Clinical Epidemiology Dove

ORIGINAL RESEARCH

Albumin Level is Associated with Short-Term and
Long-Term Outcomes in Sepsis Patients Admitted
in the ICU: A Large Public Database Retrospective
Research

Yan Cao', Yingjie Su?, Cuirong Guo?, Liudang He?, Ning Ding(®?

'Department of Emergency Medicine, Hunan Provincial People’s Hospital (The First Affiliated Hospital of Hunan Normal University), Changsha,
Hunan Province, People’s Republic of China; 2Department of Emergency Medicine, The Affiliated Changsha Central Hospital, Hengyang Medical
School, University of South China, Changsha, Hunan Province, People’s Republic of China

Correspondence: Ning Ding, Department of Emergency Medicine, The Affiliated Changsha Central Hospital, Hengyang Medical School,
University of South China, No. 161 Shaoshan South Road, Changsha, Hunan, 410004, People’s Republic of China, Tel +86731-8566-7935,
Email doctordingning@sina.com; doctordingning@ | 63.com

Objective: This study aimed to explore the relationship between albumin level with short- and long-term outcomes in sepsis patients
admitted in the intensive care unit (ICU) based on a large public database to provide clinical evidence for physicians to make
individualized plans of albumin supplementation.

Methods: Sepsis patients admitted in the ICU in MIMIC-IV were included. Different models were performed to investigate the
relationships between albumin and mortalities of 28-day, 60-day, 180-day and 1-year. Smooth fitting curves were performed.
Results: A total of 5357 sepsis patients were included. Mortalities of 28-day, 60-day, 180-day and 1-year were 29.29% (n = 1569),
33.92% (n = 1817), 36.70% (n = 1966) and 37.71% (n = 2020). In the fully adjusted model (adjusted for all potential confounders),
with each 1g/dL increment in albumin level, the risk of mortality in 28-day, 60-day, 180-day and 1-year decreased by 39% (OR = 0.61,
95% CI: 0.54-0.69), 34% (OR = 0.66, 95% CI: 0.59-0.73), 33% (OR = 0.67, 95% CI: 0.60-0.75), and 32% (OR = 0.68, 95% CI:
0.61-0.76), respectively. The non-linear negative relationships between albumin and clinical outcomes were confirmed by smooth
fitting curves. The turning point of albumin level was 2.6g/dL for short- and long-term clinical outcomes. When albumin level <2.6g/
dL, with each 1g/dL increment in albumin level, the risk of mortality in 28-day, 60-day, 180-day and 1-year decreased by 59% (OR =
0.41, 95% CI: 0.32-0.52), 62% (OR = 0.38, 95% CI: 0.30-0.48), 65% (OR = 0.35, 95% CI: 0.28-0.45), and 62% (OR = 0.38, 95% CI:
0.29-0.48), respectively.

Conclusion: Albumin level was associated with short- and long-term outcomes in sepsis. Albumin supplementation might be
beneficial for septic patients with serum albumin<2.6g/dL.
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Introduction

Albumin, as a significant protein and accounting for nearly one half of the total proteins in plasma, plays an important
role in various physiological procedures.! Albumin not only regulates the acid—base balance and fluid distribution in the
body, but also serves as a transporter of many substances including drugs and hormones.”” Previous studies have
explored the relationships between albumin level and clinical outcomes in many disorders including malignant tumor,”
hepatic disease,” pancreatitis,® infectious disease’ and even in COVID-19.* One study with 100,529 participants and
a median follow-up of 8.5 years revealed that with each 1g/dl decrease in plasma albumin, the hazard ratios (HR) for

ischemic heart disease, myocardial infarction and stroke were 1.17, 1.25 and 1.46, respectively.’
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Albumin also has been identified to have partly anti-inflammatory effects and be beneficial to the patients with
sepsis.'® In sepsis, a recent study showed that when admission serum albumin was < 2.45 g/dL and the lowest serum
albumin was < 1.45 g/dL during hospitalization, the probability of survival in hospital declined by 70.6% and 76.4%,
respectively.'! However, few studies have investigated the effects of albumin level on long-term outcomes in sepsis and
few definitive randomized controlled trials have been done to explore an outcome benefit of albumin supplementation in
sepsis patients.

Hence, we aimed to explore the relationship between albumin level with short- and long-term outcomes in sepsis
based on a large public database to provide clinical evidence for physicians to make individualized plans for patients.

Methods

Database and Patients
Medical Information Mart for Intensive Care IV (MIMIC-IV) database (https://mimic.mit.edu/iv/) is a large critical-care

database that is an updated version of MIMIC-III. It covers more than 70,000 patients admitted in the intensive care unit
(ICU) in a prolonged period time from 2008 to 2019 in Beth Israel Deaconess Medical Center of Boston and contains
comprehensively clinical and laboratory data of patients.'*'* Our retrospective study was based on the MIMIC-IV and
the corresponding author (N.D.) passed the Protecting Human Research Participants exam (N0.32900964) for obtaining
the utility of the database.

Sepsis patients admitted in the ICU in MIMIC-1V were included in the study and the definition of sepsis was on the
basis of Sepsis 3.0,'*'® which referred that the infection plus sequential organ failure assessment (SOFA) score >2 points.
Exclusion criteria included as follow: (1) patients with missing data of albumin; (2) patients with missing data of > 5%
variables; (3) age less than 18-year-old.

Data Extraction and Variables
Data extraction in MIMIC-IV was implemented by PgAdmin4 which was applied for running structure query lan-
guage (SQL).

First, the basic information of each patient including age, gender, marital status, ethnicity, comorbidities, ICU departments,
scores of SOFA and chronic health evaluation (APACHEII), length of stay (LOS) in ICU and hospital, and clinical outcomes
including (28-day mortality, 60-day mortality, 180-day mortality and 1-year mortality) were extracted.

Second, variables including vital signs and laboratory findings were extracted when patients were admitted in ICU within
24 hours and only the first value of each variable in 24 hours was enrolled in our study. Variables including heart rate (HR),
respiratory rate (RR), systolic blood pressure (SBP), diastolic blood pressure (DBP), alanine aminotransferase (ALT), lactate,
hematocrit, aspartate aminotransferase (AST), prothrombin time (PT), thrombin time (TT), red blood cell (RBC), white blood
cell (WBCQ), total bilirubin, total calcium, creatinine, urea nitrogen, RBC distribution width (RDW), hemoglobin, hematocrit,
bicarbonate, platelet (PLT), anion gap (AG), chloride, sodium, lactate and international normalized ratio (INR) were extracted.

Statistical Analysis

Statistical analysis was performed by EmpowerStats (http://www.empowerstats.com) and the software packages

R (http://www.R-project.org).

First, based on the quartiles of albumin level, all the sepsis patients were distributed into four groups (Q1 (<2.3g/dL, n =
1073), Q2 (2.4-2.7g/dL, n = 1584), Q3 (2.8-3.1g/dL, n = 1261), Q4 (=3.2g/dL, n = 1439)) (Table 1). Variables were
demonstrated and compared as follows: (1) medians for continuous variables, and percentages or frequencies for categories
variables; and (2) data analyzed by Chi-squared test and Mann—Whitney U-test. Second, univariable analysis for short- and long-
term outcomes in sepsis was conducted. Third, relationships between albumin and different clinical outcomes in three models
were explored as follows: crude model (adjusted for none), model I (adjusted for age and gender) and model II (adjusted for all
potential confounders including age, gender, HR, SBP, DBP, RR, renal disease, CAD, diabetes, hypertension, AG, ALT, AST, PT,
TT, RBC, WBC, total bilirubin, total calcium, bicarbonate, creatinine, chloride, lactate, hematocrit, hemoglobin, PLT, RDW, urea
nitrogen, sodium, INR, SOFA, and APACHEII). Then, albumin level was changed into the categorical variable as Q1-Q4 and the
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Table | Baseline Characteristics of the Study Population

Albumin (g/dL) (Quartiles)

Comorbidities (n,%)
Hypertension

CAD

Renal disease

Diabetes

Vital signs

HR (beats/min)

RR (beats/min)

SBP (mmHg)

DBP (mmHg)
Laboratory variables
ALT (IU/L)

AST (IU/L)

PT (s)

TT (s)

RBC (¥10'%/L)

WBC (¥10°/L)

Total bilirubin (umol/L)
Total calcium (mmol/L)
Creatinine (umol/L)

Urea nitrogen (mmol/L)
RDW (%)

Hemoglobin (g/dL)
Hematocrit (%)
Bicarbonate (mmol/L)
PLT (*10°/L)

AG (mmol/L)

Chloride (mmol/L)
Sodium (mmol/L)

INR

Lactate (mmol/L)
Scoring systems (IQR)
APACHEII

SOFA

Clinical outcomes (days)
LOS in ICU

LOS in hospital

28-day mortality (n,%)
60-day mortality (n,%)
180-day mortality (n,%)
I-year mortality (n,%)

1105 (20.63%)
489 (9.13%)
239 (4.46%)
164 (3.06%)

97.00 (83.00-112.00)
21.00 (17.00-25.00)
111.00 (97.00-128.00)
63.00 (53.00-74.00)

30.00 (17.00-67.00)
45.00 (25.00-103.00)
15.40 (13.30-20.10)
32.90 (28.70-40.70)
3.44 (2.92-3.99)

12.30 (7.60-18.30)
13.68 (6.84-32.49)
2.00 (1.87-2.15)
123.76 (79.56-203.32)
4,64 (2.98-7.96)

15.60 (14.20-17.50)
10.20 (8.70—11.80)
31.50 (27.10-36.20)
21.00 (18.00-25.00)
182.00 (I 15.00-265.00)
16.00 (13.00-19.00)
103.00 (98.00—107.00)
138.00 (134.00-141.00)
1.40 (1.20-1.90)

2.00 (1.40-3.20)

12.00 (9.00-15.00)
3.00 (2.00-5.00)

5.40 (2.44-11.84)
12.92 (7.05-22.71)
1569 (29.29%)
1817 (33.92%)
1966 (36.70%)
2020 (37.71%)

235 (21.90%)
81 (7.55%)
54 (5.03%)
23 (2.14%)

100.00 (85.00114.00)
21.00 (17.00-26.00)
109.00 (96.00—125.00)
62.00 (52.00-73.00)

27.00 (15.00-58.00)
45.00 (25.00—104.00)
16.00 (13.90-20.40)
34.60 (29.50-43.20)
325 (2.78-3.71)

13.30 (8.10-19.80)
13.68 (6.84-37.62)

190 (1.75-2.02)

114.92 (70.72-203.32)
4.98 (2.98-8.13)

16.00 (14.60—18.00)
9.60 (8.20-11.10)
29.90 (25.70-34.20)
20.00 (17.00-24.00)
189.00 (108.00-295.00)
15.00 (12.00-18.00)
104.00 (99.00—109.00)
137.00 (133.00-141.00)
1.50 (1.30-1.90)

2.20 (1.40-3.50)

12.00 (10.00-16.00)
3.00 (2.00-5.00)

6.77 (3.05-13.09)
14.27 (7.68-23.85)
440 (41.01%)
487 (45.39%)
521 (48.56%)
525 (48.93%)

317 (20.01%)
134 (8.46%)
59 (3.72%)
52 (3.28%)

99.00 (84.00-114.00)
21.00 (17.00-25.00)
110.00 (97.00-127.00)
63.00 (52.00-73.00)

31.00 (17.00-69.00)
47.00 (26.00-103.00)
15.65 (13.50-19.90)
33.25 (28.90-41.00)
334 (2.87-3.84)

12.80 (7.70~19.10)
13.68 (6.84-34.20)

1.97 (1.85-2.10)

114.92 (79.56-203.32)
481 (2.98-8.13)

15.70 (14.30-17.50)
10.00 (8.60—11.40)
30.55 (26.50-35.00)
21.00 (18.00-24.00)
181.00 (113.00-262.50)
15.00 (13.00-18.00)
103.00 (99.00-108.00)
138.00 (134.00-141.00)
1.40 (1.20-1.80)

2.00 (1.40-3.00)

12.00 (9.00-15.00)
3.00 (2.00-5.00)

5.6 (2.58-11.52)
13.02 (7.39-22.57)
446 (28.16%)
512 (32.32%)
553 (34.91%)
571 (36.05%)

Variables Total QI (£2.3) Q2 (2.4-2.7) Q3 (2.8-3.1) Q4 (23.2)
Number 5357 1073 1584 1261 1439

Age(years) 66.00 (55.00-76.00) 64.00 (54.00-75.00) 66.00 (55.00-76.00) 66.00 (56.00-77.00) 66.00 (55.00-76.00)
Gender (n,%)

Male 3068 (57.27%) 572 (53.31%) 893 (56.38%) 744 (59.00%) 859 (59.69%)
Female 2289 (42.73%) 501 (46.69%) 691 (43.62%) 517 (41.00%) 580 (40.31%)

268 (21.25%)
129 (10.23%)
50 (3.97%)
47 (3.73%)

96.00 (81.00—112.00)
20.00 (17.00-25.00)
111.00 (96.00-127.00)
63.00 (53.00-74.00)

31.00 (17.00-75.00)
45.00 (24.00-102.00)
15.10 (13.20-19.80)
32.40 (28.50-39.40)
3.49 (2.98-4.00)

12.00 (7.40-17.60)
11.97 (6.84-27.36)
2.02 (1.90-2.15)

123.76 (79.56-203.32)
481 (3.15-7.96)

15.50 (14.20-17.20)
10.30 (8.90—11.90)
32.00 (27.70-36.50)
21.00 (18.00-25.00)
180.00 (I 19.00-259.00)
16.00 (13.00-19.00)
103.00 (98.00-108.00)
138.00 (135.00-141.00)
1.40 (1.20-1.80)

190 (1.30-3.10)

12.00 (9.00-15.00)
3.00 (2.00-4.00)

4.64 (2.18-10.74)
11.77 (6.64-20.70)
325 (25.77%)
376 (29.82%)
409 (32.43%)
424 (33.62%)

285 (19.81%)
145 (10.08%)
76 (5.28%)
42 (2.92%)

96.00 (81.00-110.00)
21.00 (17.00-25.00)
113.00 (98.00—132.00)
63.00 (53.00-77.00)

29.00 (17.00-67.00)
41.00 (24.00-101.00)
14.80 (12.80-20.55)
32.30 (28.20-39.90)
3.72 (3.12-4.22)

11.40 (7.50-16.70)
13.68 (6.84-32.49)
2.12 (2.00-2.25)

123.76 (88.40-194.48)
448 (2.82-7.63)

15.30 (14.00-17.20)
11.00 (9.20-12.50)
34.00 (28.80-38.30)
22.00 (19.00-25.00)
180.00 (118.00-252.00)
17.00 (14.00-20.00)
101.00 (96.00-105.00)
137.00 (134.00-141.00)
1.40 (1.20-1.90)

2.00 (1.40-3.20)

12.00 (9.00—15.00)
3.00 (2.00-5.00)

530 (2.23-11.91)
12.74 (6.98-23.26)
358 (24.88%)

442 (30.72%)

483 (33.56%)

500 (34.75%)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HR, heart rate; RR, respiratory rate; WBC, white blood cells; PLT, platelet; RDWY, red blood cell distribution width; RBC, red blood cells; PT, prothrombin time; TT,
thrombin time; AG, anion gap; INR, international normalized ratio; SOFA, sequential organ failure assessment; APACHE, acute physiology and chronic health evaluation;
LOS, length of stay; ICU, intensive care unit; IQR, interquartile ranges.

relationships with clinical outcomes in three models were also explored. Fourth, after adjusted for all potential confounders, the

smooth fitting curves were constructed for illuminating the associations of albumin level and different clinical outcomes by

a generalized additive model. Fifth, two models including model I (linear model) and model II (two-segment nonlinear model)
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were compared. The P value of the log-likelihood ratio test determined the better model. If P>0.05, it indicated that the better was
linear model. If not, the nonlinear model was selected and the turning point of albumin level was confirmed by recursive
algorithm. Finally, the subgroups analyses between albumin level and different variables by stratified models were investigated.

Results

General Information and Baseline Variables of the Cohort

In our study, a total of 5357 sepsis patients were included and the associated flow chart is displayed in Figure 1. The median age
of the cohort was 66 and males accounted for 57.27% in total (Table 1). ALmost half (43.61%) of the patients were married and
66.34% were white (Supplementary Table 1). Around a fifth (20.63%) of the patients had hypertension and nearly one half were
admitted in Medical ICU(MICU) department (Supplementary Table 1). The median days of LOS in ICU and hospital were 5.40
and 12.92, respectively. The median scores of SOFA and APACHEII were 3.00 and 12.00, respectively. Mortalities of 28-day,
60-day, 180-day and 1-year were 29.29% (n = 1569), 33.92% (n= 1817), 36.70% (n = 1966) and 37.71% (n = 2020). In Table 1,
different variables were also compared and analyzed between four groups based on quartiles of serum albumin levels. In Q1

group (serum albumin <2.3g/dL), the mortalities of the 28-day, 60-day, 180-day and 1-year were all the highest compared with
Q2-Q4 groups, which were 41.01%, 45.39%, 48.56% and 48.93%, respectively.

Univariate Analyses for Short- and Long-Term Outcomes in Sepsis

In Table 2, univariate analyses for mortalities of 28-day, 60-day, 180-day and 1-year in sepsis were performed. Variables including
age, CAD, renal disease, RR, PT, TT, total bilirubin, total calcium, creatinine, urea nitrogen, RDW, AG, INR, lactate, SOFA, and
APACHEII were positively associated with mortalities of the short- and long-term. Variables including diabetes, RBC,
hemoglobin, hematocrit, chloride, sodium and albumin were negatively associated with mortalities of the short- and long-term.

Relationship Between Albumin and Different Clinical Outcomes in Three Models
In Supplementary Table 2, three models were constructed to explore the relationship between albumin level and clinical

outcomes: crude model adjusted for none, model 1 adjusted for age and gender, and model II adjusted for all potential
confounders. In model II, with each 1g/dL increment in albumin level, the risk of mortality in 28-day, 60-day, 180-day and
1-year decreased by 39% (OR = 0.61, 95% CI:0.54-0.69), 34% (OR = 0.66, 95% CI1:0.59-0.73), 33% (OR = 0.67, 95% CI: 0.60—

Sepsis patients in the MIMIC-1V(n=9592)

Patients excluded(n=2553):
Missing data of serum albumin(n=2553)

A4

Sepsis patients were included (n=7039)

Patients excluded(n=1682):
1. Missing data of>5% variables (n=1682) —»|
2. Age less than 18(n=0)

A

Sepsis patients were included in the study(n=5357)

N\~

28-day mortality group 60-day mortality group 180-day mortality group 1-year mortality group

Figure | Flow chart and study design.
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Table 2 Univariate Analysis for Short-Term and Long-Term Outcomes in Sepsis

Variables

Univariable (OR,95% CI)

(28-Day Mortality)

Univariable (OR,95% CI)

(60-Day Mortality)

Univariable (OR,95% CI)

(180-Day Mortality)

Univariable (OR,95% CI)

(1-Year Mortality)

Age (years)
Gender

Male

Female
Hypertension

No

Yes
CAD

No

Yes
Diabetes

No

Yes
Renal disease

No

Yes
HR (beats/min)
RR (beats/min)
SBP (mmHg)
DBP (mmHg)
ALT (IU/L)
AST (IU/L)
PT (s)
TT (s)
RBC (¥10'2/L)
WBC (*10°/L)
Total bilirubin (umol/L)
Total calcium (mmol/L)
Creatinine (umol/L)
Urea nitrogen (mmol/L)
RDW (%)
Hemoglobin (g/dL)
Hematocrit (%)
Bicarbonate (mmol/L)
PLT (*10°/L)
AG (mmol/L)
Chloride (mmol/L)
Sodium (mmol/L)
INR
Lactate (mmol/L)
Albumin (g/dL)
SOFA
APACHEII

1.02 (1.01, 1.02)

Ref.
0.99 (0.88, 1.12)

Ref.
0.95 (0.82, 1.10)

Ref.
1.13 (0.93, 1.38)

Ref.
0.62 (0.43, 0.91)

Ref.

1.38 (1.05, 1.81)
1.00 (1.00, 1.00)
1.01 (1.01, 1.02)
1.00 (0.99, 1.00)
1.00 (0.99, 1.00)
1.00 (1.00, 1.00)
1.00 (1.00, 1.00)
1.02 (1.01, 1.02)
1.01 (1.01, 1.01)
0.82 (0.76, 0.89)
1.00 (1.00, 1.01)
1.06 (1.04, 1.07)
1.06 (1.00, 1.12)
1.06 (1.03, 1.09)
1.01 (1.01, 1.01)
1.14 (1.12, 1.17)
0.96 (0.93, 0.98)
0.99 (0.98, 1.00)
0.99 (0.98, 1.00)
1.00 (1.00, 1.00)
1.05 (1.04, 1.06)
0.98 (0.97, 0.98)
0.99 (0.98, 1.00)
117 (1.12, 1.23)
120 (1.17, 1.24)
0.67 (0.61, 0.74)
1.21 (1.18, 1.25)
1.09 (1.07, 1.10)

1.01 (1.01, 1.02)
Ref.
1.07 (0.95, 1.19)
Ref.

0.90 (0.78, 1.04)

Ref.
123 (1.02, 1.49)

Ref.
0.68 (0.48, 0.97)

Ref.

1.48 (1.14, 1.92)
1.00 (1.00, 1.00)
1.01 (1.00, 1.02)
1.00 (0.99, 1.00)
1.00 (0.99, 1.00)
1.00 (1.00, 1.00)
1.00 (1.00, 1.00)
1.02 (1.01, 1.02)
1.01 (1.01, 1.01)
0.78 (0.73, 0.85)
1.00 (1.00, 1.01)
1.06 (1.05, 1.08)
1.10 (1.04, 1.17)
1.05 (1.02, 1.08)
1.01 (1.01, 1.01)
1.17 (1.14, 1.19)
0.94 (0.92, 0.97)
0.98 (0.98, 0.99)
1.00 (0.98, 1.01)
1.00 (1.00, 1.00)
1.04 (1.03, 1.05)
0.98 (0.97, 0.98)
0.99 (0.98, 1.00)
1.17 (1.12, 1.23)
1.19 (1.16, 1.23)
0.72 (0.66, 0.79)
1.21 (1.18, 1.25)
1.08 (1.07, 1.10)

1.01 (1.01, 1.02)
Ref.
1.02 (0.91, 1.14)
Ref.

0.89 (0.78, 1.03)

Ref.
126 (1.04, 1.52)

Ref.
0.71 (050, 0.99)

Ref.

1.61 (1.24, 2.09)
1.00 (1.00, 1.00)
1.01 (1.00, 1.02)
1.00 (0.99, 1.00)
1.00 (0.99, 1.00)
1.00 (1.00, 1.00)
1.00 (1.00, 1.00)
1.01 (1.01, 1.02)
1.01 (1.01, 1.01)
0.78 (0.73, 0.84)
1.00 (0.99, 1.00)
1.06 (1.04, 1.07)
1.12 (1.06, 1.19)
1.05 (1.02, 1.09)
1.01 (1.01, 1.01)
1.17 (1.15, 1.20)
0.94 (0.92, 0.96)
0.98 (0.97, 0.99)
1.00 (0.99, 1.01)
1.00 (1.00, 1.00)
1.04 (1.03, 1.05)
0.97 (0.97, 0.98)
0.98 (0.98, 0.99)
115 (1.10, 1.21)
1.17 (1.14, 1.20)
0.74 (0.67, 0.81)
1.20 (1.17, 1.24)
1.08 (1.07, 1.10)

1.01 (1.01, 1.02)
Ref.
1.00 (0.89, 1.11)
Ref.

0.88 (0.77, 1.01)

Ref.
130 (1.07, 1.56)

Ref.
0.70 (0.50, 0.98)

Ref.

1.59 (1.23, 2.06)
1.00 (1.00, 1.00)
1.01 (1.00, 1.02)
1.00 (0.99, 1.00)
1.00 (0.99, 1.00)
1.00 (1.00, 1.00)
1.00 (1.00, 1.00)
1.01 (1.01, 1.02)
1.01 (1.01, 1.01)
0.77 (0.72, 0.83)
1.00 (0.99, 1.00)
1.06 (1.04, 1.07)
1.13 (1.07, 1.20)
1.06 (1.03, 1.10)
1.01 (1.01, 1.01)
1.17 (1.15, 1.20)
0.94 (091, 0.96)
0.98 (0.97, 0.99)
1.00 (0.99, 1.01)
1.00 (1.00, 1.00)
1.04 (1.03, 1.05)
0.98 (0.97, 0.98)
0.99 (0.98, 0.99)
115 (1.10, 1.21)
1.17 (1.14, 1.20)
0.75 (0.69, 0.82)
1.21 (1.18, 1.25)
1.08 (1.07, 1.10)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart
rate; RR, respiratory rate; WBC, white blood cells; PLT, platelet; RDVY, red blood cell distribution width; RBC, red blood cells; PT, prothrombin time; TT, thrombin time; AG, anion gap;
INR, international normalized ratio; APACHE, acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment; OR, odds ratio; Cl, confidential interval.

0.75), and 32% (OR =0.68, 95% CI:0.61-0.76), respectively. In addition, albumin level was changed into the categorical variable
as Q1-Q4 and the relationships with clinical outcomes in three models were also explored. In model II, the values of OR in Q4
group for all clinical outcomes were the lowest: 0.42 for 28-day mortality (95% CI:0.34-0.51), 0.47 for 60-day mortality (95%
CI:0.38-0.57), 0.47 for 180-day mortality (95% CI:0.38-0.57,), and 0.48 for 1-year mortality (95% CI:0.40-0.59).
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A Non-Linear Relationship Between Albumin Level and Clinical Outcomes

In Table 3, two models including model I (the linear model) and model II (two-segment non-lincar model) were
constructed and compared. For all four types of clinical outcomes, the P values of the log-likelihood ratio test were
all <0.05, which demonstrated that model II was a better fit to depict the relationship between albumin level and clinical
outcomes. The turning point of albumin level for clinical outcomes was 2.6g/dL. On the left side (<2.6g/dL), with each
1g/dL increment in albumin level, the risk of mortality in 28-day, 60-day, 180-day and 1-year decreased by 59% (OR =
0.41, 95% CI:0.32-0.52), 62% (OR = 0.38, 95% CI:0.30-0.48), 65% (OR = 0.35, 95% CI: 0.28-0.45), and 62% (OR =

Table 3 The Threshold Effect for Analysis Between Albumin and Clinical Outcomes

Number (%) OR (95% Cl)

28-day mortality

Model I: The linear model 5357 (100%) 0.61 (0.54, 0.69)
Model II: Two-segment non-linear model
The turning point of albumin (g/dL)

<2.6 (slope 1)

>2.6 (slope 2)

2318 (43.27%)
3039 (56.73%)

0.41 (032, 0.52)
0.79 (0.66, 0.94)

Slope 2 to slope | 1.93 (1.35, 2.75)
Predicted at 2.6 =1.0I (-=1.11, —=0.91)
P for the log-likelihood ratio test <0.001

60-day mortality
Model I: The linear model 0.66 (0.59, 0.73)
Model II: Two-segment non-linear model
The turning point of albumin (g/dL)

<2.6 (slope I)

>2.6 (slope 2)

2318 (43.27%)
3039 (56.73%)

0.38 (0.30, 0.48)
0.90 (0.76, 1.07)

Slope 2 to slope |
Predicted at 2.6
P for the log-likelihood ratio test
180-day mortality
Model I: The linear model
Model II: Two-segment non-linear model
The turning point of albumin (g/dL)
<2.6 (slope I)
>2.6 (slope 2)
Slope 2 to slope |
Predicted at 2.6
P for the log-likelihood ratio test
|-year mortality
Model I: The linear model
Model ll: Two-segment non-linear model
The turning point of albumin (g/dL)
<2.6 (slope 1)
>2.6 (slope 2)
Slope 2 to slope |
Predicted at 2.6
P for the log-likelihood ratio test

2318 (43.27%)
3039 (56.73%)

2318 (43.27%)
3039 (56.73%)

239 (1.69, 3.37)
~0.85 (~0.94, —0.75)
<0.001

0.67 (0.60, 0.75)

0.35 (0.28, 0.45)
0.97 (0.82, 1.14)
2.73 (1.95, 3.84)
~0.75 (~0.85, —0.66)
<0.001

0.68 (0.61, 0.76)

0.38 (0.29, 0.48)
0.96 (0.82, 1.13)
2.55 (1.82, 3.58)
~0.70 (~0.79, —0.60)
<0.001

Notes: Model | and Il adjusted for: age; gender; HR; SBP; DBP; RR; renal disease; CAD; diabetes; hypertension; AG;
ALT, AST, PT; TT; RBC; WBC; total bilirubin; total calcium; bicarbonate; creatinine; chloride; lactate; hematocrit;
hemoglobin; PLT; RDW; urea nitrogen; sodium; INR; SOFA; APACHEII.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAD, coronary artery disease;
SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; RR, respiratory rate; WBC, white blood
cells; PLT, platelet; RDW, red blood cell distribution width; RBC, red blood cells; PT, prothrombin time; TT,
thrombin time; AG, anion gap; INR, international normalized ratio; APACHE, acute physiology and chronic health
evaluation; SOFA, sequential organ failure assessment; OR, odds ratio; Cl, confidential interval.
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Figure 2 Smooth fitting curves demonstrated the non-linear relationships between albumin level and mortalities of 28-day (A), 60-day (B), 180-day (C) and I-year (D).

0.38, 95% CI: 0.29-0.48), respectively. On the right side (>2.6g/dL), the risk of 28-day mortality still significantly
declined (OR = 0.79, 95% CI:0.66—0.94), while for mortalities of 60-day (OR = 0.90, 95% CI:0.76—-1.07), 180-day (OR =
0.97, 95% CI:0.82—1.14), and 1-year (OR = 0.96, 95% CI:0.82—1.13), the risk declined insignificantly.

The four smooth fitting curves were performed in Figure 2. For 28-day mortality, the significantly negative non-linear
relationship was confirmed. For mortalities of 60-day, 180-day and 1-year, the non-linear relationships were still found.

Kaplan—Meier Analysis for Cumulative Hazard of Mortality

Figure 3 highlighted that in Q1 group (<2.3g/dL), there was a significantly higher cumulative hazard of 1-year mortality
by Kaplan—Meier analysis. In Supplementary Figure 1, Kaplan—-Meier analysis for cumulative hazard of mortalities of
28-day (A), 60-day (B) and 180-day (C) in sepsis based on quartiles of albumin level (Q1-Q4) were demonstrated.

Subgroup Analysis

In Supplementary Table 3, the subgroups analyses between albumin level and different variables by stratified models
were explored. Patients who got higher levels of total bilirubin (>23.9umol/L) and total calcium (>2.20mmol/L) and
lower levels of chloride (<99mmol/L) and RBC (<3.09%10'%/L) had increased risk of short-term and long-term

mortalities.
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Figure 3 Kaplan—Meier analysis for cumulative hazard of |-year in sepsis based on quartiles of albumin level (Q1-Q4).

Discussion

In the present study, several main points were concluded. First, albumin level was associated with short-term and long-
term outcomes in sepsis. The non-linear relationships between albumin and clinical outcomes were found. Second, when
albumin level <2.6g/dL, with each 1g/dL increment in albumin level, the risk of mortality in 28-day, 60-day, 180-day and
1-year decreased by 59%, 62%, 65% and 62%, respectively. To the best of our knowledge, this was the first study to
explore the relationship between albumin level and outcomes in sepsis in MIMIC-IV.

In adults, serum albumin was conducive to delicately regulating osmotic pressure and vessel permeability as well as
carrying exogenous and endogenous compounds for contributing to physiological functions.'® Albumin supplementation
has been broadly utilized in various severe conditions including shock, trauma and sepsis.'” In addition, albumin level
has been applied as an indicator for sensitively and effectively reflecting the condition of nutrition, organ function and
physical activity.'®

In sepsis, patients were more likely to have lower levels of serum albumin, which were closely associated with poor
prognosis.'” ' One prospective cohort study demonstrated that albumin level was an important predictor for 28-day
mortality in sepsis, and 29.2g/L was the best threshold value with good sensitivity and specificity.®* In sepsis with acute
kidney injury, the albumin level was an independent indicator for both 28-day and 90-day mortality (HR = 0.75, 95% CI:
0.62-0.90 and HR = 0.73, 95% CI: 0.63-0.86, respectively) based on a retrospective study.”* In elderly sepsis patients,
albumin level <2.6 g/dL was a prognostic factor with 30-day mortality even after adjusting for age, gender, and
comorbidities.”* Moreover, in septic and septic shock patients admitted in emergency department, the initial albumin
level was identified to be the largest contributor to clinical outcomes.”> One recent retrospective study with 725 sepsis
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patients showed that a lower level of serum albumin with <2.5 g/dL was linked with 1-year mortality,*® which was partly
similar with our research, but many more patients were included in our study.

Our research revealed that decreased levels of albumin were significantly associated with poor prognosis in sepsis.
Some potential mechanisms could explain this phenomenon. First, sepsis causes systemic inflammatory factors increas-
ing significantly, which could impair the function of vascular endothelium and increase the permeability of capillary
vessels. Then, albumin may leak into the outside of vessels, resulting in a decrease in the level of plasma albumin, which
significantly increases the risk of poor outcomes.?’ In addition, increased levels of cytokines may influence the gene
expression and catabolism of albumin, and also lower the concentration of plasma albumin.?® Second, physiologically,
albumin is synthesized in the liver and liver function may be impaired in sepsis, leading to the synthesis deficiency of
albumin.?® Third, inflammation damages the renal function, lead to proteinuria by upregulating glomerular infiltration
and cause the leakage of albumin.>® Moreover, in sepsis, gastrointestinal function is usually injured partly, which affects
the absorption of nutrients and causes malnutrition status.®' All in all, the level of serum albumin in sepsis might be an
indicator of inflammatory response, capillary leakage and organ dysfunction, which are associated with the prognostic
role of plasma albumin in septic patients.

The present study has many strengths. First, the inclusion criterion is based on the definition of sepsis 3.0, which is
more in line with the latest definition of sepsis. The MIMIC-IV database is a large public database, which spans more
than one decade. It has a large sample size and is representative of the US population. Second, this study adjusted for
more than thirty variables to exclude the potential effects of confounding factors as many as possible. Third, the
relationship between albumin level and clinical outcomes was non-linear, and 2.6g/dL was the inflection point. When
albumin level <2.6g/dL, the lower the albumin level, the higher the risk of mortality. With each 1g/dL increment in
albumin level, the risk of mortality in 28-day, 60-day, 180-day and I-year decreased by 59%, 62%, 65% and 62%,
respectively. Therefore, albumin supplementation might be beneficial for septic patients with serum albumin<2.6g/dL.
Fourth, albumin, as a single and easily available index, is convenient for physicians to implement in clinical practice. Our
study might help physicians to evaluate the prognosis in sepsis and make individualized plans for patients.

However, some limitations in our study could not be avoided. First, it was a retrospective study based on public
database in US Selection bias may exist and the application of our results could be limited in other countries and
populations. Second, due to lack of some data, subclinical diseases such as subclinical nonalcoholic fatty liver disease
which could confound our results were not included. However, we have comprehensively adjusted the potential
confounders including different organ function variables. Third, hypoalbuminemia can be caused by various conditions,

35 which were considered as risk

including hepatic cirrhosis,’” heart failure,>® malignant cancer,’® and malnutrition,
factors for the poor prognosis. Although we enrolled the variables including morbidities and lab findings as many as
possible for analysis, not all the factors could be included due to the lack of some data in MIMIC-IV. Fourth, our research
did not investigate the association between albumin infusion as a therapeutic intervention and patient’s outcomes. Further
studies of randomized controlled trials need to be conducted to validate our conclusions and further recommendations

can be performed based on clinical utility of these findings.

Conclusion

Albumin level was associated with short-term and long-term outcomes in sepsis. The non-linear negative relationships
between albumin and clinical outcomes were confirmed. Albumin supplementation might be beneficial for septic patients
with serum albumin<2.6g/dL.
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