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Abstract

Objective: Sepsis-induced cardiomyopathy (SIC) is a critical organ dysfunction phenotype in sepsis,
closely associated with adverse outcomes. Patients with sepsis and pre-existing diabetes present a
more complex metabolic-inflammatory milieu, making early identification of SIC crucial for risk strat-
ification and therapeutic decision-making. Based on the MIMIC-IV v2.2 database, this study aimed
to develop and validate a clinical prediction model for SIC occurrence in septic patients with diabe-
tes, presented in the form of a nomogram. Methods: This retrospective cohort study included patients
with sepsis, severe sepsis, or septic shock admitted to the intensive care unit (ICU) of Beth Israel Dea-
coness Medical Center (BIDMC) between 2008 and 2019. Adult patients with pre-existing diabetes,
admitted to the ICU for the first time with an ICU stay 21 day, were enrolled. Exclusion criteria were:
1) discharge diagnosis of any other cardiac disease/cardiomyopathy; 2) age < 18 years; 3) absence
of echocardiographic examination. SIC was defined as meeting sepsis-related diagnostic criteria along
with left ventricular systolic dysfunction (LVEF < 50%, or unreported LVEF with echocardiography
indicating “global left ventricular hypokinesis/systolic dysfunction”), while patients with pre-exist-
ing or concurrent cardiac diseases were excluded via ICD-9/ICD-10 codes. Candidate predictors in-
cluded demographic characteristics, vital signs, laboratory tests, comorbidities, and supportive
treatments within the first 24 hours after ICU admission. Continuous variables were Winsorized at
the 1st~99th percentiles and then Z-score standardized using the training-set parameters; categor-
ical variables were converted into dummy variables. The dataset was randomly split into a training
setand an internal validation set at a 7:3 ratio. Predictor selection was performed using 10-fold cross-
validated LASSO, followed by multivariable logistic regression based on the selected predictors, and
a nomogram was constructed. Discrimination was assessed using the area under the receiver oper-
ating characteristic curve (AUC)/C-index, and calibration was evaluated using calibration curves
and the Brier score. External validation was conducted in an independent cohort. To correct for opti-
mism in apparent performance due to overfitting, internal validation was additionally performed us-
ing bootstrap optimism correction (B = 300). Results: A total of 2844 ICU patients with sepsis and
concomitant diabetes were included. The mean age was 69.3 * 12.6 years, 57.7% were male, and
the incidence of sepsis-induced cardiomyopathy (SIC) was 28.8%. The cohort was split into a train-
ing set (n = 1990; event rate 28.8%) and an internal validation set (n = 854; event rate 28.8%). LASSO
ultimately selected 24 predictors (including sofa_score, weight, sbp, mbp, resp_rate, temperature,
spo2, chloride, potassium, creatinine, platelet, hemoglobin, lactate, po2, pco2, congestive_heart _fail-
ure, peripheral_vascular_disease, chronic_pulmonary_disease, mild_liver_disease, apsiii, gcs, venti-
lator_hours, and gender_male), based on which a logistic regression model was developed. The model
showed good discrimination with an AUC of 0.743 in the training set and 0.724 in the internal vali-
dation set; the Brier scores were 0.173 and 0.179, respectively. After bootstrap optimism correction
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(B = 300), the optimism in apparent training performance was small: the AUC was corrected from
0.723 to 0.719, and the Brier score from 0.178 to 0.179; the calibration intercept was —-0.019 and
the calibration slope was 0.978. Conclusions: The LASSO-Logistic prediction model developed in this
study, based on the large-scale standardized critical care database MIMIC-1V v2.2 for predicting the
risk of SIC in septic patients with diabetes mellitus, demonstrated satisfactory discrimination and
predictive performance during rigorous internal cross-validation. Furthermore, its visualized nom-
ogram can significantly assist frontline physicians in rapidly and accurately screening high-risk pa-
tients at an early stage.
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FRBFAESE ICU i WG B LR G —, HARFUABGE R A virs 3 RN, i S 8ok 7 128
B T e B A =i AL [1]-[3] 0 SR I AE R BRAE 1270 SRS AW 5838, (H L I R S B AR ATy T I 55235 1) S
s B MR G IR U s B MV PEAR 5 . MR 2% B I B 2 88 B R AR B R 22 R EK[L] [3]. TE
X fEd, O RGBS AE R (RO IRTT, R R 5 B ROAE - g - AR R AL A 1 AR
HZ—[4]-[6]. BREREIAE A OThRESZ RIEAD WL, ArRICAOHEE N XSS IR TS24 R
RANEE . FUEREFELTH i UL S S SR AS I 25 [4)-[6] 0 BREAEREFCHRIR, O ThREMRS i & AL 5 e S E R 3 O
ARG E S WIOE S TR B EARAIT (A I8 L& 1ICU {E B [ IE K 2R 2 IR G, e 4 nT BERS A J
HAT S5 [4]-[6].

Jie #5400 197 (Sepsis-Induced Cardiomyopathy, SIC) & kB REFH KOOI RERRIS I E B R M 2 —, &
WARFAEELFE SRR AT E BGH A0 R A A U AR D e T B (1 LVEF FRAIR) S O liE 3l i LA
O INRE AR [5]-[7]. 28T, SIC IR AAELERRAR : — 7T, S 153 H (L VER) 554% G b5 52 1 F4ar
J St RS2 s B R, BRERE R AL TR S RAS, BRI & R RETCVE MR R B S0 L
Wi fe 11[61-[8]: 53—J7TH, A OLAEREE A M. ANV SEIESR ZS, 7RG pRIE PR A -5
TR ZE[6]-[8] B4, SIC 15 BEA: oIk il 05 10 4 70 TR IR A, U R AE 2 4F B B G 2 Mg i ICU
NBEF, W fEHERR o 1B TR IR . O WU SRR AR 5 HER e HIRERRE IS R 0 AL
INRERERS” XTI T BT 5 AR N F 24 B = 2R [5]-[7]. [RIbk, R —N3EF 5 PR A B 10 XU P
TR, A TE A2 IR 5 R L PR, R R fE B IR SIC s liaies.

R PRV 2 R BERE A3 LAt 2 —,  HARHAARU 3 3 508 1 R IRAS vl 2 80 e Dh R Rt |
IO A HEVE 3240 AU LI iR A S 3 I S R 458 R AT [9]-[11] o b dd e ] R AR R o £ 7 g 5 ik
RE SR B Gy R AL O — 7T, R IR S SRR Th Ak A% T I TT RE I 55O UG 20 S5 R HE VE (1 it
%y B, FENRARWIEREL. S BE 5 ) LA T e 2 B S mT e n =L O Y URE SRS AR BEA AR, BT
OINREBAC KRS . Bk, A R R 0 Ik 350 28 2 T RE A R SIC MREIR m fE A, R A BEEE 2 v fif
B ATHET R TN A B R IR, T TR RE A s R AR . R DR S A
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iSRS, FERBL RS 7 B S ARG FE3] [12]-[15]

WA KT SIC A 2 E IR — A Wbs EV(WINAES & . BNP/NT-proBNP %5) 5 A7) i 6 K 25 4>
Mr, BARNERFRERIRAL TR, (AAETINS R AR B8 IR —8 =z RGERLS ™%
OAUESEAN 4] [8] [16]. JLHRAE “&IHHERM MR ERE AR X—FrE GRS = T, nvEH. PR H
LT U B -5 B ARG T T B AT AR X R = [12]-[15] % T, AWTFEEE T ICU ANRHE T 24 /Nfa]
SRAFIHEAG RS S, R IR A7 32505 38 DG B T R, A g Bk 2 M o JUL8 LB TN ASE Y, DA 28
Kl (nomogram) & st AT rIAAG 2B, SAIE IR BN i fE R L ARk B DU S T R s SR A AR, (R
Ay J 4 A5 96 I 5 B 25 B 37 29 5 FE A [12]-[15]

2. AEREHE
2.1, BIRFKIR

BRI T MIMIC-IV v2.2 3 % (BIDMC, 2008~2019 4F), ##E % C 22 hriRAk o AT 58 [al i it
F[17] [18]-

2.2. INFRE

1) 2008~2019 4 H [H] 45 12 Wty ik 2 90 /7™ B R B SO AR AR 5 TR AT 1ICU 1) I8 PR B8
2) HIRAE ICU H ICU 58>1 XK.

2.3. HERRRIfE

1) HHBEIZ W A AT A FAth o 5 SO AU (0 SR S K R G AE T2 BRI . T ELO R L O
ﬁ\mﬂﬁﬁuﬁf\%ﬁﬁuﬁf\ﬂ&ﬁM%T\MMR\L ﬁUW%A,U&%r@ﬂWWW%
JIIVISRT G RV IRTSE

2) Ft <18 %

3) RHATH A LRI EE

2.4.SICRENX

1) AR5 H Bei2 W G475 Ik #hE/ 7™ B REEE L AR e

2) KEEIWEThRERS: LVEF < 50%, 5% LVEF TGl &5 (H# S LR 4 8 A Kis sh AN 14 Jm 7 = 4
%%%ﬁ

3) ifid ICD-9/ICD-10 LAY ik th Be 12 i 10 o I 2
25 TERESHEE

B TN R PR SE 2 ICU ANBHETT 24 h Af3R45 2, B4E([12]-[15]:

1) N PG FERs . AR ES

2) WtET™EREE: SOFA. APSIII. GCS;

3) A:ArfRfE: SBP. MBP. WRWLAT%. A, SpO, %k,

4) SR FAERR: FLER. MAEE. M/MR. WME. UEF. SIAkiT<(PaOz. PaCO,)%:
5) AIFRE: FEIMMECIE. AMEMER . SRR R T A

6) VRITAHIG: Hlbhod < K5

4 JRAs BN EF_flag (SIC = 1).
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1) BRRAE: HT@EMIESTES R B RS — MM e mbs )G, R A\ AR &
R R O AN T ISR A (A A

2) Wl SR EPEAT 1%~99% Winsorize.

3) brifEfl: XL BN EIIE St 22T Z-score;  AMBIRUE AT R I ZREE S 4L

4) AZEgmhY: YRR 0 KM & (gender_male).

(F: FARAERAZ R H LE T AT 5 S B0 2 7o IR AT AN A 2B T sgmm, b
FEAMR R S S IR 45 S R XUz [12]-[15]. )

2.7. EBHESNIBIEIE

K AR 7:3 BENL T N IZREE(n = 1990)5 AR (n = 854). 7EIIZRAEH A LASSO (10 4752 X
UAIF) e A B [14] [15]; K NIEAE BN Z K 2 Logistic [0 8237 fe &R, 2241 51 28 - (nomogram) i
TR IR 5% B H

il T DR AR IR R AR BRI AR E I, SR LASSO Logistic [H]H AT AR ik R, HARTE
e FEIZREHE4T B = 500 X bootstrap HAliFE, 44 bootstrap FEA AT 10 #758 IR IE ) LASSO
Logistic [ 9#f & &1 24, EH A.1se X R B . ICRFIGER T REAET L E, JFitEENE
BINBIZR, AR >0.70 FAREE O “FETNET” , FT a2 i,

IR e TN N PRI 24 EEHA £ 5 Logistic [HIABEAL, HriBIE A%, HfE L (OR)
& 95% & {5 X 1] .

PR S0 8 TAE SR FH 9 o R SR G <

1) MSZMHASEIRUE: RN PP AR ) ) SR AEVERE . I RE 7T L. ROC #iZk FIAR(AUC, %%
W C-index)3RoR: AZHERE Sy LA i i 42 A0 Brier 20 200P A5

2) Bootstrap optimism 1% IE(B = 300): AR IEIZREER M RE AT BEAAE I & Rt , 7EUIZRER
H3EAT 300 YA TR bootstrap FE AL, EIK bootstrap % AH FIFE AL A X E B8l & Logistic [A[FFEAL, 4
5l TH% (a) bootstrap FfA LR 5 (D) TE SR AR VIZREE LRIVERE: W3 22 (H i SONAR IR M £ (optimism) .
U&7k optimism BIS5E,  FEMUIZREE R WA RE rh 41165745 21 optimism-corrected f¥] AUC. Brier 73 1% ifE

SRR SRR ).
3) WAL SRR : 2RI, FEEAE R3S, bR A Y st 28 4 M7 (DCA) .
3. &R

3.1. MRIIRTFEERLER

AN 2844 il TR R BB FRIE ICU 4 b SIC (EF_flag = 1) 819 #1(28.8%) . IIZ54E 1990
i, WA 854 F(1A 1).

ST T AS 1) S AR R 69.3 + 12,6 &, Hidh IR GRS LU, 9 57.7%. EE VRS
FLLRIRAE K HAETE SIC 415 SIC 42 [A) () 22 S o & R VE L2 1

TEAT 2844 B, REAE SIC IEEH 2025 N, (LA 71.20%, ik SIC HIEHF 819 A,
L6 28.80%. Siil iR BN, WALRFHTENFR} 24 /N AR R oA B BrRbritk ik b
(INR). #7375 FEAS B (APTT) MyESE TR . IS FIRB. MR RE. MIEUUE . P24 i
ERARE., MAEASE. DA EMETE b, DURTEERI R &7 A8 B R 18 b
FIN %0 P JFE R0 B o 77 B P 928 S5 SLARFAIE b, FLAHL ) 22 S 3 HAR S ih 2% 5 (P < 0.05).
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&

TR BB UMOE GRS B I ARG T (CRRT)AE 7 1, P 2HL [A] A 22 S R L S8 25 IO G o2 1 (P >

0.05).

FRAE 2 AR HE L BRI % 5
(n = 22,194)

HEBR: a B2 W o A (e FAd L A A L
CINEEE AR ZR S AE S ABVE O DI RERRIG . 7™ FI B |
FEFOARE RO L RO S RO I
SR s N 1672 N7 W S S
LUK I B4 S B PRI/ P o L 55
b.AEl < 184 ; c R THA LA K &

y

BTN R (n = 2844)

SIC 81913 TESIC 20254
(28.8%) (71.2%)

.

Sty b

Figure 1. Diagram of the study population screening process
E 1. R RIFERIZE

Table 1. Baseline characteristics and difference analysis

* 1 BB ESERMSH

e it % sIc 41 sic 41 .
R (n = 2844) (n = 2025) (n = 819) Griti P
IR, 92.98 93.14 92.22 _
M (Q1, Q3) (77.40,109.49)  (77.40,110.00)  (77.90, 108.25) 2=-047 0.636
L, 85.00 85.00 85.00 _
M (Q1, Q3) (74.00,100.00)  (74.00,100.00)  (75.00, 99.50) 2=-0.13 0.897
W4 s 120.00 121.00 116.00 _
M (Q1, Q3) (104.00,137.00)  (106.00, 139.00) (10150, 13350) 2~ *92 <0.001
PR, 78.00 78.00 77.00 Z——170 0,088
M (Q, Qs) (68.00,89.00)  (68.00,90.00)  (67.00, 88.50) : :
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IR, 18.00 18.00 18.00 _
M (Q1, Q3) (15.00,22.00)  (15.00,23.00)  (15.00, 22.00) 2=-0.53 0.594
AR 36.72 36.72 36.67 _
M (Q1, Q3) (36.33,37.11)  (36.33,37.11) (3633, 37.00) 2="227 0.023
4R RS 99.00 99.00 99.00 131 0.9
M (Q1, Q3) (96.00,100.00)  (95.00, 100.00)  (96.00, 100.00) : :
FrbmiEAG LA, 1.30 1.30 1.40 o
M (Q1, Q3) (1.20, 1.60) (1.20, 1.60) (1.20, 1.70) Z=-348 <0.001
P8 73 ok AL 5 TN 1] 31.30 31.20 31.60 Z——196 0.049
M (Q1, Q3) (27.50,38.80)  (27.30,38.70)  (28.00, 39.55) : :
HET, 105.00 105.00 104.00 _
M (Q1, Q3) (100.00, 109.00)  (100.00, 109.00)  (99.00, 108.00) 2=-3.94 <0.001
157 1| B 14.00 14.00 15.00 Z=-316 0.002
M (Q1, Q3) (12.00, 18.00) (12.00, 17.00) (12.00, 18.00) : '
(ST 8.30 8.30 8.30 _
M (Q1, Q3) (7.80, 8.80) (7.80, 8.80) (7.90, 8.80) Z=-1L10 0.271
I JRER A 26.00 25.00 29.00 _
M (Q1, Q3) (17.00,4400)  (16.00,41.00)  (19.00, 50.00) 2=75.28 <0.001
HET, 4.20 4.20 4.30 _
M (Q1, Q3) (3.80, 4.80) (3.80, 4.70) (3.90, 4.80) Z="145 0.147
WET 139.00 139.00 138.00 =139 0165
M (Q1, Q3) (136.00, 141.00)  (136.00, 141.00)  (135.00, 141.00) : :
T B 146.00 146.00 147.00 7 = —0.40 0,689
M (Q1. Q3) (113.00,201.00)  (113.00, 201.00)  (113.00, 200.00) : :
UL, 1.20 1.20 1.40 -
M (Q1, Q3) (0.90, 2.10) (0.80, 2.00) (0.95, 2.40) 2=7553 <0.001
EEL 11.30 11.20 11.80 _
M (Q1, Q3) (8.00, 15.70) (8.00, 15.60) (8.10, 16.40) Z=-125 0.213
RSl
‘ 32.70 32.80 32.60 -
2T 8 FIR (3150, 33.80)  (31.60,33.90)  (31.30, 33.65) 2=-276 0.006
M (Q1, Qs)
LT, 3.35 3.34 3.38 _
M (Q1, Q3) (2.91, 3.86) (2.89, 3.86) (2.97,3.87) 2=-1.69 0.090
LR Tag 179.00 176.00 182.19 Z——165 0,099
M (Q1, Q3) (129.00, 243.00)  (126.00, 244.00)  (134.00, 240.00) : :
SR SEAR
JI[?ZIZE éﬁﬂj@ 29.80 29.80 29.70 =01 0,835
AL, (28.10,31.30)  (28.10,31.30)  (28.10, 31.30) : :
M (Q1, Q3)
M EH, 9.90 9.80 10.00 o
M (Q1, Q3) (8.60, 11.30) (8.50, 11.30) (8.70, 11.30) 2=-198 0.048
A ) 30.20 30.00 30.60 o
M (Q1, Q3) (26.30,34.60)  (26.10,34.50)  (27.10, 34.80) 2=72.60 0.009
LR, 1.90 1.90 1.94 _
M (Q1, Q3) (1.30, 2.90) (1.28, 2.87) (130, 3.02) Z=-127 0.203
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HHIE, 12551 125.00 129.00 e om 0art
M (Q1 Qs) (65.00, 282.00)  (66.00,279.00)  (61.00, 295.00) : :
TR IR, 42.00 42.00 42.00 o
M (Q1, Q3) (36.00,40.00)  (36.00,49.00)  (36.62, 49.00) 2=-0.64 0.522
Ph {t, 7.37 7.37 7.37 o
M (Q1, Q) (7.31, 7.42) (7.31, 7.42) (7.31, 7.42) 2=-0.62 0.538
g 4% 0.00 0.00 0.00 _
M (Q1, Q3) (~3.00, 2.00) (~3.00, 2.00) (-3.00, 2.00) 2=-155 0.121
PEA, N (%) 72=49.24 <0.001
F 1204 (42.33) 941 (46.47) 263 (32.11)
M 1640 (57.67) 1084 (53.53) 556 (67.89)
S R I A ”_
n (%) 2= 17.46 <0.001
0 2451 (86.18) 1780 (87.90) 671 (81.93)
1 393 (13.82) 245 (12.10) 148 (18.07)
i 12 76 _
o) =237 0.124
0 2445 (85.97) 1728 (85.33) 717 (87.55)
1 399 (14.03) 297 (14.67) 102 (12.45)
i M i S50 97 _
o =386 0.049
0 1916 (67.37) 1342 (66.27) 574 (70.09)
1 928 (32.63) 683 (33.73) 245 (29.91)
R 50 _
o) £ =001 0.908
0 2752 (96.77) 1959 (96.74) 793 (96.83)
1 92 (3.23) 66 (3.26) 26 (3.17)
B R _
ow 2 =18.84 <0.001
0 2447 (86.04) 1706 (84.25) 741 (90.48)
1 397 (13.96) 319 (15.75) 78 (9.52)
B AEZ . n (%) 42 =20.57 <0.001
0 1778 (62.52) 1319 (65.14) 459 (56.04)
1 1066 (37.48) 706 (34.86) 360 (43.96)
7 B I AR ”_
ow 2=2611 <0.001
0 2663 (93.64) 1866 (92.15) 797 (97.31)
1 181 (6.36) 159 (7.85) 22 (2.69)
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It
h=y
o
&

5%
Fe T FH RPN, 2=

n (%) x* =214 0.143
0 287 (10.09) 215 (10.62) 72 (8.79)
1 2557 (89.91) 1810 (89.38) 747 (91.21)

Fe 5l I SE
B R ARTT 72=0.88 0.347

n (%)
0 2642 (92.90) 1887 (93.19) 755 (92.19)
1 202 (7.10) 138 (6.81) 64 (7.81)

Z: Mann-Whitney Z: Mann-Whitney Z: Mann-Whitney Z: Mann-Whitney Z: Mann-Whitney Z: Mann-Whitney
2 RIS 2 RIS 2 RIS 2 RIS 2 RIS 2 R
M: H{7 3L M: HALEL, M: i3, M: i3, M: %L, M: fArEL,

Qu: Qu: Qu: Qu: Qu: Qu:

U EL, ol I A SR 11X - SRR Pl 5 A SR - 11 B/ X - SR il IS A &
Qs: FH=U A3 Qs H=PU/MIELQa: =Y/ A% Qa: B =DU A%k Qs: B =D Ai %k Qs: S =PUp %k

3.2. LASSO ZE iS5 HREHRIEEHE

AW TR S A 10 H7 28 XRHIE A e NS 4 5 3% B 5T (LASSO) Rl VA 43 A 77 32:, K e uife e T
RIIETIZH A, DA T SR I PR AR 5 1) v R85 A 7R 4 P PG 0 PRAIR[19] [20] o AR 58 SCHGHIE 7™~
AR ZE MR, TERAL 2 0T N R IE AR E T, ASHIF 7L H 24 AN HAT 38 TUNAN 15 i % 38 IR 7
TR NN G SE M IE B, 70 08: SOFA 1¥5r. #RHE . Wi (SBP). ~“F-¥33))ik & (MBP/MAP).
WP . ORI . A LA (SpO2) . B 1 FIRS1 MULEF. /MR8, 40 FRE
MALER . ZHAKE S (PaOy) Bhlik &Mk /3 K (PaCOy) VAR A FEFe MO 115508 . AN I s 18
PRGBGSR BTG« APS LI PE43 k&7 aF Bk PE 43 (GCS) MLbkad S Ar S (/i) B iz vl (55
). BEJG, B BiR 24 MO EIETETEEMANZFE Logistic [FIESHTA RS, BRI E T T
SIC R e AR AL, FELAE it 1 BRI PR IR 5518 F ISR I I S i 1 B (1 4 T Pk R v A% [12]-
[15] [21] [22].

2 VERJE/R THEAF IEMLREE () BEE T, SN TR 6 B 515 R 50 2h AU s S A0, i
—II R B S TR S A B A AR AR, AR AN B AR B TG PR S R AR DTk 77 1)
YEFHBREE o 4] 3 WL 7 E— Rk A BUETE R A, @48 XA ikis 543 2] (1) — 1w % (binomial deviance)
Je FARAE R ZE RS . B ARIC B 2% R 42 2 AR 1 A_min (EP Re AR AL A SIGIF 1 2215 BB /INET A
BUE) S 2_1se (RITES/IMREZERMER] 1 AMFrdEiR S VEE Bl BT BRI R 2 BUE), @B, ®H
JE BRRERAF— A HONMEL . Guih AR (g s o B SE R Tl AN B A PRI A Y [14] [15].

I LASSO [RIAHID ik H ik B s il — DN ANARHERI 2 [ R Logistic [RIVA5HriEZEH, L
SIC MR RAERB LG RERE, RAECH 1, RRECH OEANER, MET —A 35 R R TR
55 N FH P 0 RS T L o AR T AR HE RIS B LR (logit) BEBZ R EL, RGUHTH T TN AR
a1 R A AE . AR SA L (OR) S e 950% B A5 X [H],  FF MM AR 4l FL I R S b S5 Gt 2 1o 3 Pk
1T TIRNfER: . N T OISR i AR Bt TP Re 71 SAESEbR TAE R AT AT, ERf e R B, A
I FE o2 5 T P G RS, AR SR T %R S I AR B AR B b ) e R R L 5 3R
XSRS R T G AR, 5RO RLEAS [F I PR AL () HE) R J[12]-[15] -
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Figure 2. LASSO coefficient path plot
2. LASSO Z¥ 12 E
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= lambda.min
g8 ~ T lambda.lse
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g4 H
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Figure 3. LASSO cross-validation error curve (CV plot)
3. LASSO Rz X WiFiRZERZZ(CV plot)

TERR DA EVARAL S, A FUt— 0 2 2% R BCA R A o BV 31 26 €] (nomogram),  BASEE
6 LT PR 55 1) PR T AR A XU PP o 1) 4 1T G b K A Y o 3% DR 7 14D [0 VA 22 500 42 LA 2 48 R BV
PPy (points), MG T —ANG—. SIS EAR: BRI R & T AR 7EA N Z1 & st
0154y, KB 154 BnTH B B35 1) A4 (Total Points), /i 1 B AR 5 2= 5 JeS 30 A TiOm sk e 20 i R L,
R AT A5 1% 8 3 k2B SIC BIMARE UG RE R o 3 b m] #0608 775 B R 2 AR [ A ot SIC KU
(IR DTRRACEE, B R 17 I IR I8 T R 15U S B A s R 6 AT A oy J2 i L

MG PRSZ e SR, %A 08 PRI (1) ik EE 2 St 11 SIC U3 5 R 40 2 B A T B AR iy
fE: BEPRWE B E KIAAE R SR DI RE 3R TL . | IZ M 8 3 A DA S S 4 R AR S 6 S R RtbIR v, R S 1E
JHR B A= N 32 25 ) 4 By ) Bk IS A R R AT, (ISl AR A ke D R e L D) i A A 4 £
A EEL R . FET AR SO R TN AL S B2 ], I PRER AR e A 3 AT ICU AR LAY B,
AAHR 605 T 2 BRI I R IEAAE B S5 A ER AR bR, {5 A 58 B b FE IR AN A0 U Tty , AT 7 LA o
gz MRBH 75T TR S A B fes 2 e 7 B R e B 25 77 TH B AL A AR S RF

Kl 4 BT R4 2 E Logistic AR, IR 4y SINSREINANMA SIC A A MRS (1 B T,
A] T PR 55 PRt KBS VA 5 73 J= 4 B [12]-[15] -
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Point 0 10 20 30 40 50 60 70 80 90 100
oints i A " A A A ) h A L )

3 7
sofa_score
weight %rrrng'rrnlg
sbp 170 110 60
mbp 190 180 170 160 150 140 130 120 110 100 90 80 70
resp_rate 40 50 60 70 80 9 100 110 120 130 140
temperature 4.0 T 39 .20. .10, —T T
spo2 39.5 .38'.5 ’375‘ 3.6‘5. 35.‘5 .34‘.5
chloride 82 86 90 94 98
potassium 1%2 110 100 90 85
creatinine 7n'|'|'n'rrrn
platelet ? 4. 8. — T T
hemoglobin 0_50 150 250 350 450
lactate 6 7 8 9 11 13 15
po2 0 2 4 6 8
pco2 -50 50 150 250 350 450
1
congestive_heart_failure 9.5 40 1 .
peripheral_vascular_disease 9—‘ 0
chronic_pulmonary_disease 9 1 0
mild_liver_disease 1 !
gcs 10 30 50 70 90 120
ventilator_hours ? .6. .9. .12. 1.5. T
gender_male 700 550 400 250 100 O ?
Total Points 2 . ; . ; . . . . . ; . \
Linear Predictor 0 50 100 150 200 250 300 350 400 450 500 550 600
P(EF_flag=1) 45 4 35 3 25 2 15 1 05 0 05 1 15
- 005 0.1 02 03 0.5 0.7 08

Figure 4. Diagnostic nomogram for SIC in septic patients with diabetes mellitus

4. EFPERFIREIERE SIC SHIILE

WS, TENZREEE0E P07 7 =R (Y Bootstrap FaE A8 S A AR P (G AT B = 500 YA kAT
FE)o A IE AR B AE S ST Al Th B BRI AR I L VE L 2. I NIBAZR K ) 2 R WE N 0.70 J&,
SRR 7 A ERRE LA R R A T Jy s . PR (T ) W K i S v A
B MELER AR AT AT R R R B BL AT Rk

Table 2. Selection frequencies of stable predictors by bootstrap

5% 2. Bootstrap F2 EIEFENIEINE

variable selected_times freq
congestive_heart_failure 443 0.886
gender_male 443 0.886
shp 442 0.884
spo2 401 0.802
hemoglobin 398 0.796
chronic_pulmonary_disease 377 0.754
mbp 367 0.734
lactate 343 0.686
sofa_score 306 0.612
temperature 300 0.600
po2 299 0.598
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platelet 295 0.590
weight 291 0.582
mild_liver_disease 272 0.544
creatinine 248 0.496
pco2 239 0.478
ventilator_hours 234 0.468
resp_rate 229 0.458

gcs 228 0.456

apsiii 220 0.440

e R EBEANIESER >0.70.

PRAFIX T A% AL B, BB A R T — MK T = A1 2 IR 2 Logistic 513458 (4 44 4 Model_stable) .
SINT IR, BEAEAEAE T8 I O FT RE B S AR A B Z ) SIC 15 & XU [K 3 (OR = 4.55, 95% Cl: 3.64~5.70,
P <0.001), 551N [RIFE 5 5 im0 Ao XU I 2 AH DG (OR = 1.91, P < 0.001) . %5 i FIWAL 4 R /K ~F- 5 XU e
K EIAHE(OR = 0.65, P < 0.001), T i T~ 44 30 ik & U 5 RS 34 i AH < (OR = 1.34, P < 0.001)., 14+,
ok P8 I A2 RN BE b T v 5 U 1 i AH 56 (OR = 1.17, P = 0.004), & FF M8kt mm S it s Hok 4 SIc
FRY RIS S T AN B (OR = 0.64, P < 0.001); I 412K FIRFEAE SR vt 5= bRk i3 (OR = 1.10, P = 0.086).

BT 7 AR N 7, 22 7L B TIPS A AR (¥ R AL AR 51 2R 1 (2 5)

0 10 20 30 40 50 60 70 80 90 100
POIntS L 1 1 1 1 1 1 1 1 1 ]
) ) 1
congestive_heart_failure T !
0
1
gender_male r !
0
sbp T T T T T T T T T T T 1
3 25 2 1.5 1 0.5 0 -0.5 -1 -1.5 -2 -2.5
spo2 T
-4 -3 -2 -1 0 1
hemogk)bin [ e e e e e e e |
2 -1 0 1 2 3
chronic_pulmonary_disease —_—
1
mbp T
-2 -15 -1 -05 0 0.5 1 1.5 2 25 3 35
Total Points r T T T

T T 1
0 50 100 150 200 250 300

Linear Predictor T T T T T T T T T T |
-35 -3 =25 -2 -15 -1 -0.5 0 05 1 15
Predicted risk of SIC (ef_flag=1) r T T T T T 1
0.05 0.1 0.2 03 04 05 06

Figure 5. Nomogram of the stable model (7 variables)
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3.3. RN EMNEES TG
PR S GE 7@ ROC 2k fz AUC BTV . 45 R B, T ALAE I ZhSE8E LR AUC 8
ILE]T 0.744 (95% Cl: 0.720~0.767), WIBIGUEEE 1-ff) AUC {54 0.724 (95% CI: 0.687~0.761), #nHH
e A5 L 1) RAF IR PR IX 7368 77, HI A& SR (L ] 6) o ML TR0 E fff 112 (R E )i Brier 773 ¢
W26 PPt . I ZR4E Brier 19904 0.173, WEPKGESE N 0.179, kM2 Bk KIGHIAR 45° 5848, %
BF A TR 4t T AE 6 5 TSI RO 2R AR R T AR v i — B (L ] 7) k4 Y ouden 48 0 KAk SR (23],
Y GREE e 52 1) B A HI T BR(E 0.304 (FEUBSSE 0.665, 4557 F 0.724), % BB A NIE H T 7E IR A HEAT &
fa B X EE” VIIH - W 1 R o SR i 28 4 BT (DCA) 45 S 7R, 7E 0.05 %2 0.50 (R 5%~50%)
M) Z R R B X B N, B0 B ) R SR i R R B v T AT B AT AR R 2R
HEME, UFSE T SRR AR I R R 1 3R a3 A E (L 1] 8).
ROC curves
Train AUC = 0.743; Test AUC =0.724
1.00-

0.75-
>
‘§ set
§ 0.50- — Test
A ~— Train
0.25-
0.00-

000 025 050 075  1.00
1-Specificity

Figure 6. ROC curves of the training set and internal validation set

6. NEHERAEMINE ROC fhLk

Calibration curves (deciles)
Brier_train=10.173 | Brier_valid =0.179

100% E
2 75%
5
2 50%] -o-Train
g7 -+ Validation
>
g
3 25%

0%

0%  25% 50% 75%  100%
Mean predicted probability

Figure 7. Calibration curves

B 7. BofErZ
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Figure 8. Decision curve analysis

B 8. RERHL

B X e A A (Model_stable),  FCAE 191 ER A Sz il A H (R 22 R 1 2 B T [X 43 BE (AUC = 0.730, 95% CI
0.692~0.768)-5 MK 1 T i 2= (Brier = 0.177) (VLK 9) o Bk 1A 504145 HH IR AR B AR/ 0.016, A
RHEIR 1.007 (WL E] 10). 75 Bootstrap filitH 5 R ML RERL IE A, BLAYF35) SRoUL BEAR R 55, B2 IE 5 33 AUC
A% 0.719, FEHEMEEAE S N—0.019, B MGTTHAfatdtE (UL 11). 75550 24 R AT L
o, R R E AR R (I 7 AR B /R R M BUMERE I BB (O RTE , Fra BBl H 6 i ME R A v S 5 it
PE(FE LR 3~5).

ROC - Test
2 ]
Q|
S
2
2 S
Z <
(% (=)
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< |
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Figure 9. ROC curve of the stable model in the testing set (AUC = 0.730, 95% CI 0.692~0.768)
9. FaERBZENIKER ROC BhZ(AUC = 0.730, 95% CI 0.692~0.768)
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Figure 10. Calibration curve of the stable model in the testing set (decile grouping; calibration intercept 0.016, slope 1.007)

[ 10. FRERBAEMNRENREMZ (T2 0I54H; BAERER 0.016, FHZ 1.007)

DOI: 10.12677/acm.2026.1641739 4674 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641739

It
h=y
o
&

<

—— 7-var model
Q| All
S

——— None

0.6

0.4

Standardized Net Benefit
0.2

<
(e
0.0 0.1 02 03 0.4 05
High Risk Threshold
1:100 1:10 1:4 2:5 2:3 1:1

Cost: Benefit Ratio
Figure 11. Decision curve analysis (DCA) of the stable model in the testing set (threshold probability 0~0.50)
Bl 11. RERBENKERIRFKZDHT(DCA; BI{EBZE 0~0.50)

Table 3. Multivariable logistic regression results of the stable model (OR and 95% CI)
3. BMEERSEZE Logistic [E)3ZER(OR & 95% Cl)

term beta se OR L95 u9s P
congestive_heart_failure 1.516 0.114 4.553 3.640 5.696 3.7¢—40
gender_male 0.645 0.113 1.906 1.527 2.378 1.13e—08
sbp —0.424 0.082 0.654 0.558 0.768 2e—07
spo2 0.159 0.055 1.172 1.052 1.307 0.00401
hemoglobin 0.095 0.055 1.099 0.987 1.225 0.0856
chronic_pulmonary_disease —-0.450 0.119 0.638 0.505 0.805 0.000153
mbp 0.290 0.082 1.336 1.137 1.570 0.000418

I OR=exp(B): #HA&RCHRHEIL, ORMBEREXSRL “4&F 1 MrdEZEZL” .

Table 4. Summary of internal validation and corrected performance of the stable model
4. RERBEABEIESRERMRELR

HiEse AUC (95% CI) Brier KR R} A
WIGRER (M) 0.723 (0.698~0.748) 0.178 0.000 1.000
MAAEE 0.730 (0.692~0.768) 0.177 0.016 1.007
WAL CFMERIE)T) 0.719 0.179 -0.019 0.978

Table 5. Performance comparison between the original model and the stable model (internal validation)
F 5. [RIRBY vs FREIEBY (M ERIEIE) M REXTEL

#5500 A UIZAUC o o Wk AuC e MIZRAUC YIZE Brier
i B (95% CI) JI1%%: Brier (95% C1) TR, Brier (R iE ) (K IE )
" 0.743 0.724
F - -
Jii LASSO i #! 24 (0.720~0.767) 0.173 (0.700~0.748) 0.179
e 0.723 0.730
(7 25 5) 7 (0.698-0.748) 0.178 (0.692~0.768) 0.177 0.719 0.179
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4. W1ig

ARHEFIET MIMIC-I1V v2.2 348 PE R ST 1 & FF0E PRV IR R EEAE 5385 I 28 o L3 (S1C) IR Tt 85 784
[12] [13]. K LASSO #HATAR & i1k J5 # @ 2 [N & Logistic [B10H, I LLAZE I 2 s B ] fitBedb S 3 [14]
[15] [17] [18]. WNi5e k25 AR s B AL 2 A 45 52 R 310 X 73 FE (W3R iE 52 AUC = 0.724 (95% CI
0.687~0.761)), #E/RTEH RKEFELA, T ICU NBHEHT 24 h HRUIGIR(E EX SIC KK 1T & &)= R
HAATHE[17] [18] [24]. 5 REA: 2 DL —Ebr S EREG B0 VE G R TR 2200 = R AR L, A T sk iR £ 4k
GREEG BRI ™ E AL (SOFA, APSIILL GCS), AN ATEIRMEICIRZAS(SBP. MBP. Sp0,. I15).
FOBHET (ALR) . IR J(MLLLEE) . PAACE IHIE A SCRA ST 355 . 1500 S IGIT 1ICU 55t
“RGRIE - PR - WOEA AT - AR E AR L F RS0 UL RERRIG LR A L], WAFE AR
PRI TSR FON “RHOPEREIR ” ) “m] vt KU T B %6748 (1977 ] [16] [20]

MEBEAERE SRS LR E, O ORI A A IR BERE AR DGO LT RERRAG 5 A RIS AEOC, LS
H . BNP/NT-proBNP /b Bl pR{GArdEAT KSR, (HIX LLARbRIEMBRIE 2 B DI fE . AEIRES . R
FEK T SR T BB R, REREE SR IR, FofE L 5 O W% 0 2 18 R YR [6]-[8] [11]
[16] [25]. ZNA i 78 LA LVEF B#M& & X SIC, 1B LVEF 7EIRFEAE & 5 i FE b i JE e i, 5 2 15k 70
RWEAN S MEETEZYIm, WM& “1IEHW LVEF 54 CULINHE] 7 58 “ 5 e o2e & 5 i it & A
B EILR6]-[8] [21] [22]. AL, F—BIBIRER — VbR S AE DA 2 B RRsE . TR
AR BT R AR, AR BRS8N ZR 5 SIC KU PR C(OR = 0.64). XA #E
5 ICU BRI 84 it (1 COPD) & 7 F AR FR I SR T S N AR <3 (VR R S B SRS A 0%, AT [ 3220k
T R R S O U BN 5K S AR T . SR, XA — R TG R ISR AR, ASHIE o I
HEBR FARTEE IR R R BIsema o a0, 1228 3 B TR 20 vl B A T ENAR BURIE ZDIRES , AR
TR ORI AT REA ] bAh, R8I ) e 245 9 (R N P 8 7 ST R Bk B 52 4
BN PTRETESE PR 10 T 4 5 SORE IRV B A% o b T 50000 P22 R RE SR ARV R (B i FH 24 52 L Th AR S
Bl , X — ORI PRI G AR DIAL AT 75 15 AR (0 T A PR BA B 7 e i g N B8 22 ph R Sk i LASRIE . AR
WAL PR AR R MBI 15RE . AAAEA . MR S8R SR —HELZE, N ERIIER
BF, W SZHRE 7“2 Y4eRE R AR B E A 18 SIC RS PP o M [14] [15] [17]-[20]

AR B 5 SIC Jp LA B (A AEBTE M A o0 DG 2R, AT AL 25 T3k — 20 e L 5 B A
B4, SOFA. APSIII. GCS F59F4y I 4 By JGE i far 15 2 28 B DI REPRAS AR AL, J& RGUME R AL LR
1) “LrREMRIEFRPR” o FEMEHELT RN, SRR/ IS R R Tl I 2 208 B PR O LR 4 R IR R
TR P B 45475 5 B 20 LBV VE AN Y T3 SO LAV BESZ BR s [ I 2 W A T R R iy 5 IRV ) FH B 9 A2 5 5
ATP AL, B “ReE LSO IENE ", X e FE 7 5 A bR s i 58 58 i [4]-[8]. Hk, SBP 5
MBP [F] i E A B HE R 26 PR R A S el i s (B B (AR R, fERR e B pol 82 21 iy
(1) SBP R ILALRY K 3 (OR = 0.65), 114 i1 1 MBP MIZR I KRS K (OR = 1.34) . X —FR W LA 2%
X JE SEbR BT REVR T 2 R R Rl AR S R 2R Ve S AR ELAD N . EAER R, SBP EE RO ER
=AM M) EE, 7E4EH T MBP UG T, %imifty SBP (RIFE % 1k ik 22 ) A A 3R BB A IR B
BT LS et 45, DRI AT SIC KBS AR, MBP SZ I &F 5K R 520 BE K, 7Rk EEAER
ST SR, B4l MBP [T i R R R AR K U VG M 25 (0 26 R L IR 3R) s 2 A 48 I /8 P 4 5 11
S5 o XM SR FE IR S U BN S LA M e R e AN IO UFES, By “HEoR T IR E RO
W2 it £ AN 2 o BRIE, T3 (ST S8R I IR T B R YRR T RE IR A (1 SBP)” &5« EE AL A I
JPRIER 75 259 Fil(m MBP)” TE.C LR LA R S 171[3] [6]-[8]. 28—, SpO.+ PaO,. PaCO, %ALY
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1)

X

i3

Par

A

h;

RWE A GBAIRE, HERICFE . FEPRRE /) KA O 5 DG . ARSI 5 R 35 2> B30
JULHSCAR « B9 0o 2 RIS s LRI <05 il It FEL ) i v e 3 350 O SR B s O S AR BLVE I B0,
NI 20 A0 Fe 48 5 O 4 [6]-[8] [21] [22]. Z8VY, FLERIEAA LR SRR LR &4, BRI B
TEIAFETA R, WARTRERLR R BT . WE IR0 B AR MR R AL R B 2, RSN T
B 5 AR R A 5 A REBOROR, TR LR 5 O LT RE R AS 2 1A] R DG BRI B BE Sy X 25 3] [9]-[11]. 3 A1,
278 AR A RE 11, SRS s O UL TR s i/ MRAR I 5 20 - BeIRRIBE . SO AR T 1 e Y
FEAARDG, RGN E TR EFR A . & R AL S (A ML MBI o T8 55 S ik 2% B i
H 5P 1 F VAT RE S, B PRI T 5 N B A s AR R P 2 T R s SO L, B4R Tt SIC 5
JRPE[9]-[11] ik, MERAREFAERIBMGIHALS, WaE—EfEE L2 T SIC MRS KA. G
L AR RO LR R FH O RE A%, DRI 3 X 20 B R I B AL f A B

MG R SCS N7 S A E, AERPAETAR R L m . TR ARIEm Bl ks, X+ 1cU
SEERT 5 5 SIC (R A 52 1 PR AR P W5 A B I AL S 4 3 22 57 o AT S it e 5 1l 28 43 #T (DCA)
BB T TR MR SEHNE. SREH, AIRKEAX SIC BTE T TRE % EE 5% 2
50%:Z [AJHF, AR AR AL EAT P SR Be A IR AR B ISR 3R i . TERUAIIRIE S, W —~47 ICU R4
i) F7E 35 KA SIC T AE RS 20%H 4 3 215 SR 58 O sl BIVEAL, A543 FFRAT 1R 51 26 I
BEATHI0R, MT “XATAMEEE R FMATE SRS B AR RS, RRRE TR AL
BT VIR AL . O REAE SO FE FE I o i fE B IR 2 ORI N, BB I G R 3 R (W 75 A 1 47
T o KT~ ZR AR DAk Vo0 A 2 2050 vy (e i i PR A L) ) v s I R IS O 1 B s ) P A B S 20
H VP AT A T3 5 A TR M2, G 25 i £y 5 e B ) LA T fe % 8 e 1 11 o LG 3
TG ORI RIS ISR AL ER SIS I BEA AL 5 O ThReRE YT, DOSCRE “MARE S 5 R E D
(de-resuscitation) s . thAh, ZAA AT H TR )ZE: 78 SIC HUHIHE BT Tt 7, T FAE99 N it
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