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PRSI e AR, I 5 TR B B 1) (sequential organ failure assessment, SOFA)JEAT LA, kT &MiALHI/ES
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NPV=0.99, 95% CI: 0.97 ~0.99), HifEfhZF DCA #2427 2R BAF AR E PE AN FRIE FHE . Logistic [o AR RY Y
Brier iT-4) 4 0.042, FHERIE ] 0.944, #FE 4 0.027, Hosmer-Lemeshow LA 1 BRI HE R 106G B IF(P=0.768), H. 14 fE
i 8T SOFA 7743 (DeLong £, P<<0.05). £ RBFFMEIFIIE T — I THLES 2= > W FRE Ml 2 S A0 T~ XU I R
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Development and validation of a short-term mortality risk prediction model for severe
pneumonia
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Abstract: Background Patients with severe pneumonia are in critical condition and have a high mortality rate; early
intervention in this population can significantly improve prognosis. Objective To identify risk factors for mortality in patients with
pneumonia in intensive care units, develop a predictive model for short-term mortality (death within 7 days), and apply this model in
clinical practice. Methods Clinical data on 4 247 critically ill pneumonia patients were collected from the MIMIC-IV database
(2008 — 2022). Data were randomly divided into a training set (n=3 185) and a validation set (n=1 062) in a 3:1 ratio. Five machine
learning models were constructed using features selected via LASSO regression: logistic regression, elastic net (Enet), random forest
(RF), extreme gradient boosting (XGBoost), and light gradient boosting machine (LightGBM). The optimal model was
comprehensively evaluated using receiver operating characteristic (ROC) curves, calibration curves, decision curve analysis (DCA),
sensitivity, specificity, and negative predictive value (NPV), with comparative analysis against the SOFA score. Model
interpretability was enhanced through a nomogram for individualized risk visualization, and an online web calculator was developed
to improve clinical utility. Results The final model incorporated nine key features: pH, age, blood urea nitrogen, oxygen
saturation, lactate, activated partial thromboplastin time (APTT), anticoagulant therapy, type of infection, and anti-pathogen
treatment. Among the five models, the logistic regression model demonstrated the best overall performance in the validation set
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(AUC=0.82, 95% CI: 0.77 - 0.88; NPV=0.99, 95% CI. 0.97 - 0.99), with the calibration curve and DCA confirming good stability
and clinical applicability. Logistic regression model had a Brier score of 0.042, a calibration slope of 0.944, and an intercept of
0.027; the Hosmer-Lemeshow goodness-of-fit test indicated good fit (P=0.768), and its predictive performance was significantly
superior to that of the SOFA score (DeLong test, P<<0.05). The study further deployed the final model as an online web-based
calculator for rapid assessment of short-term mortality risk in patients with severe pneumonia. Conclusion This study constructed
and validated a machine learning-based clinical predictive model for short-term mortality risk in severe pneumonia. The model
demonstrates high predictive efficacy and clinical utility, supporting early clinical decision-making and risk assessment.

Keywords: intensive care unit; pneumonia; MIMIC-IV database; machine learning; clinical prediction model
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BRYE, SR, TEJLE . B ND LRI EE T
AVRF IR TR, il S T A 2 R Ak, ey
FRENT A, L 205 I I 0 0 R S PR P I 3 5%
4 1E (acute respiratory distress syndrome, ARDS)!M,
2019 FE A pk i A BE s, AL AE il 2 e N Y
I TE R A N K2 4.8912, 3:E260 71 AFE
2R WEG i, FEAE X AR AR T 4 (community-
acquired pneumonia, CAP)H &K A 7.13/1 000 A
AF, FET-#A 12.7/10 T3P, CAP & 5 4E e 47 s
(intensive care unit, ICU)EFEME WWIRHKZ —, K
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Tl R0 A0 2 25 A Wa B OB AU B) — TR ICU
HBH A NBET 2R Y logistic 7] I HUMAR A A AUC {8
70.761 TENTRAHSCHET 2R FOM J7 17, A ZFh
WEB o 2 BRI YT e IF G0 AIE . — IGUB X6 JE il 5%
MIREFE T, XGBoost BRI AUC i5 51 0.85, H &K
BT SOFA 5501 4y R, i b — T 53
T 875 1l i BB L T logistic [n] AR 7Y T ) 4= ]
FET-, HAUCTHER0.88%, SRif, HAEM 4 40k )
WM RIS AE A T IRBR . B, 2 m T RERR
BRI A “BAE” R, g fins
By, Ha Rl s sA RN, X 1 ih
IR E AT 5 bRkl . Hk, AR EZER
FETAEBL AL R 5 28 A AL, I BRI
SRR . ARAFPET 2555 R ARG, TR X A
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(N7 d I FER) T R S e £ A g B A 1 T T AR
JE, A R T IR AR AL, Ak, BT g
LR FE R KR S R R EEATT, (HA
T A TR K 2 TR AR BRAE AR AL ST 0, R
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Hm AR A AR AL, BRI T O R AR
PEEIO SR, ARWFAE T MIMIC-TVEE 78
BLASF > HEZR R+ I 4041 TCU H5E il 46 R 34
WIBE T RS TN AR AY I3 — 25 JF R AR N 45 11
SR, DU Oh I s e R 1 B TR I R
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1 X&57FE

1.1 EHEFRIE

M 2008 — 2022 4F MIMIC-IVEE 2, $2HL
T4 247 19 28 [ PR 4325 (ICD-9/10) B i 2 W by
Jili 2 B ICU AR B JR 3 o H& /R 3+ 1 B L DKs £ 3 Bl
BRI 23 M 24 (n=3 185) FIERIE4E (n=1 062). 44
AbRifE: (DAF#R=>18 %, Hilid ICD-9/10 2 Wi Hy
i % 5 ()M RA2Wr ICD AU FRTHAL; (3)R 4
3% [ W Bl 2 2 R 36 [ R e 2 SR M AR A BN
SiE Jili RAZWrAR e, R R — T S AR (R L
B3 A 14 T WA o g J e P R o S L A0 PR 2
P AERE) B>3 TR AR E R R AT BUE 7] 322K
P45 % >30 I /min . A& 48 40<250 mmHg ., Z/fii
M9 PR 2 A >20 mg/dL . 40T 5 <4x
10°/L I/ %< 100x10°/L . 43R <36°C . ik
M T ERBAARZ 5). HEBRARIE: (1) OG5
WS AR ; QAR R AL ICU; 3)E 4R s %
PR >20%, AMIRFFEEECREM:, A —BH—IK
fEBEII B Z R A ICUALTT i — R AEBE . BF5E &
£ 5 Al 36 ] [ 57 1A 6 53 BE (National Institutes of
Health, NIH) 3% JIl 3f 38 BCAH W 35 7] A PR (ID:
13485805), HiZMt OB, 46 (MR
FHRET) 2R,
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1.2 fEHRiEE
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JE B E R AT RBCE R . (DAHE R, EIEFE%
FPER S QM IRAE, BiFLR, Wik, &F
SRR RIRAE; Q)L ELE, s
I (TRRAN /72 ol G | R N =g = BN bR A5 #fE 46 L6 (A
(international normalized ratio, INR)FIi% {k 0 53 fE
I 7% ff B 8] (activated partial thromboplastin time,
PTT)%; (4)ImIRIFESr, A4 Charlson & J-4iE 15 4L
(Charlson comorbidity index, CCI), fajfk &k H
2# 14311 (simplified acute physiology score I, SAPS
D) 1 7 37 4% B & w5 3T 1l (sequential organ failure
assessment, SOFA)IF5r; (5)AIHIE, G50 b Ei
B, MegE, i . BERG . BEPRAE . O T
P2 4 BH 2E 4 Jiti %< 9% (chronic obstructive pulmonary
disease, COPD)., NFHES . B HESME . b <5 ;
(6) T-Hls e, AIEPLIML/DIAST . POl FAARTEIT
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BRI 0 7 d AL TS« logistic [ 58
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XGBoost) 1 %% 1 £ J& $2 F} (light gradient boosting

machine, LightGBM). #5457 448 250 4k 4
TN T S Xk, BANIGE s, T
NER I IESE E AT HEREPEAY , PR e bRl 46 22 1k
#H TAERFE (receiver operating characteristic, ROC)
i £& T~ 17 FX (area under the curve, AUC), il
2k . PRI #2623 #T (decision curve analysis, DCA),
WERGE . BURE RS L BH PR BN (positive
predictive value, PPV) il BH 4 il ] i (negative
predictive value, NPV). il i DeLong £ 56 K £ ¢
BEAY 5 H iR 2 A Y 8 B B A R e T
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1.5 SitFESH
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KATEEIRTT 5 A0 Bl R Ry 5w DL Ay il 6 S R
JREERTR K Z . W1,

F1 EEMREHETXERNEREAZSEIENIIEZRES NHBRIEEEL TR

Tab.1 Comparison of baseline data between the training set and internal validation set for construction and validating a

predictive model for short-term mortality risk in severe pneumonia

Pl S PR TIESR

Pal Y%  WHBIEE P

FEAE PfE FEE P{H
(n=3 185) (n=1062) VAL (n=3185) (n=1062) Z{H
ERNY % £ 5) 65.4+16.3 65.5+16.1 -0.29 0.772 | [IGERIE5M/(53 % + 5)
it (kg% + s) 81.3+25.4 81.7+23.5 -0.55 0.581|| Charlson 3% 5.9+3.0 6.0£3.1  -0.45 0.654

P/, %)

2.21 0.138 SAPS IIIE5 39.8+14.7 39.8¢14.7 0.08 0.937
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- VRS WHRIEE O Pl - Igrte WIS P
(n=3 185) (n=1062) VAL (=3185) (n=1062) Zft
B 1862 (58.5) 649 (61.1) SOFA ¥4 6.8+4.2 6.7+4.1  0.62 0.536
Lk 1323 (41.5) 413 (38.9) B IRE/(H, %)

A Ak e 1001 (31.4) 339(31.9) 0.07 0.794
L33%/(/min, % + 5) 94.5+20.9 94.2420.9 0.34 0.733||  RURPE RAERAS 2(0.1) 3(0.3) 4.51 0.103
Wi e /(mmHg , % + ) 124.0£24.7 125.3£25.0 -1.46 0.144 || JlifesE 259 (8.1) 79 (7.4)  0.43 0511
EF5K I/ (mmHg, X + 5) 70.4+18.4 71.1+18.9 -1.07 0.284 || TRigAkImAS 193 (6.1) 60(5.6) 0.17 0.679
I8 /(/min, & + s) 22.3+6.6 22.5+6.9 -0.52 0.604 || CMIUEFE 427 (13.4) 147(13.8) 0.09 0.759
HIR/[°C , MIOR)] 36.9(36.6 ~37.3)  36.9(36.6~37.3) 0.14 0.886|| fHIfLIER 1341 (42.1) 443 (41.7) 0.03 0.852
1L AN /[ % , M(IQR)] 97.0(94.0 ~ 100)  96.0(93.0~99.0)  1.65 0.096|| Wl 356 (11.2) 104(9.8) 1.44 0.230
PCO,/[mmHg, M(IOR)] 43.0(36.0 ~50.0)  42.0(36.0~51.0)  0.92 0.356|| COPD 367 (11.5)  112(10.5) 0.66 0.415
pHAE/(% + 5) 7.36+0.1 7.36+0.1 -0.54 0.591|| HBERSG 1083 (34.0) 346 (32.6) 0.66 0.417

IR FE bR LI 1024 (322) 355(33.4) 0.54 0.464
FI40HE[x 10°/L , M(IOR)] 10.5(7.2~14.9)  10.8(7.3~15.5)  1.74 0.081|| 2ZH 5(0.2) 3(03) 1.80 0.421
/MR/A(*10°/L % + 5) 221.0£116.2 220.1+115.1 0.21 0.831|| THfLEBE 29 (0.9) 7(0.7) 034 0.562
LT EFH/(g/dL,x + 5) 10.942.3 11.0+2.3 -1.64 0.101 || JEAfkIB H i 29 (0.9) 19(1.8)  4.74 0.029
MCHC/(g/dL,% + s) 32.4£1.7 32.4£1.7 -1.19 0.234|| (i MRIEAAE 676 (21.2) 224 (21.1) 0 0.962
MCV/(fL,% + s) 91.6+8.0 91.7+7.5 -0.35 0.725||  FPHERS 54 (1.7) 18(1.7) 0  1.000
RDW/(%,% * s) 15.442.5 152424 2.11 0.035|| ZvEEHi 1626(51.1) 526 (49.5) 0.68 0.410
INR/[M(IQR)] 12(1.1~1.5) 1.3 (1.1 ~1.5) 1.54 0.120|| s 25 (0.8) 6(0.6) 0.27 0.602
PTT/[s,M(IOR)] 31.027.4~36.4) 30.9(27.6~36.8) 0.14 0.888|| ZAYEIHAERETS 4(0.1) 2(0.2)  1.50 0.644
WLEF/[mg/dL , M(IQR)] 1.0(0.7 ~ 1.6) 1.0(0.7 ~ 1.6) 0.48 0.632 | [Tt/ (1], %)

1185/ [mg/dL , M(IOR)] 131.0(105.0 ~ 173.0) 129.0(104.0 ~ 166.0) 1.36 0.175|| HLifii/IMRIATT 1262(39.6) 449 (423) 2.23 0.136
AL/ [mmol/L , M(IOR)] 1.5(1.1 ~2.3) 1.5(1.1~2.2) 0.92 0.355|| BORIEIARIAIT 3123(98.1) 1042(98.1) 0 0.999
RN [U/L, MUIOR)]  26.0(15.0 ~48.0) 26.0(16.0~50.0) 0.86 0.389|| ZEIAIT 1477 (46.4) 506 (47.6) 0.47 0.494
BRI BH[U/L, MUOR)]  36.0(22.0 ~62.0)  35.0(22.0~67.0) 0.40 0.691|| HLBH 2118 (66.5) 690 (65.0) 0.76 0.382
B PEREER TR/ [U/L, MUIOR)]  84.0(63.0 ~ 120.0) 82.0(63.0 ~118.8) 0.09 0.925|| HikkAIT 3020 (94.8) 1018(95.9) 1.62 0.204
BRIREEL/(mmol/L, % + ) 23.4+53 23.545.1 -0.42 0.673|| IMAEWETEZY) 1502 (47.2) 475(44.7) 1.80 0.180
PR R A/ [mg/dL, MUIQR)]  22.0(14.0 ~37.0) 21.0(14.0 ~37.0)  0.60 0.551 | |E&YLAH/(f51], %) 3.99 0.136
Il 7545 /(mmol/L, % + s) 4.20+0.45 4.20£0.40 -0.40 0.689 || AHETE 2409 (75.6) 771 (72.6)

15 48/(mmol/L % + s) 102.6+7.2 102.7+7.0 -0.24 0.810|| JEEtE 593 (18.6) 220 (20.7)

ML #h/(mmol/L & + ) 138.5+6.0 138.3+5.9 0.98 0.328|| AN 183 (5.7) 71 (6.7)

L3586 /(mmol/L % + s) 4.2+0.8 43+0.8 -0.49 0.625 | AL/ (1], %) 173 (5.4) 52(4.9) 035 0.552
ERZT %/ [(mg/dL, MIQR)] 0.5 (0.3 ~0.8) 0.5(0.3~0.9) 0.72 0.470

pH A : BRI ; PCO, : &AM 43 1K s MCHC - -3 2T AL 2T 28 R B s MCV 2 -3 2T A AR RDW : ZT 20 MO AR 5340 i 8 5 INR : [ BPRbmifE £k
FUARL s PTT : &80 I 356 ST [7] ; SAPS I1: 7 WA 2 P2k B2 2F 211 ; SOFA « ¥ B o B 0k AL s COPD : M BH ZE 1 B .

T ek

TERSHEBRIET, HIBR T B Rl iE 20% (1 64>
A BRAE 1 (95.0%) . BLEE (87.8%). &
(37.9%). Filiia-sh ki S50 22(24.2%) . BATREL
(24.2%)FIHE H(23.1%). BfifE, 7EIIZREHHEH
LASSO 43 454E 59 M I RFFIESEA T e CRH 2. 1se) o
IR 2 1 9 A5 T A 37 K O 110 SR T A o
pH. 4F % . IR A . il F R . RLRR .
APTT. $HTBHAYT . Y SARHUR ERIAYT o

NIRRT 24

2.2

23 HEEMBESLHEKR

BT LR oRBUSHOCHE, AT T 5H
PLES 27 2 B R L0 TCU #5526 3 A e 41 5
TS, A A i FH R A S S0 3R 2. FESRIEAR
H, SRR XA B R A, b LightGBM A
) AUC % 15 (AUC=0.83, 95% CI: 0.77 ~ 0.89),
logistic [A JF 5 /I k 22 (AUC=0.82, 95% CI: 0.77 ~
0.88), HJFHKIK N Enet f AL (AUC=0.81, 95% CI:
0.76 ~ 0.87). XGBoost 1 %l (4UC=0.80, 95% CI:
0.74 ~ 0.86) I i UL AR KA Y (AUC=0.78, 95% CI:
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Fig. 1 Predictior variable selection based on LASSO regression

Tab.2 Machine learning models developed with corresponding R packages, functions, and key

0.71 ~ 0.84) (£ 3, El2A). &5EuEZ S Im IR
KIML (K 2B, 2C)PFAY, #1A Light GBM 5 logistic
Wl g 15 R0 B 25 A PR Re L T LA A B R A
LightGBM ] AUC B %5, {H logistic [l I #5271 7 3¢
FIm R T bR b 90 5 () BBURREE (0.81 vs 0.64),
HERIZER s . SR E Rl ke, B Y THAk
R RE T H . e, SEFHAEBERE . Ik
PR 5 i B 2 1) 1) e A i, AR F 9T e A
logistic [Al AR ARIVE M HEZERIRY . X logistic [7] A5
BRI A HE BT iR, L Brier 14347 0.042, %
HE B R BT 1(0.944), #% B $E 9T 000.027), H
Hosmer-Lemeshow U5 BE K 56 #2878 A R 45 (P=
0.768), & B LTI RS 5 52 o JRUBS: H A R 41—
. FEVIZRAE MG UEAE b, 207 T g 42
i Z T SOFA P73 (DeLong 5 46 ¥ P<0.05, &
3). Logistic [n] 545714 i) ELAK 285 Je 45 78 1 OR 1A
24,
2.4 HERIRAEREME ST

T S AR TR (1 T A R S I RS A,
58 3T H 41 logistic [l H AR FY T 51 2 1] 5 7
RIE . 514k BIHE A5 722 F AR [ 05 3R 505 Ak ok AH
Py, Rl R AR TR . AR
AP Pl D)3 3 A R s 45 A8 e 5 R U S T AL

®2 MEBHNSIFIERRENNORGE. REFXEESH

hyperparameters
T5iA 1 PR 28
ILogistic [Al1H stats::glm none
L PR 2 glmnet::glmnet mixture=0, penalty=1
AR random forest:: random forest ntree=200, min_n=20, mtry=2
e BR AR HE P T XGBoost::XGBoost tree_depth=2, min_n=>5, learn_rate=0.01
BT ligthtgbm::Igb.train tree_depth=3, min_n=10, mtry=6, learn_rate=0.01
F 3 NEEMIGIEE RRE M EEFEFRETTE 5% CI)
Tab.3 Model performance metrics in the training and validation sets
A% FEiAY AUC NiRiilEs TR R PPV NPV
YIZEE  Logistic [ 0.77(0.74 ~ 0.81) 0.70(0.69 ~0.72)  0.72(0.65 ~ 0.78) 0.70(0.69 ~0.72) 0.12(0.10 ~ 0.14) 0.98(0.97 ~ 0.98)
PR 25 0.77(0.73 ~ 0.81) 0.75(0.74 ~0.77)  0.66(0.59 ~0.73) 0.76(0.74 ~0.77) 0.14(0.11 ~0.16) 0.98(0.97 ~ 0.98)
FEHLARA 0.98(0.98 ~ 0.99) 0.94(0.93 ~0.95) 0.97(0.93 ~0.99) 0.94(0.93 ~0.95) 0.48(0.42 ~0.53) 1.00(1.00 ~ 1.00)
R T 0.88(0.85 ~0.91) 0.84(0.83 ~0.86) 0.73(0.66 ~ 0.79) 0.85(0.84 ~0.86) 0.22(0.19 ~0.25) 0.98(0.98 ~ 0.99)
R B R T 0.82(0.78 ~ 0.85) 0.81(0.79 ~0.82) 0.68(0.63 ~0.74) 0.81(0.80 ~0.83) 0.17(0.15 ~0.20) 0.98(0.97 ~ 0.98)
KAE4E  Logistic [ 0.82(0.77 ~ 0.88) 0.70(0.67 ~0.73) 0.81(0.68 ~ 0.89) 0.70(0.67 ~0.72) 0.12(0.09 ~0.16) 0.99(0.97 ~ 0.99)
S o 45 0.81(0.76 ~ 0.87) 0.76(0.73 ~0.78)  0.73(0.60 ~ 0.83) 0.76(0.73 ~0.78) 0.14(0.10 ~ 0.18) 0.98(0.97 ~ 0.99)
FEHLARA 0.78(0.71 ~ 0.84) 0.87(0.85~0.89) 0.42(0.30 ~0.56) 0.89(0.87 ~0.91) 0.17(0.12 ~0.25) 0.97(0.95 ~ 0.98)
RIEELEIT] 0.83(0.77 ~ 0.89) 0.82(0.79 ~0.84) 0.64(0.50 ~0.75) 0.83(0.80 ~0.85) 0.16(0.12 ~0.22) 0.98(0.97 ~ 0.99)
T B B B T 0.80(0.74 ~ 0.86) 0.78(0.75 ~ 0.80) 0.58(0.44 ~0.70) 0.79(0.76 ~0.81) 0.12(0.09 ~ 0.17)

0.97(0.96 ~ 0.98)

AUC: I N AL PPV : BTN E s NPV : FIPE TSI .
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A @H Frifiis Wald OR 95% CI P
FHUP) fa
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iRt -1.491 0.246 36.735 0.225 0.141 ~0.370 <0.001

TRA PRI 58 0.527 0308 2928 1.694 0.893~3.004 0.086
R EETERR 0.611 0.193 10.022 1.842 1.252~2.677 0.001
PURIEIRIAYF -1.061 0382 7.714 0.346 0.169 ~0.761  0.005
N=3 185; & fii 2 (Null deviance) =1 344.3; 5% 2% fi} 2 (Residual
deviance)=1 140.1; AIC=1 162.1.
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Fig.3 Predictive performance comparison of the logistic model
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Fig. 4 Nomogram plot based on the logistic regression model (A), feature importance based on SHAP value (B), and multivariable logistic

regression forest plot (C)
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