha R RE 2
SMAR SR I RIRHR IS s HK,  SRZ S AMRINRAE, BRIz AR A Rt — P I . 4RI
TR RSB P IS PN EL,  ARSRIF SN BUN TIF R 2 Hhle . KEEARR IR Y, JFit— P LA
PLasA 2 5%, B KIEWHIE. SRR AR A2 M 25 B A%, DL 5E S 0 ) TN SR o

B oW

VR BL0 R BT A D ASBE TR DR A NFIHILAS o A 2 A i 1] i /N S5 R B LA B R g o, TR
WPERIEFETT ] i R RE A SR LA AR 1 o B 7 45 T I 5 5246

A B

AHIE TN [EEE AT 7T, R WSR3k BN RAR B BB R B S0 B 26 LV O BR e #E 25 b 2> v it
(fLHES: 2024KYLL158).
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