L))

Check for
u

ipdates
Original Article Page 1 of 12

Total bilirubin is associated with all-cause mortality in patients
with acute respiratory distress syndrome: a retrospective study
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Background: Acute respiratory distress syndrome (ARDS) is a life-threatening disease for which
biomarkers to predict mortality are needed. Total bilirubin (TBIL), an end-product of hemoglobin
catabolism in mammals reflecting liver dysfunction, has been demonstrated as an independent risk indicator
for critically ill patients. This study aimed to examine whether TBIL on intensive care unit (ICU) admission
is associated with ARDS mortality.

Methods: We analyzed the data of patients diagnosed with ARDS according to the Berlin definition
from the Medical Information Mart for Intensive Care IV (MIMIC-IV) database. The primary endpoint
was 30-day ICU mortality after admission to the ICU, and the second endpoint was in-hospital mortality.
Multivariable logistic analysis adjusted for potential confounders was used to determine the association
between TBIL and short-term mortality.

Results: Of 1,539 ARDS patients enrolled, 261 patients died within 30 days of admission to the ICU. In
the multivariable logistic analysis, each 1 g/dL increase in TBIL levels led to a 4% increase in the odds of
30-day ICU mortality [adjusted odds ratio (OR) =0.04; 95% confidence interval (CI): 0.01 to 0.08] and a 4%
increase in the odds of in-hospital mortality (adjusted OR =0.04; 95% CI: 0.01 to 0.07). Furthermore, TBIL
levels >2 mg/dL were significantly associated with 30-day ICU mortality (adjusted OR =1.51, 95% CI: 1.02
to 1.07) and in-hospital mortality (OR =1.41; 95% CI: 1.01 to 1.87). Similarly, associations between serum
TBIL levels and 30-day ICU mortality were found in all subgroups stratified by comorbidities, the severity
of ARDS, and other variables.

Conclusions: A higher serum TBIL on ICU admission was independently associated with mortality in
ARDS patients. Intensive care and observation should be provided to ARDS patients with increased TBIL.
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Introduction

Acute respiratory distress syndrome (ARDS) is a
relatively common and life-threatening clinical syndrome
characterized by acute respiratory failure, hypoxemia, and
non-hydrostatic pulmonary edema (1,2). Globally, ARDS
accounts for 10% of intensive care unit (ICU) admissions
and 23% of mechanical ventilations, affecting approximately
3 million individuals annually (3). The hospital mortality
for ARDS ranges from 24% to 46% and is positively
correlated with the degree of lung injury severity at onset
(3,4). A recent prospective cohort study suggested that the
prevalence of ARDS in ICU patients with sepsis resulted in
increased in-hospital mortality (27-37%) and other poor
outcomes (5).

Given the high mortality of ARDS, it is crucial to
identify the biomarkers for early identification of ARDS
patients who might require aggressive treatment. Previous
studies have shown that high levels of inflammatory serum
mediators, including interleukin (IL)-2, IL-15, and Decoy
receptor (DcR) 3, are associated with mortality in patients
with ARDS, while an elevated ratio of T-regulatory cells
(Tregs) to lymphocytes in bronchoalveolar lavage fluid
independently predicted 30-day ICU mortality (6-8).
However, these parameters are not routine lab indices
and are obtained via invasive procedures. Various scoring
systems have also been used to predict the mortality
of ARDS patients; the Lung Injury Score (LIS) is the
most commonly used and consists of four criteria: chest
radiograph, hypoxemia score, positive end-expiratory
pressure (PEEP) score, and respiratory system compliance
score (7,9). However, it is unlikely that such scoring systems
will be adopted at the beginning of ICU admission since
most patients may lack complete examinations.

Bilirubin, an endogenous bile pigment, is derived
primarily from hemoglobin catabolism (10). Briefly, when
old or damaged erythrocytes are engulfed and degraded by
macrophages, hemoglobin will be released and broken down
into two main components, the globin, and the hemes. The
globin is reused for erythropoiesis, while the hemes are
degraded into unconjugated bilirubin (UCB). Next, UCB, a
lipid-soluble molecule, is carried to the liver and converted
to conjugated bilirubin (CB) with the addition of glucuronic
acid (11).

The serum total bilirubin (TBIL), a combination of
UCB and CB, is a simple and routine examination indicator
known as a biomarker of liver dysfunction. Numerous
investigations have suggested that a mild elevation of serum
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bilirubin within the normal range provides a protective
effect on health through its potent antioxidant, anti-
inflammatory, immunomodulatory, and anti-excitotoxic
properties (12-15). However, when serum TBIL exceeds
a specific concentration, it paradoxically exerts a toxic
influence on the body by inducing oxidative stress,
inflammation, apoptosis/necrosis, and excitotoxicity (16-19).
Hyperbilirubinemia, or jaundice, has been associated with
mortality and other poor outcomes in critical illnesses,
affecting 40% of critically ill patients (20-22). Liver-
lung interactions have been well documented previously,
suggesting that hepatic dysfunction is a relevant clinical
condition that affects the development and progression
of ARDS (23,24). A British prospective cohort study
found that elevated serum TBIL levels on ICU admission
correlated with ARDS development in sepsis (25), and
admission TBIL was independently correlated with 60-day
ARDS mortality in sepsis-related patients (26). Similarly, a
French retrospective study found that TBIL in the initial
phase of ARDS was associated with 90-day mortality (27).
However, the association between TBIL on ICU admission
and mortality in ARDS patients remains largely unknown.
Therefore, the present study aimed to evaluate whether
TBIL on ICU admission was associated with mortality in
patients with ARDS by using the Medical Information Mart
for Intensive Care (MIMIC)-IV database. We present the
following article in accordance with the STROBE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-1737/rc).

Methods
Data sources

All data were obtained from the MIMIC-IV, an updated
version of MIMIC-III, which is a single-center and freely
accessible database containing 383,220 admissions from
2008 to 2019 in the ICU of Beth Israel Deaconess Medical
Center in Boston, MA, USA (28). We completed the online
course and passed the online exams (No. 6182750) to access
the database. The establishment of the MIMIC III database
was approved by the Institutional Review Board of Beth
Israel Deaconess Medical Center (Boston, MA, USA) and
the Massachusetts Institute of Technology (Cambridge, MA,
USA). One author (ZC) obtained access to the database and
was responsible for the data extraction (certification No.
39645558). The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).
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256,878 patients were identified from MIMIC-IV database

Y

Excluded:

* Age <18 years old: 180,338

e Not first ICU admission: 54,150

e Patients stayed in ICU <72 hours: 6,169

16,221 patients were selected

!

2,344 patients were diagnosed with ARDS according to the Berlin criteria

Y

~| o Patients had missing value of serum total bilirubin: 805

Excluded:

1,539 patients were included in the study

v

v

1,278 patients survived within 30 days

261 died within 30 days

Figure 1 Overview of the current study. The values of serum total bilirubin were from the admission lab. MIMIC-IV, Medical Information

Mart for Intensive Care-IV; ICU, intensive care unit; ARDS, acute respiratory distress syndrome.

Participants

The selection of study participants is shown in Figure 1.
We screened all the patients in the database. Our inclusion
criteria were as follows: age >18 years, an ICU stay of more
than 72 hours, an ARDS diagnosis meeting the Berlin
criteria at the time of ICU admission, and TBIL levels
taken within 24 hours of ICU admission. For patients
admitted to the ICU more than once, we only used the data
of the first ICU admission. The Berlin criteria included
the following: acute onset, arterial oxygen partial pressure
(PaO,)/fraction of inspired oxygen (FiO,) <300 mmHg,
positive end-expiratory pressure (PEEP) >5 emH,0O on
the first day of ICU admission, bilateral infiltrates on chest
radiograph, and absence of heart failure (29). The open-
source MIMIC Chest X-Ray (MIMIC-CXR) was used to
identify the patients based on the Berlin criteria (30).
According to the Berlin criteria, ARDS severity was
classified as mild (>200 mmHg, <300 mmHg), moderate
(>100 mmHg, <200 mmHg), and severe (<100 mmHg)
based on the PaO,/FiO, ratio. Based on a previous study
on bilirubin, patients were stratified into three groups
according to their TBIL levels 24 hours after admission as
follows: (I) serum TBIL level <1.2 mg/dL, (II) serum TBIL
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level between 1.2 mg/dL and 2 mg/dL, (III) and serum
TBIL level >2 mg/dL (31).

Data collection and outcomes

We used the Structured Query Language (SQL) software
(IBM Corp., Armonk, NY, USA) to extract the data from
the MIMIC-IV database. We extracted or calculated the
following variables: age, gender, admission type, ventilation
status [invasive (including tracheostomy and positive
pressure ventilation via endotracheal tube) and non-invasive
(including non-invasive positive pressure ventilation, high
flow nasal oxygen/cannula, and supplemental oxygen)],
baseline measured parameters [including total bilirubin,
platelets, white blood cell, alkaline phosphatase (ALP),
alanine transaminase (ALT), aspartate aminotransferase
(AST), and serum glucose], comorbidity [including
pneumonia, hypertension, chronic obstructive pulmonary
disease (COPD), renal failure, rheumatic disease, cancer,
and diabetes mellitus], vital data taken within 24 hours of
ICU admission [heart rate, temperature, respiratory rate,
systolic blood pressure (SBP), diastolic blood pressure
(DBP)], SpO,, PaO,/Fi0O,, PEEP, and the Oxford Acute
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Severity of Illness Score (OASIS) at diagnosis (32). The
missing data of these values were less than 5% and replaced
using linear interpolation.

The primary outcome in this study was 30-day ICU
mortality after admission to ICU. In-hospital mortality was
defined as the secondary outcome.

Statistical analysis

The descriptive results were presented as means =
standard error (SE) for continuous variables and frequency
(weighted percentages) for categorical variables. The TBIL
baseline levels were analyzed both as a continuous and
categorical variable (three groups). We tested differences in
characteristics between the groups (survival or death within
30 days of admission to the ICU) with Student’s #-tests
for the continuous variables and i’ tests for the categorical
variables. The odds ratio (OR) and 95% confidence interval
(CI) for mortality per 1 mg/dL increase in TBIL levels in
the three TBIL groups were estimated using both univariate
and multivariate logistic regression models. Besides the
unadjusted model, potential covariates were progressively
adjusted in three models: Model 1 was adjusted for age and
gender; Model 2 was additionally adjusted for pneumonia,
hypertension, COPD, renal failure, cancer, and diabetes
mellitus; and Model 3 was further adjusted for admission
type, SpO,, PEEP, ALP, ALT, AST, serum glucose, and
OASIS score. Restricted cubic spline models were used
to estimate the dose-response relationship between TBIL
levels and outcomes.

To further explore whether the association between
TBIL levels and 30-day ICU mortality was modified by age,
gender, admission type, and comorbidities, we performed
subgroup analyses by gender (male or female), age group
(<60 or >60 years), hypertension (yes or no), pneumonia (yes

Zheng et al. Total bilirubin and mortality in ARDS patients

or no), renal failure (yes or no), diabetes (yes or no), ARDS
classification (mild, moderate, or severe) and admission
type (urgent, emergency, or elective), and examined
interactions by likelihood ratio tests. All statistical analyses
were performed using R version 3.6.1 (R Foundation for
Statistical Computing, Vienna, Austria). A two-tailed
P<0.05 was considered significant.

Results
Patient characteristics

A total of 1,539 ARDS patients were enrolled in this cohort
study (Figure I). The characteristics of the study population
are shown in 7able 1. The total group had a mean age of
62.3+16.3 years, and most were male (56.7%). Of these
patients, 261 (17.0%) died in the ICU within 30 days.
Compared to the survivors, cases who died within 30 days
were older (66.6+16.0 vs. 61.4x16.2, P<0.001) and more
likely to have comorbidities, such as renal failure (18.4%
vs. 11.9%, P=0.006) and cancer (20.3% vs. 12%, P<0.001),
but less likely to have diabetes mellitus (23.8% vs. 30%,
P=0.049). Regarding the baseline vital indexes, non-survivors
had lower heart rate levels, temperature, respiratory rate,
blood pressure, SpO,, and PaO,/FiO, but higher PEEP
levels. Compared with survivors, those who died showed a
higher level of TBIL, ALP, and AST. The rate of invasive
ventilation was significantly higher in non-survivors than in
Survivors.

Outcomes across different levels of TBIL

All cases were stratified into three groups according to
their TBIL levels at baseline and displayed different clinical
outcomes, as shown in Table 2. Of the 1,539 participants,

Table 1 Baseline characteristics of ARDS patients involved in the study

Variables Total, N=1,539 30-day survivor, N=1,278 30-day ICU death, N=261 P value
Age (years) 62.3+16.3 61.4+16.2 66.6+16.0 <0.001
Male gender 872 (56.7) 729 (57.0) 143 (54.8) 0.548
Admission type 0.003

Urgent 231 (15.0) 208 (16.3) 23(8.8)

Emergency 1,086 (70.6) 881 (68.9) 205 (78.5)

Elective 222 (14.4) 189 (14.8) 33 (12.6)

Table 1 (continued)
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Table 1 (continued)

Variables Total, N=1,539 30-day survivor, N=1,278 30-day ICU death, N=261 P value

Comorbidity
Pneumonia 692 (45.0) 580 (45.4) 112 (42.9) 0.507
Hypertension 649 (42.2) 531 (41.5) 118 (45.2) 0.306
COPD 54 (3.5) 44 (3.4) 10 (3.8) 0.9
Renal failure 200 (13.0) 152 (11.9) 48 (18.4) 0.006
Rheumatic disease 60 (3.9) 53 (4.1) 7(2.7) 0.348
Cancer 206 (13.4) 153 (12.0) 53 (20.3) <0.001
Diabetes mellitus 446 (29.0) 384 (30.0) 62 (23.8) 0.049

Baseline vital data
Body temperature (°C) 37.1(36.7, 37.5) 37.1(36.7, 37.6) 36.8 (36.4, 37.1) <0.001
Heart rate (beats/min) 101 (86, 118) 102 (87, 119) 97 (81, 113) <0.001
Respiratory rate (breaths/min) 23 (19, 28) 23 (19, 28) 22 (18, 27) 0.017
SBP (mmHg) 130.8+26.4 132.4+26.4 122.7+24.6 <0.001
DBP (mmHg) 75.8+21.1 76.9+21.0 70.3+20.9 <0.001
MBP (mmHg) 89.8+21.5 91.0+£21.6 83.9+20.1 <0.001
SpO, (%) 97.5+4.0 97.7+£3.7 96.7+5.2 <0.001
PaO,/FiO, (mmHg) 130.0 (83.3, 190.0) 130.0 (82.9, 190.0) 126.7 (86.0, 190.0) 0.945
PEEP (cmH,0) 10.7 (7.0, 14.0) 10.2 (7.0, 13.9) 12.0 (8.0, 15.0) <0.001

Baseline measured parameters
Total bilirubin (mg/dL) 1.6+£3.2 1.5+£2.8 2.2+4.6 <0.001
Platelets (x10°%L) 209.0 (136.0, 289.0) 211.5(139.0, 293.5) 198.0 (129.0, 269.0) 0.086
White blood cell (x10%/L) 12.4 (8.5, 17.4) 12.4 (8.4, 17.3) 12.6 (9.0, 18.4) 0.107
ALP (U/L) 82.0 (59.0, 119.0) 79.0 (58.0, 114.0) 95.0 (67.0, 141.0) <0.001
ALT (U/L) 32.0(18.5, 75.0) 32.0(19.0, 71.8) 34.0 (18.0, 81.0) 0.259
AST (U/L) 50.0 (27.0, 117.5) 47.5(27.0, 110.8) 62.0 (32.0, 160.0) 0.002
Serum glucose (mg/dL) 157.0 (122.0, 214.0) 158.0 (124.2, 214.8) 148.0 (112.0, 211.0) 0.01

Ventilation status 0.005
Invasive 1,342 (87.2) 1,100 (86.1) 242 (92.7)
Non-Invasive 197 (12.8) 178 (13.9) 19 (7.3)

Severity score
OASIS 40.8+9.0 40.2+8.9 43.8+9.1 <0.001

Data are means + SD, n (%), and median (IQR). P values comparing groups are from the Student’s t-test or Mann-Whitney test for
continuous data and the chi-squared test for categorical variables. ARDS, acute respiratory distress syndrome; ICU, intensive care unit;
COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure;
SpO,, pulse oxygen saturation; PaO,/FiO,, arterial oxygen partial pressure/fraction of inspired oxygen; PEEP, positive end-expiratory
pressure; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; OASIS, Oxford Acute Severity of lliness
Score.
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Table 2 Outcomes of ARDS patients across different concentrations of total serum bilirubin

Total serum bilirubin (mg/dL)

Outcomes All patients P value
<1.2 >1.2, <2 >2

Patients, n (%) 1,539 1,077 (70.0) 204 (13.3) 258 (16.8) -

30-day ICU mortality 261 (17.0) 170 (15.8) 36 (17.6) 55 (21.3) 0.1

In-hospital mortality 418 (27.2) 268 (24.9) 69 (33.8) 81 (31.0) 0.008

LOS in ICU (day) 6.8 (4.5, 11.6) 6.8 (4.5, 11.7) 7.4(4.7,11.9) 6.4 (4.6,10.2) 0.375

LOS in hospital (day) 14.7 (9.0, 22.9) 14.1 (8.7, 22.1) 15.5 (9.9, 22.2) 15.6 (10.0, 25.0) 0.026

Data are displayed as the median (IQR) and n (%). P values comparing groups are the chi-squared test for categorical variables. ARDS,
acute respiratory distress syndrome; ICU, intensive care unit; LOS, length of stay.

Table 3 Relationship between total serum bilirubin and outcomes in different models

Outcomes Non-adjusted, OR (95% ClI) Model 1, OR (95% ClI) Model 2, OR (95% ClI) Model 3, OR (95% Cl)

30-day ICU mortality

TBIL per 1 mg/dL
TBIL category

<1.2 mg/dL

>1.2, <2 mg/dL

>2 mg/dL
In-hospital mortality

TBIL per 1 mg/dL
TBIL category

<1.2 mg/dL

>1.2, <2 mg/dL

>2 mg/dL

1.04 (1.01, 1.08)*

Reference
1.14(0.77, 1.70)
1.45 (1.03, 2.03)*

1.03 (1.01, 1.06)*

Reference

1.54 (1.12, 2.13)*
1.38 (1.03, 1.86)*

1.07 (1.04, 1.11)*

Reference
1.14(0.77, 1.70)
1.64 (1.16, 2.32)*

1.06 (1.03, 1.10)*

Reference

1.54 (1.1, 2.13)*
1.57 (1.16, 2.14)*

1.07 (1.03, 1.11)*

Reference
1.13 (0.75, 1.69)
1.51 (1.06, 2.15)

1.05 (1.02, 1.09)*

Reference

1.53 (1.10, 2.13)*
1.47 (1.07, 2.01)*

1.04 (1.01, 1.08)"

Reference
1.30 (0.85, 1.99)
1.51 (1.02, 2.22)*

1.04 (1.01, 1.07)*

Reference

1.65 (1.17, 2.33)"
1.41(1.01, 1.87)

Model 1: adjusted for age and gender. Model 2: further adjusted for pneumonia, hypertension, COPD, renal failure, cancer, and diabetes
mellitus. Model 3: further adjusted for admission type, SpO,, PEEP, ALP, ALT, AST, serum glucose, and OASIS score. *P<0.05. OR, odds
ratio; Cl, confidence interval; ICU, intensive care unit; TBIL, total bilirubin; COPD, chronic obstructive pulmonary disease; SpO,, pulse oxygen

saturation; PEEP, positive end-expiratory pressure; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase.

258 (16.8%) cases had a TBIL level >2 mg/dL. Overall,
there were lower rates of in-hospital mortality in cases
with higher TBIL levels compared to those with TBIL
levels <2 mg/dL (P=0.008). However, the 30-day ICU
mortality did not reach statistical significance (P=0.1).
Patients with higher TBIL levels had a longer length
of stay in the ICU and hospital (P=0.375 and P=0.026,
respectively). ICU-LOS appears not different between
groups (P=0.375). Furthermore, ICU-LOS in patients
with TBIL >2 mg/dL is shorter (6.4 days) compared to
all other groups (6.8 and 7.4 days, respectively).

© Annals of Translational Medicine. All rights reserved.

Primary outcome

Table 3 shows the relationship between TBIL levels and
mortality at baseline as continuous and categorical variables,
respectively. When the TBIL levels were analyzed as a
continuous variable, TBIL was significantly associated
with higher 30-day ICU mortality (OR =1.04; 95% CI:
1.01 to 1.06) in the unadjusted logistic regression model.
After adjustment for multiple covariates, the association
remained significant in the multivariate logistic regression
models, indicating that each 1 mg/dL increase resulted in a

4% increase in 30-day ICU mortality (Model 3: OR =1.04;
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Figure 2 Dose-response relationship between TBIL levels and clinical outcomes. (A) TBIL and 30-day ICU mortality. (B) TBIL and in-

hospital mortality. TBIL, total bilirubin; ICU, intensive care unit.

95% CI: 1.01 to 1.08). When the TBIL levels were treated
as categorical variables, patients with TBIL levels >2 mg/dL
had a higher risk of 30-day ICU mortality in the main
model (OR =1.51; 95% CI: 1.02 to 2.22), while those with
TBIL levels between 1.2 and 2 mg/dL showed a statistically
significant difference according to the lowest TBIL levels in
the main model (OR =1.30; 95% CI: 0.85 to 1.99). The OR
and 95% CI for each of the covariates in the relationship
between TBIL and 30-day ICU mortality are shown in
Table S1.

The dose-response analysis using a restricted cubic
spline model is shown in Figure 2A. There was a nearly
linear relationship between the TBIL levels and the odds
of 30-day ICU mortality after adjustment for multiple
potential covariates in Model 3 (Table 3) (P value for
nonlinear =0.373).

Secondary outcome

The association between TBIL and in-hospital mortality
was in line with the primary outcome. An increase of
1 mg/dL of serum TBIL led to a 4% increase in in-hospital
mortality after adjustment for multiple covariates (Table 3)
(Model 3: OR =1.04; 95% CI: 1.01 to 1.07). Patients with
TBIL >1.2 mg/dL and >2 mg/dL had higher in-hospital
mortality after adjustments in Model 3 (OR =1.65, 95% CI:
1.17 to 2.33; OR =1.41, 95% CI: 1.01 to 1.87, respectively).
A linear relationship was present between TBIL levels and
in-hospital mortality after adjustment in Model 3 (Table 3)
(P for nonlinear =0.441, Figure 2B). The OR and 95% CI
for each of the covariates in the relationship between TBIL

© Annals of Translational Medicine. All rights reserved.

and in-hospital mortality are shown in Table S2.

Subgroup analyses

The subgroup analyses of the association between baseline
TBIL level as a continuous variable and 30-day ICU
mortality are presented in Figure 3. Positive relationships
were seen in the different subgroups stratified by gender,
age, comorbidities, the severity of ARDS, and admission
type, suggesting a consistent association between TBIL and
30-day ICU mortality in all ARDS patients. No statistical
significance was found between intra-subgroups in any of
the subgroups.

Discussion

The present study showed that a higher serum TBIL
level on ICU admission was associated with increased
30-day ICU mortality and in-hospital mortality in ARDS
patients. These associations remained consistent even after
adjustments for multiple covariates, including pneumonia,
renal failure, and biochemical measurements (ALP, ALT,
AST, etc.). Our results also showed a nearly linear dose-
response relationship. Stratified analyses showed generally
consistent associations with the primary outcomes.
Consistent with previous studies (25-27,33), the present
study showed that TBIL, a routine laboratory index of liver
dysfunction, is independently associated with mortality in
certain types of ARDS patients. In 1989, Schwartz et al.
investigated 24 ARDS patients during the first week after
diagnosis and found that TBIL levels in non-survivors were

Ann Transl Med 2022;10(21):1160 | https://dx.doi.org/10.21037/atm-22-1737
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Subgroup Death, n (%) OR (95% Cl) P for interaction
Overall
Crude 261 (17.0) 1.04 (1.01-1.06) <*
Adjusted 1.04 (1.01-1.08) <>
Sex 0.37
Female 118 (17.7) 1.10 (1.03-1.18) ——
Male 143 (16.4) 1.06 (1.02-1.11) HH
Age, years 0.179
<60 92 (14.2) 1.08 (1.03-1.12) -
>60 169 (19.0) 1.00 (0.90-1.12) +—gp—1
Hypertension 0.49
No 143 (16.1) 1.08 (1.03-1.12) = g
Yes 118 (18.2) 1.02 (0.93-1.13)  —gp—i
Pneumonia 0.761
No 149 (17.6) 1.08 (1.03-1.13) -
Yes 112 (16.2) 1.06 (0.99-1.13) —o—
Renal failure 0.661
No 213 (15.9) 1.06 (1.02-1.11) -
Yes 48 (24.0) 1.11 (1.00-1.23) ——
Diabetes 0.761
No 199 (18.2) 1.06 (1.02-1.11) -
Yes 62 (13.9) 1.08 (0.98-1.19) ——
ARDS classification 0.354
Mild 92 (17.1) 1.13 (1.05-1.22) ——i
Moderate 110 (16.8) 1.05 (1.00-1.11) [
Severe 59 (17.1) 1.07 (0.99-1.15) ——
Admission type 0.262
Urgent 23 (10.0) 1.11 (1.00-1.24) ——
Emergency 205 (18.9) 1.06 (1.02-1.11) -
Elective 33 (14.9) 1.24 (1.06-1.46) —e—
O.SI)O 1(0 2!0

Odds ratio (95% Cl)

Figure 3 Subgroup analyses of the associations between total bilirubin values and clinical outcome measures. OR adjusted for variables as

per Model 3 in Table 3 except for the corresponding stratification variable. ARDS, acute respiratory distress syndrome; OR, odds ratio; CI,

confidence interval.

significantly higher than those in survivors (33). In line
with Schwartz ez 4l’s findings, Zhai et 4l. reported that non-
survivors showed consistently higher serial TBIL levels
than survivors of sepsis-related ARDS during a 28-day

observation period (25). The prior study documented that
for each 1.0 mg/dL increase in serum TBIL levels at ICU
admission, sepsis-related 28-day mortality and 60-day
mortality increased by 20% and 18%, respectively (25).
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Also, Sheu et al. investigated 586 ARDS patients using
the American-European Consensus Committee (AECC)
criteria and showed that levels of TBIL in ICU admission
were associated with 60-day mortality (26). A recent post-
hoc analysis assessed the associations between TBIL and
mortality in ARDS patients with PaO,/FiO, <150 mmHg
and found that TBIL was independently correlated with
90-day mortality (27). A TBIL level >33 pmol/L was
considered an effective threshold to identify moderate to
severe ARDS patients with a higher mortality risk (27).

In this study, 1,539 ARDS patients were identified
from a large cohort study. In agreement with Sheu ez al’s
findings (26), we found that each 1 mg/dL increase in serum
TBIL resulted in a slight increase in 30-day ICU mortality
in ARDS patients after adjusting for multiple covariates,
showing a nearly linear dose-dependent association. To
reduce the bias in survival calculation caused by incomplete
observation, the association between TBIL and ARDS in-
hospital mortality was considered the secondary outcome.
Consistently, serum TBIL levels were associated with in-
hospital mortality in ARDS patients. Also, we found that
30-day ICU mortality in patients with serum TBIL levels
>2 mg/dL was higher than those with serum TBIL between
1.2 to 2 mg/dL or those with TBIL <1.2 mg/dL (25),
although statistical significance was not reached. Our results
suggested that TBIL is a potential predictor of mortality in
ARDS patients, indicating that those with elevated TBIL
on ICU admission require a high level of medical attention
and vigilance to avoid death.

Unlike previous reports using the AECC definition (26),
the Berlin definition was adapted to identify ARDS
patients in the present study, and therefore the bias from
misdiagnosis of ARDS was minimized (29,34). Although
the Berlin definition was used in Dizier ez 4L’ findings (27),
only moderate-to-severe ARDS patients were included in
their analysis, whereas the mortality in mild ARDS patients
accounts for approximately 25% of all deaths (3). Therefore,
to the best of our knowledge, this is the first study with
the largest population to report that TBIL levels in ICU
admission are independently associated with mortality in
patients with ARDS.

The subgroup analysis results were consistent with the
main findings. However, we found that the ORs in some
specific patients over 60 years old, with hypertension, severe
ARDS, or with urgent ICU admission were lower than
those in the corresponding subgroups, but this difference
did not reach statistical significance. Given that older age,
female gender, lower blood pressure, renal failure, and
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severe ARDS impact ARDS development and mortality,
the strength of associations in the subgroup analyses may
have been attenuated (1,3). Previous studies have reported
that younger patients are predisposed to experience severe
ARDS and have a significant deterioration, consistent
with our findings (3,29). Additionally, after stratification,
only 230 patients with 23 deaths were included in the
subgroup of patients who had an urgent ICU admission.
Interestingly, subgroup analyses stratified by the severity of
ARDS showed that the OR in the mild ARDS subgroup was
higher than that in the moderate and severe ARDS groups,
suggesting that mild ARDS patients may be more sensitive
and vulnerable to higher TBIL. Due to the potential bias
caused by the reduced sample size in these subgroups, larger
specific populations are needed to validate these results in
the future.

Mechanistically, a growing number of studies have
suggested that liver dysfunction is the major determinant
of the development and mortality in ARDS through the
interactions among respiratory host defenses, systemic
inflammatory responses, and metabolic processes (23,35,36).
In support of our results, a recent study found that
higher circulating cell-free hemoglobin (CFH), one of
the precursors of bilirubin, is an independent risk factor
for acute kidney injury in ARDS patients (37). Similarly,
Shaver et al. reported that CFH contributed to ARDS
severity by enhancing lung permeability and inflammation
in an experimental ARDS mouse model (38). Additionally,
in the context of inflammatory diseases such as acute
lung injury, excess heme, or heme released in certain
pathophysiological contexts may have adverse effects, partly
through mechanisms of vascular endothelial dysfunction and
activation of programmed cell death pathways (39,40). The
functions of bilirubin are considered something akin to a
“Janus face” (11). It is reported that mildly elevated levels of
TBIL have potent antioxidant and other positive benefits (12).
However, hyperbilirubinemia exerts a detrimental effect on
organs and causes severe and irreversible damage, especially
in ARDS (19,23). Several mechanisms may be involved in
this damaging effect. First, available data have suggested that
elevated bilirubin results in oxidative stress and the activation
of local inflammatory responses in lung tissues, including
the infiltration of alveolar macrophages, neutrophils, and
the release of cytokines [IL-1, IL-6, and tumor necrosis
factor (I'NF)-a], which are the pathophysiological features
of ARDS (23,41,42). Second, in vitro and in vivo studies have
shown that bilirubin directly contributes to alveolar epithelial
cell injury (43), leading to the interruption of cell cycles
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and cell apoptosis (16,44,45). Third, bilirubin's amphiphilic
property allows it to bind to the cell membrane, resulting
in ATPase inhibition, lipid peroxidation, and other adverse
outcomes (46). Fourth, increased serum bilirubin levels
have been associated with lung-specific damage by entering
the alveolar airspaces and deteriorating the surface tension
properties of lung surfactants (47). Overall, these potential
mechanisms may explain why TBIL is associated with
mortality in ARDS patients.

Despite the inclusion of a large study population with
ARDS and adjustment for multiple covariates, our study had
some limitations. First, this was a single-center cohort study,
which may restrict the generalization of our conclusion.
Second, we could not exclude the possibility that some
medications may have affected TBIL levels. However, a
previous study found that 17 potentially hepatotoxic drugs
administered to ICU patients had no significant impact
on serum TBIL levels (48). Third, the retrospective study
design did not allow us to determine the causality between
TBIL and mortality of ARDS patients. Fourth, a large
number of patients were excluded because of missing
bilirubin values, which may cause some potential bias to the
results. Last, the small size of our subgroups was another
significant limitation, and a larger population of such
subgroups is recommended in the future to draw a more
robust conclusion.

Conclusions

In conclusion, the present study shows that a higher level
of TBIL on ICU admission is associated with mortality in
ARDS patients. Patients with elevated TBIL require careful
observation and more intensive treatment. Our results
support the need for further large-scale prospective studies
to illustrate the specific causality of this relationship.
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