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[Abstract] Objective To develop and validate a nomogram model for predicting 30-day mortality among
elderly patients with sepsis-associated liver dysfunction (SALD), to identify high-risk patients and improve prognosis.
Methods A retrospective cohort study was conducted using data extracted from the Medical Information Mart for
Intensive Care-IV (MIMIC-1V) database for elderly patients with SALD who were first admitted to the intensive care unit
(ICU) of Beth Israel Deaconess Medical Center between 2008 and 2019, including basic characteristics, severity scores,
underlying diseases, infection foci, 24-hour vital signs, initial laboratory indicators, 24-hour complications, and prognosis
related indicators. Patients were randomly assigned to training group and validation group in a ratio of 7 : 3. The training
group used the LASSO regression analysis, as well as multivariate Logistic regression analysis to screen for independent
risk factors for 30-day mortality. A nomogram prediction model was constructed, and receiver operator characteristic
curve (ROC curve), calibration curves, and decision curve analysis (DCA) were used to evaluate the model, and validate
the model using the validation cohort. Results A total of 630 elderly patients with SLAD were included in the study,
including 441 in the training group and 189 in the validation group. Oxford acute severity of illness score (OASIS) for
training group [odds ratio (OR) = 1.060, 95% confidence interval (95%CI) was 1.034-1.086], 24-hour pulse oxygen
saturation (SpO,; OR = 0.876, 95%CI was 0.797-0.962), initial mean corpuscular volume (MCV; OR = 1.043, 95%CI
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was 1.009-1.077), initial red blood cell distribution width (RDW; OR = 1.237, 95%CI was 1.123-1.362), initial blood
glucose (OR = 1.008, 95%CI was 1.004-1.013), and initial aspartate aminotransferase (AST; OR = 1.000, 95%CI was
1.000-1.001) were independent risk factors for 30-day mortality in patients (all P < 0.05). Based on the above variables,
a nomogram model was constructed, and the ROC curve showed that the area under the curve (AUC) of the model in the
training group was 0.757 (95%CI was 0.712-0.803), with a sensitivity of 65.05% and a specificity of 74.90%; the AUC
of the model in the validation group was 0.712 (95%CI was 0.631-0.792), with a sensitivity of 58.67% and a specificity
of 81.58%. The calibration curves of the training and validation groups show that both the fitted curves were close to
the standard curves. The Hosmer-Lemeshow test: the training group (y > = 6.729, P = 0.566), the validation group
(x* =13.889, P = 0.085), indicating that the model can fit the observed data well. The DCA curve shows that when the
threshold probability of the training group was 16% to 94% and the threshold probability of the validation group was
27% to 99%, the net benefit of the model was good. Conclusions OASIS, 24-hour SpO,, initial MCV, initial RDW,
initial blood glucose and initial AST are independent risk factors for 30-day mortality in elderly patients with SALD. The

* 803 -

nomogram based on these six variables demonstrates good predictive performance.
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e SALD ZAERFEAPL 30 dET-WEKREHEZE I 2 & B
o) R B 2k PR T A AR 3 i 32 3R TR RRAE il £ 20 BE R (F1~2): 630 Il EMA

(receiver operator characteristic, ROC [l £k )., £ i il
28 FIIRTR {28 (decision curve analysis, DCA ) X F 7
BEATIEAL o B UEL XS R SR A T HAIE A
TR FNAE LA TRIPOD 7 BT IE R . 4G
Bk o (EEOSUI 0.05.

WF5E, AR R UEZH 7351 % 441 FIA1 189 . 74
2 RE TR I AR SRR | itk PR SR 5 R R il
(alkaline phosphatase, ALP) J5 T 22 5% HA Gt 1124 7=
(¥ P<0.05), At = i@ﬂﬁfﬁfr”iX(i’J
P>0.05),

x1 BEHASKIEA SALD ZF BEMNIGRELFFIELLE

_ 1Y) FY 2 . 4 SF4
fit o ey pi| o s} Vi P
A (%, ats) 74.82+9.09 7331+8.62 3762 0.053 5
B (%)) 250(56.69) 104(55.03) 0.149 0.700 ﬁ%aﬁﬁi) A B
IR (kg, x +5) 82.90+21.62 827142101 0010 0919|| 45 (mg/L, x+s) 81.66+10.35 80.19+10.62  2.628 0.105
P BRI Alb(g/L, x+s) 28.33+5.97 2846+552  0.067 0.795
[ﬁ‘,M(Qan)] 9 2 ] it
APSTI 43 64.00(52.00, 81.00) 63.00(49.00,78.00) 1.375 0.241 (%nEq/]LF%is) iR i3 2870 0.091
SOFA 43 9.00(7.00, 12.00) 1000(700,12.00) 1129 0288 || #WESF (mEq/L,x%s)  137.27£561 137.61+543 0.514 0474
LODS ¥4} 8.00(6.00,10.00)  7.00(5.00,10.00) 0448 0.503 || #HEF (mEq/L,x+s) 4.42+0.92 441+1.00  0.005 0.943
OASIS 43 39.00(32.00, 46.00) 380()(3200,46.00) 0.674 0412|| HAET(mEq/L,x*s)  103.47£7.16 103334693 0.050 0.823
SAPS [1 9F43 51.00(42.00, 61.00) 50.00(40.00,61.00) 0250 0.617 || (fifi( me/L, 1468.33 1520.00 160 (078
S (6(%)) M(Qy, 04)) (122250, 1826.70) (1249.64,1990.00) = ™
WRIFE O NATAE 126(28.57) 58(30.69)  0.287 0.592|| i ( mmolL, 3.90 3.90
fadh 0y 192(43.54) 94(49.74) 2,050 0.152 M(Q,,0,)) (290, 6.30) (310,500) 0008 0929
LifIIRERERT 54(12.24) 17(8.99) 1398 0237|| PLT [ X 10°L, 167.00 145.00 2361 0.124
SRR 126(28.57) 56(29.63) 0.072 0.788 M(Q,,05)) (107.00, 228.00) (85.00,220.00) :
B 118(26.76) 53(28.04) 0.110 0.740|| ALT (UL, 52.00 76.00
KR 140(31.75) 63(3333) 0153 0696 ||  M(0,,0,)] (2500,23500)  (2800,48300) 0 0060
o 1L 192(43.54) 76(40.21) 0.599 0.439|| AST (U/L, 79.00 112.00
BRAE (1(%)) M0, ) (4000,27200)  (4500,481.00) 34 0050
I 318(72.11) 146(77.25) 1.801 0.180|| TBil { mglL, 19.00 18.00 0638 0435
it 102(23.13) 59(31.22) 4549 0.033 M(Q,,05)) (11.00, 28.00) (10.00, 27.00) : :
3 6(1.36) 3(1.59) Fisher 1.000 || ALP [U/L, 78.00 88.00
W 57(12.93) (L1 0401 0526  M(Qy, Q)] (5200,12200) (5900, 136.00) 164 0041
TR 149(33.79) 75(39.68) 2.007 0.157 BUN (mg/L, 310.00 300.00 B B
24 h A RAE (v £5) M(0,,0,)) (190.00, 500.00)  (210.00,440.00) :
DF (K /min) 90.89+17.22 88.56 +17.17 2428 0.120 WLEF ( mg/L, 13.00 14.00 0694 0.405
Wi e (mmHg) 11034 +13.39 110.09£13.10  0.049 0.825 M(Q,, Qs)] (10.00, 21.00) (10.00, 22.00) : :
SF3KIE (mmHg) 60.00+9.81 60404950 0226 0.634|| PT (s,M(Q,,0:))  16.00(13.70,20.40) 16.50(14.10,23.10) 0573 0.449
SEEEKE (mmHg)  74.81+8.79 7554819 0955 0.329|| APTT (s, M(Q,,0,)) 34.00(29.40,48.80) 33.90(28.50,46.50) 0.016 0.899
IR (YK /min) 21.36+4.20 2138+4.14 0004 0950|| INR (M(Q,, Q) 1.50(1.20,1.90)  1.50(1.30,2.10) 0930 0.335
IR CC) 36.83+0.70 36.8010.69 0215 0.643 || 24 h I (4] (%))
$p0, 0.96+0.03 0.96+0.03 0209 0.647 ||  ZpkIEIg 251(56.92) 110(58.20) 0.089 0.765
PGS = Rty [icsAe N 310(70.29) 131(69.31) 0.061 0.805
WBC (X 10°/L, x +5) 14.25+10.31 1492+11.04 0530 0467|| 2tEEH; 39(8.84) 24(12.70) 2.184 0.139
HCT (x+s) 0.32+0.08 0.33+0.08 1.750 0.186 || ICU fERshstal 5.39 5.53
Hb (gL, x +s) 103.63 +24.85 106562378 1.893 0.169|| [d,M(Q;,05)) (2.75,10.68) (274,11.14) 0128 0.721
MCH (pg, x £s) 30.20£2.46 3021+£2.84 0002 0.966 || sk (d, 1175 1115
MCHC (g/L, x £5) 32624+17.37 32596+17.85  0.034 0.854| M(Q,,0:)) (5.95,20.10) (636,21.05) 0068 0794
MCV (fL, x %) 92.69+6.89 92.83+8.08 0.043 0.835 || ICU st [ % (f51])) 34.24(151) 32.28(61) 0.229 0.632
RBC(X10%L,x*s) 345+0.84 3.56+0.84 2463 0.117 || HERestE (% (i) 39.23(173) 38.62(73) 0.020 0.887
RDW (%, x +s) 15.62+2.42 1578 £2.75 0.549 0.459 || 30 d st [ % (f51)) 42.18(186) 39.68(75) 0.339 0.560

1 SALD S RRBEAEATF405, APSTI Ry S bE AR B2 0E 4 T, SOFA )P B4 B = PE4), LODS i Logistic #i B DI RERES 45, OASIS R4
AR e AR R4, SAPSTT }mﬂa‘:" PEAIRZETES 1T, SpO, MBI M4 A, WBC b A 44, HCT Jyim4ni s, Hb M ifi4r
HH, MCH ML P39 T 5 (A i, MCHC T35 M AT 8 R, MCV B2 AIMF- AR, RBC ML 40MT4L, RDW M40 il
ARG, Alb M, PLT 4 mvl\lr)iﬁriﬁz, ALT AN EFREEEREE, AST I RAE R AN, TBil ]y AT 2, ALP is MR R , BUN Mifl
PREZCA, PT R MBI E] , APTT S Ak 2843058 i 735 BT 18], INR O FEIBRARAEAL FUA, ICU 9 FAE W% 55 5 1 mmHg=0.133 kPa
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HEBLAL A BE 30 d A7 i 255 1] (57.82%), 3
T 186 171 (42.18% ), WILL[AI B ™ HLRE L D43 | B
F O I | 24 h AR A ORAE Dl i L &7
G| A SNE )i AR RS TR SN ST I € A | =R Uk
J& (pulse oxygen saturation, SpQ,) ], 5% 5 % 5 Fr 9]
YR A [ 2140 H 2 ML 21 25 FH ¥R 7 (mean corpuscular
hemoglobin concentration, MCHC. ), £I 4ff ffd - 35 & 1
(mean corpuscular volume, MCV ), ZI 4fl i /3 A 9% &
(red blood cell distribution width, RDW ). fifk i S0 HS 25
F BB TR R ALT, AST, ALP, LR FE A

(blood urea nitrogen, BUN), LA ) 22 5% B A G112
B (¥ P<0.05), Happthtr 2w geit = m X
(1 P>0.05).

2.2 AL TN AR O

¥ 57 A AR

LASSO [nl S5 R, 2 S A8 1 J iy 'ﬂ'giﬁ PIES
A A S, BIPES : B =1, =0 HApE

fi=1, %:O-*@ﬁLASSOﬁcE%ﬁEEIﬂIEIBE%
PRI (1), i 8 B 4551 R %, DL lambda. 1se
T A 2k AR 2= P 43 T (acute physiology
scorelll , APSTI ). Logistic P E T RERE RSP ( Logistic

*F2 BEEARTRE 30dFEFHAE SALD 5 BE WG RELIFIE LS
_ Y 4] 2 _ £ 4
i i) ar N A R i vk
SRS (% xts) 74.16+891 75.7349.29 3241 0.073|| MCV(L,x+s) 91.94+6.42 93.73£739 7310 0.007
BHE(H1(%)) 147(57.65) 103(55.38) 0226 0.635/| RBC(X10"/L,x+s) 3.4940.87 3384079 1960 0.162
R (kg, x£s) 83.92+22.58 81.51+£20.21 1344 0247|| RDW(%,x%s) 1530+2.18 1605£2.66 10457 0001
ﬁgﬁ; if%{ﬁ%’; ﬁﬁiﬁ%}i) 21.08+5.08 19.96+546 4910 0027
APSTIFESY 60.00(48.00,73.00) 70.00(58.00,90.75) 35441 <0.001|| %45 (mg/L,x+s) 82.26+10.21 80.82£10.51 2087 0.149
SOFA ¥4 9.00(6.50,11.00)  10.00(7.00,13.00) 6753 0009 Alb(gL,x+s) 28774595 27724597 3327 0.069
LODS ¥ 7.00(5.00,9.00)  8.00(7.00,11.00) 33.142 <0.001|| [fms T
OASIS #3 36.00(31.00,44.00) 43.00(36.00,49.00) 33.826 <0.001 (nleq/Lr,%irs) 16285484 183125.98 15493 <0.001
SAPS T4 48.00(38.50,56.00) 55.00(47.00,66.00) 36.381 <0.001|| 4N&T (mEq/L,x+s) 137.34+521 137.17+£6.12 0093 0.760
Hnbgess (] (%)) BT (mEq/L, x +5) 443+1.00 440+080  0.164 0.686
WRIHHE CONESE 61(23.92) 65(34.95) 6405 0011 AET (mEq/L,xts)  103.99+6.32 102.76+8.14 3208 0.074
B ) 107(41.96) 85(45.70) 0611 0.434|| [t mglL, 1368.20 1571.00 13268 <0.001
AIRERZR 26(10.20) 28(15.05) 2362 0.124 M(Q.,Q:)) (119620, 1708.50) (1 250.60, 2 024.00) " :
1Bkt 65(25.49) 61(32.80) 2813 0.09%|| i mmol/L, 3.90 3.90 0436 0509
e 65(25.49) 53(28.49) 0495  0.482 M Q0] (2.85,6.35) (3.00,6.27) ' :
i 80(31.37) 60(32.26) 0.039  0.844|| PLT [ X 10'L, 160.00 175.50 163 0203
I 115(45.10) 77(41.40) 0.599 0439 M(Q,,Q5)] (106.00,222.50)  (115.00,23650) 7 7
TRkt () (%)) ALT (UL, 44.00 78.00 8813 0.003
IR 174(68.24) 144(77.42) 4511 0.034 M(Qy, 0] (23.00,152.00)  (27.00,535.00) "7 T
Pl 62(2431) 40(21.51) 0477 0490)|| AST (UL, 60.00 131.00 24928 <0.001
1 RCEN 1(0.39) 5(2.69) Fisher ~ 0.087 M0, 05)) (3450,159.50)  (49.75,631.75) :
g 36(14.12) 21(11.29) 0.764 0382/ TBil (mg/L, 20.00 19.00 137 0086
s 94(36.86) 55(29.57) 2557 0.110 M(Q,Q5)] (12,00, 27.50) (9.00, 28.00) : :
24 h AR RAE (o ts) ALP (UL, 70.00 90.00
11.870 <0.001
LF (K /min) 90.17+17.02 91.88+17.49 1.060 0304 M0, Q) (48.50,107.50)  (59.25,139.75)
Mﬁ!i(mmHg) 111.50 £ 13.26 108.76 + 13.44 4551 0.033|| BUN (mg/L, 290.00 350.00 6909 0009
SR (mmHg) 60.87+9.90 58.79+9.59 4870 0.028 M(Q,,Q:)] (180.00,440.00)  (210.00,540.00) :
Tz (mmHg) — 75.81£9.02 73.45+830 7872 0.005|| JJLEF(mgl, 13.00 14.00 002 0005
I A7 (K /min) 20.77+4.08 22.18+4.24 12.393 <0.001 M(Q.,Q:)) (9.00,20.00) (10.00,23.80) : ’
AR (C) 36.90+0.56 36.74+0.86 5608 0.018/| PT [s,M(Q,,05)) 16.00(13.50,19.45)16.75(14.03,21.45) 1857 0.173
$p0, 0.97+0.02 0.96 +0.04 10875 0.001|| APTT (s, 33.50 3545 0970 0325
Ul GER et gty M(Q,,Q5)) (29.05, 46.35) (29.90,51.43) : :
WBC(X10’/L,x%s)  1415£10.75 14.3849.70 0052 0820| INR(M(Q,,0,))  140(120,180) 150(1.30,2.00) 1523 0217
HCT (v £5) 032+0.08 0.310.07 0519 0.472|| 24 h IEKAE (1] (%))
Hb(g/L, x+s) 105.00+25.83 101.75+23.37 1.842  0.175||  SUHEREIE 148(58.04) 103(55.38) 0311 0.577
MCH (pg,x£s) 30.18£2.38 30.23+2.57 0.043  0.835|| Mtk 171(67.06) 139(74.73) 3032 0.082
MCHC (g/L, x+s) 328.68+17.76 3229041628 12233 <0.001|| ZAMEEHG 17(6.67) 22(11.83) 3554 0.059

T - SALD Sy ERAE TR, APSTI Ry 2 kA B2 0P 0 1, SOFA Sh 51

FEEEEWITSY, LODS 4 Logistic 4 B HBEREATIES, OASIS A4

HER RO EAR AT, SAPS IR 2tk A Bl 1T, WBC D9 2RI AL, HOT v i8I LL %Y, Hb ML, MCH ZL40 13

L2131 i, MCHC S £0 401 F- 2 M 20486 (T, MCV 20 4R 2 ARFR

, RBC HZLYIMI3%0, RDW NLL40M0 /015 SEE , Alb HHEH,

PLT M/ MR, ALT BTN ERREE &N, AST J RAETREE, TBil M MARZI 2, ALP MU HEBEFATE , BUN I PR ZA, PT %I 5
Al APTT S iG Ak ER - BEINLTE BEES 1], INR A EBRFRUECL AR, ICU M EE W% 55 5 1 mmHg=0.133 kPa
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