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[Abstract] Objective To investigate the independent predictive value of extrapulmonary organ dysfunction
for sepsis-associated acute respiratory distress syndrome (SA-ARDS) after controlling for baseline factors such
as pulmonary infection, and to construct a corresponding nomogram prediction model and validate its predictive
performance. Methods A retrospective analysis was conducted on clinical data from patients with sepsis admitted
to the First Affiliated Hospital of Xinjiang Medical University from April 2023 to March 2025. Patients were randomly
divided into a training set and a validation set at a 7 : 3 ratio. Additionally, data from patients with sepsis were exiracted
from the Medical Information Mart for Intensive Care-IV (MIMIC-IV) database as an external validation set. The
consistency of clinical data among the training set, validation set, and external validation set was compared. In the
training set, patients were divided into ARDS group and non-ARDS group according to the 2012 Berlin definition of
ARDS. Variables with significant differences in univariate analysis were incorporated into LASSO and Logistic regression
models to identify independent risk factors for SA-ARDS, which were then used to construct a nomogram prediction
model. The discriminative ability, calibration, and clinical utility of the model were evaluated using receiver operator
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characteristic curve (ROC curve), calibration curve, and decision curve analysis in the training set, validation set, and
Results
the training set and 118 in the validation set. An additional 400 patients with sepsis were extracted from the MIMIC-IV

external validation set, respectively. 391 sepsis patients were enrolled from the hospital, including 273 in
database as the external validation set. The three groups were balanced and comparable in terms of clinical data (all
P>0.05). Of the 273 patients in the training set, 189 developed ARDS. There were statistically significant differences
in proportions of patients with pulmonary infection and septic shock, mean arterial pressure, serum lactate, platelet
count, procalcitonin, total bilirubin, albumin, blood urea nitrogen, serum creatinine, brain natriuretic peptide, Glasgow
Coma Score (GCS), extrapulmonary Sequential Organ Failure Assessment (SOFA) total score, SOFA total score, Acute
Physiology and Chronic Health Evaluation II (APACHE II'), and SOFA coagulation, hepatic, cardiovascular, renal, and
neurological subscores between the ARDS and non-ARDS groups (all P<0.05). LASSO regression identified 13 potential
predictors. Multivariate Logistic regression analysis revealed that elevated SOFA cardiovascular score [odds ratio
(OR)=1.27, 95% confidence interval (95%CI) was 1.01-1.60, P=0.038], elevated SOFA coagulation score (OR=1.58,
95%CI was 1.08-2.30, P=0.019), elevated SOFA neurological score (OR=1.34, 95%CI was 1.10-1.63, P=0.003),
concomitant pulmonary infection (OR=2.63, 95%CI was 1.25-5.52, P=0.011), and elevated APACHE I score (OR=1.40,
95%CI was 1.28-1.53, P<0.001) were independent risk factors for ARDS. A nomogram prediction model was constructed
based on these five factors. ROC curve analysis demonstrated that the area under the curve (AUC) of the prediction model
in the training set, validation set, and external validation set was 0.90(95%CI was 0.87-0.94), 0.91 (95%CI was 0.86—
0.96), and 0.92 (95%CI was 0.89-0.94), respectively. Calibration curve and decision curve analysis indicated that the
model exhibited good calibration and clinical utility. Conclusions After comprehensively adjusting for confounding
factors including pulmonary infection and the severity of systemic disease, the SOFA cardiovascular, coagulation, and
neurological subscores were identified as independent exirapulmonary influencing factors for SA-ARDS. The nomogram
model incorporating these factors along with pulmonary infection and APACHE Il score demonstrates favorable
predictive performance and promising clinical application prospects, offering new insights for the clinical diagnosis and
management of SA-ARDS.
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*1

NERE . WK SIMNPIIE SRR S AE B E IR R BUR LR

Bzt YIlgsE (273 41) IR (118 f1) HMERIGIIESE (400 B])  Geitii(E PAE
A (%, v ts) 64.29+16.13 63.27+15.20 63.45+15.31 F=0.44 0.644
BECH (%)) 175 (64.1) 82(69.5) 236(59.0) x’=3.94 0.140
WA (A1) (%)) 66(24.2) 33(28.0) 108(27.0) x’=051 0.775
Jiti P (1] (%) ) 123(45.1) 55(46.6) 170(42.5) x’=0.74 0.691
COPD (#1(%)] 24(8.8) 6(5.1) 50(12.5) X’ =6.26 0.066
e (1] (%) ) 62(22.7) 17(14.4) 100(25.0) x’=2.69 0261
e i (451 (%)) 125(45.8) 54(45.8) 195(48.8) X =147 0479
2 HURBRAE (41 (%)) 93(34.1) 42(35.6) 107 (26.8) x =581 0.055
P A (61 (%)) 21(7.7) 11(9.3) 30(7.5) x =0.15 0.929
JHeREMEAR T (1] (%)) 97(35.5) 40(33.9) 118(29.5) X =3.94 0.140
IR (C,x%s) 37.17+0.86 37.21+0.83 37.18+0.97 F=0.02 0.980
R (YK /min, x+s) 97.88 +25.25 97.37+21.34 95.84 +23.62 F=0.65 0.521
PR % (YR /min, x +s) 21.79 +6.64 21.35+6.77 22.03+5.91 F=230 0.117
S E (mmHg, x +5) 80.35+19.30 81.99+ 17.06 83.42+16.76 F=2.09 0.125
Pa0, ( mmHg, M (Q,, ;)] 85.00(75.00, 96.00) 85.00(75.00, 96.50) 85.00(75.00, 97.50) H=032 0.852
Fio, (M (Q,, Q)] 0.410(0.370, 0.550) 0.410(0.370, 0.500) 0.410(0.370, 0.505) H=159 0.501
Pa0,/Fi0, [ mmHg, M (Q,, 0;)) 218.18(170.00,275.00)  240.54(190.24,312.02)  221.95(170.00,290.00) H=121 0.546
MIEFLER [ mmol/L, M(Q,, Q;)) 1.70(1.20, 2.60) 1.70(1.10, 2.38) 1.80.(1.30, 2.70) H=440 0.111
pH fH (x £5) 7.41£0.08 7.40+0.09 7.42+0.08 F=154 0.124
HANM T (X< 10°/L, M (@, 05)) 11.52(7.41,15.96) 11.62(7.50,16.27) 11.49(7.39,15.88) H=-0.56 0.574
/MR (X 10°/L, M(Q,, Q) 126.00 (69.00, 224.00) 127.00(62.25, 217.50) 133.50(73.00,226.00)  H=2.27 0.322
CRP [mg/L, M(Q,,05)) 90.00 (62.10, 90.00) 90.00(56.50,90.00) 90.00(74.98,110.00)  H=4.50 0.108
A2 5 [ me/L, M(Q,, Q3)) 5.41(1.27,30.90) 4.64(1.13,27.55) 5.79(1.34,31.47) H=021 0.899
ML [ pumol/L, M(Q,, Q5)) 19.86 (14.15, 40.86) 20.38(15.34, 35.16) 23.01(13.70, 49.00) H=1.56 0.458
HEH (gL, M(Q,,05)]) 28.94(26.04,32.43) 28.78(26.22,32.17) 28.64(25.34,31.60) H=251 0.286
MR Z A (mmol/L, x+s) 13.26+9.69 13.43+9.94 13.40+9.96 F=145 0356
L35 LT ( umol/L, M (Q,, Q5)) 95.22(62.13, 188.23) 104.53(59.79, 228.06) 100.00(60.95,195.35)  H=0.75 0.687
fshk (ng/L, M(Q,, Q;)) 1930.0(500.0,7780.0)  1715.0(512.5,6882.5)  1930.0(457.0,7930.0) H=121 0.521
GCS W93 (43, v +s) 12.25+4.33 11.83+4.76 12.16 +4.51 F=0.51 0.598
JiliZh SOFA 43 (43, M(Q,, Q5)) 5.00(1.00, 8.00) 4.50(1.00,7.75) 4.00(1.00, 8.00) H=0.25 0.882
SOFA 243 (43, M(Qy, 05)) 7.00(2.00, 10.00) 7.00(2.00, 10.00) 7.00(1.00, 11.00) H=0.17 0919
SOFA EE M YIRETE5 (5, M(Qy, Q3)) 0.00(0.00, 2.00) 0.00(0.00, 2.00) 0.00(0.00, 2.00) H=293 0.231
SOFA FFIEZIREVF4 (43, M(Q,, Q3)) 0.00(0.00, 2.00) 0.00(0.00, 2.00) 0.00(0.00, 2.00) H=1388 0.391
SOFA LA IREPESS (4, M(Qy, Q5)]  0.00(0.00, 2.00) 0.00(0.00, 2.00) 0.00(0.00, 2.00) H=226 0323
SOFA B ETREI4r (5, M(Q,, Q3)) 0.00(0.00, 2.00) 0.00(0.00, 3.00) 0.00(0.00, 2.00) H=0.04 0.982
SOFA MZIRedr4r (43, M(Q,, Q3)) 0.00(0.00, 2.00) 0.00(0.00, 2.00) 0.00(0.00, 2.00) H=1.88 0.391
APACHE 13943 (43, M(Q,, Q5)) 14.00(9.00, 20.00) 14.00(9.00, 23.00) 12.50(7.00, 20.00) H=647 0252

1 : COPD &M FHSEME P , PaO, skl 5, FiO, A A LWL, PaO/FiO, HAATEE, CRP I C- RN M, GCS Mighiil
BB, SOFA )7 B3 B 01143, APACHE 11 2 St A i g PEAERRIR LT 43 TT 5 1 mmHg=0.133 kPa
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T2 JIEERREEEE ARDS HXBREZHEEEZESH

Eita 4 ARDS 41 (84 f3i]) ARDS £ (189 f4i]) SRl PAE

RS (%, v ts) 62.68 +18.00 65.01+15.22 t=-1.10 0.271
BEH(%)) 51(60.7) 124(65.6) x’=0.61 0.437
WAL (] (%)) 21(25.0) 45(23.8) x=0.04 0.832
il P e (45l (%)) 24(28.6) 99(52.4) x’ =1332 <0.001
COPD [ #](%)) 6(7.1) 18(9.5) X =041 0.521
e (1 (%) ] 18(21.4) 44(233) x’=0.11 0.736
L (1 (%) 34(40.5) 91(48.1) x'=138 0.240
2 UM (1] (%)) 31(36.9) 62(32.8) x’ =044 0.509
P A (] (%)) 6(7.1) 15(7.9) x ' =0.05 0.820
e EAR S (1) (%) ) 3(3.6) 94(49.7) X =54.10 <0.001
R (C,x+ts) 37.09 +0.83 37.20+0.87 t=-0.95 0.341
LF (K /min, x£s) 95.10+23.06 99.11+26.13 1=-121 0.226
WA (UK /min, 1 +s) 21.1947.33 22.06+6.31 1=-1.00 0.320
KR (mmHg, x +5) 86.75+17.42 77.51+19.45 1=3.74 <0.001
Pa0, [ mmHg, M(Q,, ;)] 85.00(75.00, 96.75) 84.00(75.00, 96.00) Z=-1.16 0.245
Fi0, (M(Q,, Q5)] 0.410(0.330, 0.600) 0.410.(0.400, 0.500) 7=-0.83 0.409
Pa0,/Fi0, [ mmHg, M(Q,, Q;)) 247.55(168.61,371.43) 215.00(170.00, 257.58) Z=-1.92 0.055
MLIEFLIR [ mmol/L, M(Q,, Q3)) 2.10(1.70, 2.70) 1.60(1.10, 2.40) Z=-3.88 <0.001
pH A (x£5) 7.4240.06 7.41+0.18 t=-1.237 0.216
P4 (< 10°0, M(Q,, 05)]) 10.96(7.08, 13.64) 11.78 (7.77, 16.30) Z=-1.55 0.121
M/ (X 1077, M(Q,, Q3)]) 198.50(132.00, 269.25) 88.00(55.00, 188.00) Z=-629 <0.001
CRP (mg/L, x+5) 73.38 +26.16 752142478 1=-0.55 0.580
RaA5 225 Cue/L, M(Q,, Q3)) 3.79(1.06, 13.53) 8.26(1.59,45.30) Z=-2.64 0.008
BABLLE (umol/L, M(Q,, Q3)) 16.33(13.57, 19.78) 26.13(14.53, 46.06) Z=-446 <0.001
HEA (gL, M(0,, 05)) 31.29(28.38,35.12) 28.17.(24.89, 30.66) Z=-4.80 <0.001
LR ZE [ mmol/L, M(Q,, Q3)) 6.52(4.83,838) 14.00(7.99, 19.77) Z=-7.18 <0.001
1775 WUEF ( wmol/L, M (Q,, Q5)) 68.88(55.17, 100.59) 132.00(66.87,227.07) 7=-524 <0.001
AR Cng/L, M(Q,, Q) 543.50(149.00, 1 705.00) 3 320.00 (960.00, 11 700.00) Z=-6.65 <0.001
GCS PF4r (43, x£s) 14.88 +0.80 11.07 +4.73 1=10.73 <0.001
filiZh SOFA &4 (4, M(Q,, Qy)) 0.00(0.00, 1.00) 6.00(4.00,9.00) Z=-12.74 <0.001
SOFA &5 (43, M(0Q,, Q5)]) 1.00(0.00, 1.00) 9.00(7.00, 11.00) Z=-13.11 <0.001
SOFA BEIMIIREITS (4, M(Q,, Q5)) 0.00(0.00,2:00) 0.00(0.00, 2.00) Z=-2.19 0.028
SOFA JIFRETBETESY [ 43, M(Q,, Q5)) 0.00(0.00, 1.00) 1.00.(0.00, 2.00) Z=-2.52 0.012
SOFA A HREPES (4, M(Q,, Q)] 0.00(0.00, 1.00) 0.00(0.00, 2.00) Z=-3.02 0.003
SOFA 'BESIREEST (43, M(Q,, Q5)) 0.00(0.00, 0.00) 0.00(0.00, 3.00) 7=-373 <0.001
SOFA #&I)Rerr4r (43, M(Q,, Q3)) 0.00(0.00, 2.00) 0.00(0.00, 2.00) Z=-2.19 0.028
APACHE 134y [ 43, M(Q,, Q5)) 7.00(5.00, 11.00) 17.00(12.00, 22.00) Z=-10.22 <0.001

1 ARDS Sy 2 PEVEIGE A LR A AE , COPD oM HERH ZE VBN , PaO, Bk 1 2 23K, FiO, WA SRR, PaO,/Fi0, A & 541, CRP
C- IV EE [, GCS AR HTaF B2k 1 4), SOFA SNJY B B RT3, APACHE 11y S A2 S8 MEARERIR ML IT4 1T 5 1 mmHg=0.133 kPa

2.3 LASSO [8] 9 : LASSO [0l 19 % %k % 12 & & 7
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(P 1A), 28 SR UF 15 22 il 28 D) FH T e B (AR AL 0L
e N E(E 1B, feZiiikih 13 MET RECE
i, RmEFLER | /IR TR FRES R R L BIHZTER |
HEF . SOFA O ML TIREPESY . SOFA #E 1 D REVE
53 SOFA WA INRETEy | VBB L MREEPEIR L |
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2.4 ARDS tHOC XU A8 i 2 8 L PR W . 700
LASSO [l 7% H (1) A8 599 A Z &R Logistic [#115
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2.5 ARDS 56 AU A8 5 1Y Logistic 215 20 Hr « K¢
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0.05; % 3).
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R4 EFRBIREEPREESERE ARDS &R AR BERE ST
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