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Dynamic Serum Albumin Changes and Incremental
Prognostic Value in Sepsis-Associated Acute Lung Injury:
A Longitudinal-Survival Analysis Using the MIMIC-IV

Database

Peng Fang!,Shuai Xu's, Lei Jin!

1 Emergency Department , Wenzhou TCM Hospital of Zhejiang
Chinese Medical University,Wenzhou 325000,Zhejiang China

Objective This study aims to evaluate the impact of early dynamic changes in serum
albumin levels—encompassing baseline values upon admission and short-term rate of
change—on 28-day outcomes in patients with sepsis-associated acute lung injury
(ALI), and further assess whether this dynamic marker provides independent

prognostic value beyond traditional risk factors.

Methods Based on the MIMIC-IV database, 3,071 patients with sepsis complicated
by acute lung injury (ALI) were retrospectively included. Using all repeated albumin
measurements within 0~~72 hours after ICU admission, a longitudinal-survival joint
model was constructed to estimate the association between current albumin levels and
their rate of change with 28-day all-cause mortality risk. A nested model strategy was
employed to assess incremental predictive value. Secondary outcomes included
90-day mortality and ventilator-free days at 28 days. Dynamic albumin analysis is
mainly applicable to patients who have had at least two albumin measurements within

a period of 0 to 72 hours.

Results This study found that each 0.5 g/dl decrease in current albumin level was
independently associated with an increased risk of 28-day mortality (hazard ratio
[HR] = 1.289, 95% confidence interval [CI]: 1.196~1.390, P < 0.001). Meanwhile,
among patients with at least two albumin measurements, a steeper decline in albumin

levels also significantly increased the risk of death (HR=1.991, 95% CI: 1.048 ~
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3.781, P = 0.035). Fluid balance and oxygenation status significantly modified the
prognostic effect of albumin (interaction P < 0.05). Adding static albumin to the
clinical baseline model improved the AUROC from 0.710 to 0.716; further inclusion
of dynamic albumin increased it to 0.727. The calibration slope was favorable (0.958),
and the model incorporating dynamic albumin demonstrated positive net benefit
within clinically reasonable threshold probability ranges. These findings were further

confirmed by sensitivity analyses.

Conclusions Early dynamic albumin (especially the current level and the rate of
decline) is independently associated with the short-term mortality risk of patients with
sepsis complicated by ALI, and provides additional incremental predictive
information beyond traditional clinical indicators. Dynamic albumin can serve as an
auxiliary indicator to complement the existing risk stratification system. The clinical
value of this approach still requires further verification through prospective and

multi-center studies.

[ Keywords] Sepsis; Acute Lung Injury; Serum Albumin; MIMIC-IV Database
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3.49 ~ >3.5g/dl) FIRRBIVESLTTHESR T - BT 0~72 h WHEBWEH L
RET 1R, X 1066 fil (34.7%) £EZEDAE2RKME, shSHMZBHM T
Bafsph R o i 3 B0 A T LA

2.4 kP, AERSSIRT RE

[FE AL EEN ]




http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202610.00020
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202610.00020V1

FREUAN ICU J5 24h, 48h, 72h A1, 24 /NN PaO2/FiO2 DL
H & PaO/Fi0: B X W #H ., 5% ¥ K 45 H H
83.6%, 83.6%, 83.6%, 100%, 100% - (fffF# 1)

2.5 W54

FHELEF N 28 RERIET-R, BIM ICU ABIES 28 RIGERILTRE -
WELERARE: (1) 90 REFEFLTE,;, (2) 28 RIEMIRHLIREL, &L HA
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A5 N 3071 I Ik &= E & JF ALl B, 28 K AFTE 2303
(75.0%) , ET-768 fil (25.0%) ° SFEAMIL, FHTHFEBRFEKR (72
% vs 65%) ~SOFASFE (84 vs64) ~ HBMKFEFRE (2.9 vs
2.1 mmol/L) ~ A& MREFZ (PaO2/FiO2 86.6 vs 118.8) , “HAZEFHE
Giit=#E L (P#<0.001) ° 0~72 /NTEh &4t A H, ST HEIRAEH
(2.7 vs 3.0g/dl) KEMEAEE (2.6 vs 2.9g/dl) HEFEMRTEEH, 72
INEF BRI R B (38.6 vs 24.0mli/kg) o ESERAE, BT
‘H A% AEE AR TEEH (13.3% vs 26.7%, P<0.001) |, $27RIEARSE
B A EE R PR E SR A Be A M mE (R 1) o I aArd, 0~
72 /NEFFERTS 4717 ik AR EWE, FANERECH 1k (IQR: 1~2)
HA11066 il (34.7%) Z=/F 2 kWE, 37561 (12.2%) =0F 3 kNE
I RE s fR] HHAZ BN ICU S5 16.23 /0B (IQR: 3.12~40.17 /M) - (B A
3, R#E3) 24 /NN RIREEBEREERN 27.4%, 72 /NIRRT ERE
FH16.4% (MffkFE4) -

1. BREIE: % 28 REFRSSE (n(%),M (Q1,Q3) )

28 X F 28 X % T

’Eé‘ =
FHIE =& (n=3071) (a=2303) (n=768) PfE
N 3071 2303 768
ANOGEit 2 R 1E
Fig, % 67.0 (55.0~~77.0)  65.0 (53.0~76.0) ;3’3) 610 ™" 5001
7 1240 (40.4) 906 (39.3) 334 (43.5) 0.047
BRI ERES & HIE
SOFA ¥4 (EHH) 7.0 (5.0~9.0) 6.0 (4.0~-9.0) 8.0 (6.0~11.0)  <0.001
Charlson & FHHE7 2.0 (1.0~4.0) 2.0 (1.0~4.0) 3.0 (1.0~5.0) <0.001
fj'm?m&’ mmollL (0~24 ) (1.5~4.0) 2.1 (1.4~3.6) 29(1.7~53)  <0.001
o . N 1120 (72.0 ~ 1188 (782 ~ 866 (57.1 ~
%7 PaO,/FiO, (0~24h) 172.0) 177.5) 150.0) <0.001
o A (0~
}’j; f% ARDS R (0~24 2382 (77.6) 1763 (76.6) 619 (80.6) 0.023
B|EXRF (0~24h)
ME T2 1997 (65.0) 1417 (61.5) 580 (75.5) <0.001
B O LE S 2709 (88.2) 2037 (88.4) 672 (87.5) 0.521
B IETT 185 (6.0) 116 (5.0) 69 (9.0) <0.001
HEH S B4

Ve = ~
;E; LS gf'ﬂ—“'a = (0o~7 2.9 (2.5~3.4) 3.0 (2.6~3.4) 2.7 (2.2~3.2) <0.001
=) ; paz4 ~
E?ﬁ;'dlﬂa 5 (0~ 7 2.8 (2.4~3.3) 2.9 (2.5~33) 2.6 (2.1~3.1)  <0.001

HZE A H{E (0~72h) 717 (23.3) 615 (26.7) 102 (13.3) <0.001
386 (146 ~

72 h BRRARFE#, mlkg — 27.2 (5.9~64.8)  24.0 (3.2~55.8) 85.0) <0.001
REIEEL, kg/m? 27.6 (23.7~-34.1)  27.6 (24.0~34.0) _5,471.2) (234 ™ (875
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R &5 R

ICU fEREfA], K 5.0 (2.6~9.5) 5.2 (2.8~9.8) 4.3 (2.0~8.5) <0.001
90 KAET: 936 (30.5) 168 (7.3) 768 (100.0) <0.001
28 RICFFIRHLREL, K 25.0 (12.0~27.0)  26.0 (25.0~27.0) 0.0 (0.0~0.0) <0.001

B / Legend. ELTRUAFME [UpAfE] 2R, PREBEUFE (Botl) #R,
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3.2 R EADSn
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EUERTA DN =k i S S e S i AR et N = e =V DRy DI =i e 6 ==
JRER - AN, MR 4 M RE 5 o AlER T 1% 24 /N ik 5 & H 0 R
90 KAl 28 K Kaplan-Meier £ 774k, SESIER—E, KREELHLERF
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MEREBHIE (288 3,071 flEE)

5.0 — BFEE
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3.3 £ HFESHT

NI - A AFER AR E R KA (322) |, 7E Model 19, HFTHEBHBREL
0.5g/dl, 28 KIE T K& hn4) 29% (HR=1.289, 95%Cl: 1.196~
1.390 , P<0.001) - 7 Model 2 / , % B A& {89 %% N F 58

(HR=1.455, 95%Cl: 1.262~1.677, P<0.001) , HEH FERXRE
0.5g/dl/ X & & ¥ fn %6 - K & ( HR=1.991 , 95%Cl : 1.048 ~
3.781, P=0.035) - thZEH, FHEK ~ FLER S - Charlson & FIE
Fa5 T LK PaO2/FiO2 RIS AFE T ML B R E, 7 M SIm R —2 -
FHNE 4R THAEEERES 28 RIET KNSRI IE K BE « ZER IEER -
PEH] ~ Charlson & IHEFEEL ~ & H SOFA PE4 ~ 24 /NS N i = FLER M Fc 2 A
EfREUE, 2 ABET EEA S AIKFEREL 0.59/d1 550 T XSG Nk 3748 %

(Model 1) - EZEDEZWRAEDRNPTAS, BEBEYKENTE
MR AR IR FELE (Model 2) ; RIRF, ZILAHEFHEASH FRERREN
0.59/dI RS SET- AL BEAOIARR (Model 3) -
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B &F HR P
i (BRI ) ey
Charlson ¥4 (G811 1 57) 1:(32) (1.065 ~ ;001

w a H A SOFATES (AN 15)) iggj) (1036 ~ ;001

1 B IUiR (N 1 mmol/L) 112;‘) (o0 = o<.001
7% PaOy/FiO, (FHHEHN 1 4-H4) gzggg) 099~ ;001
HETAEH (BR(K0.5 gdl) 1:522) e o<.001
e (BN L) Do T oo

<

NVAN /_‘i A
Charlson 757 (5501 157) 1.118 (1.064~1.174)  0.001

& H SOFA #¥5r (BHin145) 1027 (0981~

1.075) 0.253

B e y
=) s

; i FUER (B0 1 mmol/L) 1.112 (1.071~1.154)  0.001

= . , . 0.996 0994 ~ <
535 PaOFIO, (FEHANT 1/ Hfr) (

0.998) 0.001
N | 1455 (1262 ~ <
N7 yaz4 5. 1%
YETHEH (B 0.5 g/dl) 1.677) 0.001
1.991 (1.048 ~
= & I}
HEH TR (8 0.5 gdU/XK) 3.781) 0.035

B / Legend. &5 FN BRI IE/GH HR (95% Cl) & P - Model 1: ®IE&EH
£ F] ~ Charlson ~ B H SOFA ~ 24 h & & LR K & # PaO2/Fi0z; Model 2: £
Modell fUE:R Fin E>2 ilE AT LpI HEEMEES FREME (& 0.59/dl/
K)o MEMELL “EFEK0.59/d1” ~ FEELL “B TP 0.59/dI/ K" i o

HRIRERAKTFSEEE TR AR

g sgeEa{ | —e— P 0001

D MEEES (2% | | ——— Pil <0001

M3 TRME (22%) { | . Pl = 0035
1.0 1.5 2.0 25 3.0 35 40

BAERBGLY (95%ATfSRIE)

Ha4. hXAEHRES 28 R T NRRHKRIERE (FHKE)
i / Legend. R BLAMEIR A RN —Cox A IE HR & 95% Cl - Model
1. YBEHEEH (%0 0.59/dl) ; Model 2: >2 KIMNETATRILUITEEL (B
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0.5 g/dl) ; Model 3: [FE—ILHMHEEH FERPR (& 0.59/dl/K)  ° BIEER ~ M50
Charlson ~ EH SOFA -~ 24 h HE#LR M &7 Pa02/FiO2 °

3.4 ALl FRR A8 B AHT
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S5 L H HEAKFZRFERELERN (BXEH P<0.05) |, FERAIEFH
FHHEREE T, K& AT L TR 08EF BN - R0, A&
REFEIEZEZTENEM (BCH P<0.05) , Bl PaOx/FiO: #f%#E, KHEH
FARHVIE T KBS IGIEARR o Bt A BUFR R, AR 047 5 7 B AR SEULAE ] BE 7
[RIG55 (K B &R BRI AAMTIUE 820, XL T 3 & B XS T AL A+ DR

Flt e

BEH x 72 /NESRiREE
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B / Legend. & TRIEEARTN 28 KL -k, RRABIHERS 24 h &=
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3.5 WETINME

AR IE T IR E AR B E BRI R ' ME R3) o Hiflln
PR &) % IE AUROC / 0.710; B M ABSHEARRAE
0.716 (AAUROC=+0.006) ; LishSAEBAEREHSTERE, AUROC #H—
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	血清白蛋白动态变化对脓毒症合并急性肺损伤患者预后的增量预测价值：一项基于MIMIC-IV数据库的纵向生存分析
	[摘要]
	目的 本研究旨在评估脓毒症相关急性肺损伤（ALI）患者中，早期血清白蛋白的动态演变（涵盖入院时基线值及短期变化速率）对28天预后的影响，并进一步验证该动态指标在传统风险因素之外是否具备独立的预后增益效能。
	方法 基于MIMIC-IV数据库，回顾性纳入3071例脓毒症合并ALI患者。利用入ICU后0～72小时内的所有重复白蛋白测量数据，构建纵向-生存联合模型，估计白蛋白的当前水平和变化斜率与28天全因死亡风险的关联。采用嵌套模型策略评估增量预测价值。次要结局包括90天死亡率和28天无呼吸机天数。动态白蛋白分析主要限于0～72 h内至少完成2次白蛋白测量的患者。
	结果 本研究发现，当前白蛋白每降低0.5g/dl与28天死亡风险增加独立相关（HR=1.289，95%CI：1.196～1.390，P<0.001）；与此同时在至少2次白蛋白测量的患者中，白蛋白下降斜率亦显著增加死亡风险（HR=1.991，95%CI：1.048～3.781，P=0.035）。其中液体平衡和氧合状态对白蛋白的预后效应具有显著修饰作用（交互P<0.05）。在临床基准模型（AUROC=0.710）的基础上，加入静态白蛋白后提升至0.716；加入动态白蛋白后进一步提升至0.727。校准斜率良好（0.958），而含动态白蛋白的模型在临床合理阈值概率范围内具有正向净获益。以上结果得到了敏感性分析的进一步验证。
	结论 早期动态白蛋白（尤其是当前水平和下降速度）与脓毒症合并ALI患者短期死亡风险独立相关，并在传统临床指标基础上提供更多的增量预测信息。动态白蛋白可作为现有风险分层体系的补充辅助指标，其临床决策价值仍需前瞻性、多中心研究进一步验证。
	[关键词] 脓毒症；急性肺损伤；白蛋白；MIMIC-IV 数据库；动态预后标志物
	中图分类号：R631；R563.8 文献标识码：A
	Dynamic Serum Albumin Changes and Incremental Prognostic Value in Sepsis-Associated Acute Lung Injury: A Longitudinal-Survival Analysis Using the MIMIC-IV Database
	Peng Fang1,Shuai Xu1▲,Lei Jin1
	1 Emergency Department ，Wenzhou TCM Hospital of Zhejiang Chinese Medical University,Wenzhou 325000,Zhejiang China
	Objective This study aims to evaluate the impact of early dynamic changes in serum albumin levels—encompassing baseline values upon admission and short-term rate of change—on 28-day outcomes in patients with sepsis-associated acute lung injury (ALI), and further assess whether this dynamic marker provides independent prognostic value beyond traditional risk factors.
	Methods Based on the MIMIC-IV database, 3,071 patients with sepsis complicated by acute lung injury (ALI) were retrospectively included. Using all repeated albumin measurements within 0～72 hours after ICU admission, a longitudinal-survival joint model was constructed to estimate the association between current albumin levels and their rate of change with 28-day all-cause mortality risk. A nested model strategy was employed to assess incremental predictive value. Secondary outcomes included 90-day mortality and ventilator-free days at 28 days. Dynamic albumin analysis is mainly applicable to patients who have had at least two albumin measurements within a period of 0 to 72 hours.
	Results This study found that each 0.5 g/dl decrease in current albumin level was independently associated with an increased risk of 28-day mortality (hazard ratio [HR] = 1.289, 95% confidence interval [CI]: 1.196～1.390, P < 0.001). Meanwhile, among patients with at least two albumin measurements, a steeper decline in albumin levels also significantly increased the risk of death (HR=1.991, 95% CI: 1.048～3.781, P = 0.035). Fluid balance and oxygenation status significantly modified the prognostic effect of albumin (interaction P < 0.05). Adding static albumin to the clinical baseline model improved the AUROC from 0.710 to 0.716; further inclusion of dynamic albumin increased it to 0.727. The calibration slope was favorable (0.958), and the model incorporating dynamic albumin demonstrated positive net benefit within clinically reasonable threshold probability ranges. These findings were further confirmed by sensitivity analyses.
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