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Effects of B-blockers therapy on the 28-day and 3-year survival
rates of end-stage renal disease patients with cardiovascular
disease: a retrospective cohort study
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Background: p-blockers have been used in the treatment of end-stage renal disease (ESRD) patients and
cardiovascular disease (CVD) patients, separately. However, the effects of B-blockers on ESRD patients with
CVD have not been fully investigated. This study sought to investigate the effects of f-blockers therapy on
the 28-day and 3-year survival rates of ESRD patients with pre-existing CVD who were admitted to the
intensive care unit (ICU).

Methods: After excluding patients without CVD, receiving a kidney transplant, not admitted to the ICU,
and with missing baseline data, this cohort study included 1081 ESRD participants with CVD from the
Medical Information Mark for Intensive Care III database. Baseline characteristics, including demographic
data and clinical data, were collected. The outcomes were 28-day and 3-year survival rates of the patients.
At the 28-day of ICU hospitalization, patients had a mean inpatient hospital stay of 24.7 days. At 3-year,
the patients had a median survival time of 489.2 days. Univariate and multivariate Cox regression analyses
were used to evaluate the effects of B-blockers therapy on the 28-day and 3-year survival outcomes of ESRD
patients with CVD.

Results: The 28-day and 3-year survival rates were 82.8% and 37.9%, respectively. The mean age of the
all patients was 68 years, and 642 were male. After adjusting for age, race, hyperlipidemia, dialysis, simplified
acute physiological score (SAPS) II, sequential organ failure assessment (SOFA) score, glucocorticoid,
hemoglobin, diabetes, hypertension, the 28-day survival rate of the ESRD patients with CVD requiring
intensive care who received B-blockers therapy was higher than that of the patients who did not receive
the treatment. Similarly, after adjusting for age, race, hyperlipidemia, dialysis, SAPS II, SOFA score,
glucocorticoid, hemoglobin, diabetes, hypertension, creatinine, the long-term survival rate of the patients
who received B-blockers therapy was also higher than that of those who did not.

Conclusions: B-blockers therapy was associated with increased 28-day and 3-year survival rates in ESRD
patients with CVD requiring intensive care. Our findings may provide a theoretical basis for the prognostic
impact of B-blockers therapy among patients with ESRD and CVD who were admitted to the ICU.
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Introduction

End-stage renal disease (ESRD) refers to a permanent
decline in kidney function (1). Cardiovascular diseases
(CVDs) are often prevalent in ESRD patients due to the use
of dialysis and the shared pathological mechanism and risk
factors (2). Approximately 40% of ESRD patients die due to
arrhythmias or sudden cardiac death (3). It is estimated that
ESRD patients with CVDs experience a high morbidity
rate of up to 50% (4), and the relative risk of death is
approximately 20 times higher than that of the general
population (5). Thus, it is vital to examine therapeutic
options for patients with ESRD complicated with CVD.

To date, B-blockers have been recommended in the
treatment of ESRD patients (6). In the study of Lin ez 4/,
they pointed out that B-blockers have a protective effect
on atrial fibrillation in ESRD patients (6). Not only that,
B-blockers have also been widely used to treat CVD patients
for more than 50 years, due to their role in reducing
mortality and morbidity, hypertension (7), sudden cardiac
death (8), and heart failure (9,10), and for the secondary
prevention of coronary heart disease (11,12). Kotecha et al.
conducted a meta-analysis of kidney disease patients with
CVDs and found that B-blockers reduced the mortality of
moderate stage chronic kidney disease patients with heart
failure with preserved ejection fraction (HFrEF) (13).
Compared to placebos, B-blockers have been proven
to significantly reduce all-cause mortality by 15% and
cardiovascular death/heart failure hospitalization by 13%
in ESRD patients with HFrEF (13). However, due to the
exclusion of ESRD patients with CVDs from many clinical
trials, the effects of B-blockers on ESRD patients with CVDs
have not been fully investigated. Additionally, B-blockers
have been reported to have a potential protective effect for
patients during critical illness requiring intensive care (14,15).
This may be related to the fact that f-blockers have many
beneficial immunomodulatory effects and might improve the
prognosis of intensive care unit (ICU) patients (14,15).

In this study, data from the Medical Information Mark
for Intensive Care IIT (MIMIC III) database were collected
to investigate the potential association between B-blockers
therapy and the short- and long-term survival rates of
ESRD patients with CVD who had been admitted to the
ICU. We hypothesized that patients with ESRD and CVD
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who were admitted to the ICU and received beta-blockers
were associated with improved 28-day and 3-year survival
rates. Our findings may provide a theoretical basis for
clinical applications of B-blockers therapy in such patients.
We present the following article in accordance with the
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5317/rc).

Methods
Data sources and study design

All the data in this retrospective cohort study were
obtained from the MIMIC III database (16). The MIMIC
IIT database contains the information of 46,520 patients
admitted to various ICUs of the Beth Israel Deaconess
Medical Center (BIDMC) in Boston from 2001 to 2012,
and includes data on patients’ demographics, vital signs,
laboratory tests, fluid balance, and survival status. A local
ethics committee’s approval was not required for this study,
as the disease information of the patients were publicly
available, and all the individual information in the database
had been anonymized.

To be eligible for this study, patients had to meet the
following inclusion criteria: (I) aged >20 years; (II) have
ESRD; (IIT) have CVD; (IV) admitted to the ICU; (V) have
mortality information. The International Classification of
Diseases 9th revision (ICD-9) of ESRD were: 40301, 40311,
40391, 40403, 40413, 40492, 40493, 5856. The CVDs
included congestive heart failure, cardiac dysrhythmia,
angina, and myocardial infarction. The following disease
codes of the ICD-9 were used: heart failure congestive =
4280; cardiac dysrhythmia = 42789, 4279; angina = 4130-
4131, 4139; myocardial infarction = 41000-41002, 41010-
41012, 41020-41022, 41030-41032, 41040-41042, 41050-
41052, 41060-41062, 41070-41072, 41080-41080, and
41090-41092. Patients were excluded from the study if they
met any of the following exclusion criteria: (I) had received
a kidney transplant; (II) had incomplete baseline data. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Exposure
We extracted information from the MIMIC IIT database
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about whether patients were using B-blockers or not.
Patients were distributed to 2 groups depending on whether
they received B-blockers therapy: p-blockers therapy group
and non-p-blockers therapy group.

Outcomes and follow-up

The outcomes of this study were the short- and long-term
survival rates of ESRD patients with CVD, defined as the
28-day and 3-year survival rates of the patients, respectively.
Death information of all patients from the MIMIC III
database was recorded through the social security account,
and the starting time of follow-up was admission to the
ICU, and the end point of follow-up was 28-day or 3-year
death after admission to the ICU.

Data collection

The following data were extracted (6,15,17)—age, gender,
race, diabetes, hypertension, hyperlipidemia, renal
replacement treatment (RRT), simplified acute physiological
score II (SAPS II), sequential organ failure assessment
(SOFA) score, dialysis, use of statins, glucocorticoids and
mycophenolate mofetil (MMF), transferrin, hemoglobin,
blood urea nitrogen (BUN), creatinine, and 28-day and
3-year survival status.

Statistical analysis

All the statistical analyses were performed in SAS 9.4 (SAS
Institute, Cary, NC, USA) and SPSS 24.0 (IBM Corp.,
Armonk, NY, USA). The categorical data are presented
as the number of cases and percentages, and the y’ test or
Fisher’s exact test were used for the intergroup comparisons.
The measurement data with normal distribution data are
described as mean and standard deviation (mean = SD), and
the #-test was used for the intergroup comparisons. Non-
normal measurement data are described as median and
interquartile range (IQR), and the comparison between
groups was performed by Mann-Whitney U test.

We performed univariate analysis (see Tables S1,52) to
select the potential covariates (P<0.05). A multivariate Cox
regression analysis was conducted to explore the effects
of B-blockers therapy on the 28-day and 3-year survival
rates of ESRD patients with CVD. In addition, subgroup
analysis was performed to examine the association between
B-blockers therapy and the 28-day and 3-year survival rates
in patients stratified by age and gender. A total of 3 models
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were used for the covariate adjustment: Model 1 was the
crude model; Model 2 adjusted for age and gender. Given
the small sample size and number of outcomes, the inclusion
of too many covariates could lead to model instability and
over fitting. Thus, for Model 3, we conducted a stepwise
regression to screen the variables that had statistically
significant differences in the univariate analysis (P<0.05)
Model 3 adjusted for age, race, hyperlipidemia, dialysis,
SAPS 11, SOFA score, glucocorticoid, hemoglobin,
diabetes, hypertension for the outcome of 28-day survival,
and adjusted for age, race, hyperlipidemia, dialysis, SAPS
II, SOFA score, glucocorticoid, hemoglobin, diabetes,
hypertension, creatinine for the outcome of 3-year survival.
The hazard ratios (HRs) and 95% confidence intervals (Cls)
were calculated. The missing values were deleted in this
study due to the proportion of missing values more than
30%. We also performed the sensitivity analysis before and
after deletion of missing values (Table S3). The survival
curves were presented using the Kaplan-Meier method
and estimated by the means method for covariates. The
statistical significance levels were all 2-sided. A P value
<0.05 was considered statistically significant.

Results
Baseline characteristics

A total of 1,921 ESRD patients were initially obtained
from the MIMIC III database. After excluding 676 patients
without CVD, 58 patients who had received a kidney
transplant, 31 patients were not admitted to the ICU, and
75 patients with missing baseline data, 1,081 participants
were ultimately included in the study, of whom, 248
(22.9%) were treated with B-blockers. The flowchart for
patient selection is shown in Figure 1. The mean and SD
age of the patients was 68 years, and 642 (59.4%) were
male. In relation to race distribution, 678 (62.7%) were
white, 215 (19.9%) were black, 22 (2.0%) were Asian,
and 43 (4.0%) were Hispanic. There were more patients
with hyperlipidemia (47.9% wvs. 30.73%) and those who
underwent dialysis (83.1% wvs. 62.6%) in the B-blockers
therapy group compared with the non-B-blockers therapy
group. The SAPS II (45.5+13.4 vs. 42.5+13.2) and SOFA
scores [7 (IQR, 5-10) vs. 6 IQR, 4-9)] of the patients in
the B-blockers therapy group were higher than those of
patients in the non-B-blockers therapy group. The baseline
characteristics of the patients are detailed in 7able 1.

During the 28 days of ICU hospitalization, 895 (82.8%)
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ESRD patients (n=1,921)

Excluded (n=840)
e Uncombined CVD (n=676)

A

Y

e Kidney transplant (n=58)
e Not admitted to the ICU (n=31)
e Other missing (n=75)

Included cases (n=1,081)

]

Outcome 1:
28-day survival

+—‘—+

v

Outcome 2:
3-year survival
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Survival Dead
(n=895) (n=186)

Survival Dead
(n=410)

(n=671)

Figure 1 Flowchart for the selection of the ESRD patients with CVD. ESRD, end-stage renal disease; CVD, cardiovascular disease; ICU,

intensive care unit.

patients survived, and the patients had a mean inpatient
hospital stay of 24.7 days. At 3 years, 410 (37.9%) patients
survived, and the patients had a median survival time of
489.2 days.

Short-term (28-day) survival rate

A total of 220 (88.7%) and 675 (81.0%) patients in the
B-blockers and non-p-blockers therapy groups survived to
28 days. The patients who received B-blockers therapy had
a higher 28-day survival rate than those who did not (Model
1: HR =0.56, 95% CI: 0.38-0.84). In adjusted analyses,
patients with B-blockers therapy had a better short-term
survival rate than those who did not (Model 2: HR =0.56,
95% CI: 0.37-0.83, P=0.004; Model 3: HR =0.51, 95% CI:
0.33-0.77, P=0.001). The results of the multivariate Cox
regression analysis are shown in 7able 2, and cumulative
incidence and Kaplan-Meier survival curves are shown in
Figures 2,3.

Long-term (3-year) survival rate

A total of 115 (46.4%) and 295 (35.4%) patients in the
B-blockers and non-B-blockers therapy groups survived to
3 years. The crude model showed that the patients treated
with B-blockers therapy had a higher 3-year survival rate
than the untreated patients (Model 1: HR =0.77, 95% CI:
0.64-0.94). In adjusted analyses, the patients who received
B-blockers therapy also had a higher long-term survival rate
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than those who did not (Model 2: HR =0.76, 95% CI: 0.63—
0.92, P=0.005; Model 3: HR =0.71, 95% CI: 0.57-0.90,
P=0.004). The multivariate Cox regression analysis results
are shown in Table 2, and cumulative incidence and Kaplan-
Meier survival curves are shown in Figures 2,3.

Subgroup or exploratory analysis

Additionally, we examined the association of B-blockers
therapy and short-term, long-term survival rate based
on the subgroup analysis of age and gender (7able 3). In
adjusted analyses, male patients with B-blockers therapy
had a better short-term and long-term survival rate than
those who did not (short-term: HR =0.50, 95% CI: 0.30-
0.82, P=0.007; long-term: HR =0.73, 95% CI: 0.55-0.98,
P=0.038). B-blockers therapy was associated with improved
long-term survival rates among female patients (HR =0.67,
95% CI: 0.46-0.98, P=0.037), but not statistically different
from short-term survival (HR =0.51, 95% CI: 0.24-1.10,
P=0.085). For patients with younger than 65 years,
B-blockers therapy was associated with improved short-
term and long-term survival rates (short-term: HR =0.20,
95% CI: 0.07-0.60, P=0.004; long-term: HR =0.52, 95%
CI: 0.33-0.81, P=0.004); B-blockers therapy was positively
related to short-term survival rates for patients with more
than 65 years (HR =0.60, 95% CI: 0.38-0.96, P=0.032), but
there was no statistically difference in p-blockers therapy
and long-term survival (HR =0.78, 95% CI: 0.60-1.03,
P=0.076).
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Table 1 Comparison of differences between the 2 groups

Group
Variables Total (n=1,081) Non-B-blocker therapy group B-blocker therapy group t/Z P
(n=833) (n=248)

Age (year) 68.3+12.8 68.4+12.8 68.3£12.5 0.070 0.943
Gender (female/male) 439 (40.6)/642 (59.4) 345 (41.4)/488 (58.6) 94 (37.9)/154 (62.1) 0.978 0.323
Race 1.726 0.786

White 678 (62.7) 518 (62.2) 160 (64.5)

Black 215 (19.9) 168 (20.2) 47 (19.00)

Asian 22 (2.0 17 (2.0) 5 (2.0)

Hispanic 43 (4.0) 31 3.7) 12 (4.8)

Other 123 (11.4) 99 (11.9) 24 (9.7)
Diabetes (yes) 394 (36. 5) 309 (37.1) 85 (34.3) 0.656 0.418
Hypertension (yes) 165 (15.3) 130 (15.6) 35(14.1) 0.330 0.566
Hyperlipidemia (yes) 375 (34.7) 256 (30.7) 119 (48.0) 25.104  <0.001
SAPS I 43.2+13.3 42.5+13.2 45.5+13.4 -3.070 0.002
SOFA score 6 [5-9] 6 [4-9] 7 [5-10] 3.595 <0.001
Dialysis (yes) 727 (67.3) 521 (62.6) 206 (83.1) 36.536  <0.001
Glucocorticoid (yes) 196 (18.1) 155 (18.6) 41 (16.5) 0.554 0.457
MMF (yes) 20(1.9) 13(1.6) 7(2.8) - 0.189
Statins use (yes) 248 (22.9) 242 (29.1) 122 (49.2) 34.714  <0.001
RRT (yes) 230 (21.3) 83 (10.0) 147 (59.3) 277.421  <0.001
Hemoglobin (g/dL) 10.3+1.9 10.3+1.9 10.1£1.8 1.400 0.163
BUN (mg/dL) 47.0 [32.0-70.0] 48.0 [32.0-72.0] 45.5 [32.5-66.0] 0.723 0.469
Creatinine (mg/dL) 4.0 [2.5-5.9] 3.9 [2.4-5.9] 4.2 [2.8-6.2] 1.018 0.309
28-day vital status 7.907 0.005

Alive 895 (82.8) 675 (81.0) 220 (88.7)

Dead 186 (17.2) 158 (19.0) 28 (11.3)
3-year vital status 9.745 0.002

Alive 410 (37.9) 295 (35.4) 115 (46.4)

Dead 671 (62.1) 538 (64.6) 133 (53.6)

Data are shown as mean + standard deviation, number (percentage) or median [interquartile range]. BMI, body mass index; SAPS I,
Simplified Acute Physiological Score Il; SOFA, sequential organ failure assessment; MMF, mycophenolate mofetil; RRT, renal replacement
treatment; BUN, blood urea nitrogen.

Discussion improved 28-day and 3-year survival rates. In addition, we
This study explored the association between B-blockers also found that male patients with B-blockers therapy was
therapy and the short- and long-term survival of ESRD related to short-term and long-term survival rates. Among
patients with CVD who were admitted to the ICU, and our patients younger than 65 years, B-blocker treatment was
results indicated that B-blockers therapy was associated with significantly associated with 3-year survival rates. This
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Table 2 Associations between B-blocker therapy and the short- and long-term survival rates of the ESRD patients with CVD

Model 1 Model 2 Model 3
Outcomes Variables
HR (95% Cl) P HR (95% ClI) P HR (95% Cl) P

Short-term B-blocker therapy

No Ref Ref Ref

Yes 0.56 (0.38-0.84) 0.005 0.56 (0.37-0.83) 0.004 0.51 (0.33-0.77) 0.001
Long-term B-blocker therapy

No Ref Ref Ref

Yes 0.77 (0.64-0.94) 0.008 0.76 (0.63-0.92) 0.005 0.71 (0.57-0.90) 0.004

Model 1: Crude model. Model 2: adjusted for age and gender. Model 3 (for short-term): adjusted for age, race, hyperlipidemia, dialysis,
simplified acute physiological score Il, sequential organ failure assessment, glucocorticoid, hemoglobin, diabetes, hypertension. Model 3
(for long-term): adjusted for age, race, hyperlipidemia, dialysis, simplified acute physiological score I, sequential organ failure assessment,
glucocorticoid, hemoglobin, diabetes, hypertension and creatinine. ESRD, end-stage renal disease; CVD, cardiovascular disease; HR,
hazard ratio; Cl, confidence interval.

28-day survival rate: Model 1 28-day survival rate: Model 2 28-day survival rate: Model 3
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Figure 2 Comparison of 3-year cumulative incidence curves among ESRD patients with CVD who did or did not receive B-blocker
therapy. Model 1: crude model; Model 2: adjusted for age and gender; Model 3: adjusted for age, race, hyperlipidemia, dialysis, simplified
acute physiological score II, sequential organ failure assessment, glucocorticoid, hemoglobin, diabetes, hypertension and creatinine for the
outcome of 28-day survival; Model 3: adjusted for age, race, hyperlipidemia, dialysis, simplified acute physiological score II, sequential organ
failure assessment, glucocorticoid, hemoglobin, diabetes, hypertension and creatinine for the outcome of 3-year survival. ESRD, end-stage

renal disease; CVD, cardiovascular disease.

finding may provide a theoretical basis for the clinical Berger et al. found that B-blocker therapy was associated
application of B-blockers therapy in such patients. with a 22% lower mortality rate among ESRD patients

A meta-analysis had shown that B-blockers seem to be with acute myocardial infarction after adjusting for baseline
associated with reduced mortality in patients on dialysis (17). variables (18). Additionally, Pun er /. showed that among
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Figure 3 The Kaplan-Meier curves of (A) the 28-day survival rate; (B) the 3-year survival rate of the ESRD patients with CVD. ESRD, end-

stage renal disease; CVD, cardiovascular disease.

Table 3 Subgroup analysis based on the age and gender assessed the associations between B-blocker therapy and the 3-year survival rate of the

ESRD patients with CVD
28-day survival rates 3-year survival rate
Variables B-blocker therapy
HR* (95% Cl) P HR® (95% CI) P

Age: <65 years No Ref Ref

Yes 0.20 (0.07-0.60) 0.004 0.52 (0.33-0.81) 0.004
Age: =65 years No Ref Ref

Yes 0.60 (0.38-0.96) 0.032 0.78 (0.60-1.03) 0.076
Gender: female No Ref Ref

Yes 0.51 (0.24-1.10) 0.085 0.67 (0.46-0.98) 0.037
Gender: male No Ref Ref

Yes 0.50 (0.30-0.82) 0.007 0.73 (0.55-0.98) 0.038

a

, adjusted for age, race, hyperlipidemia, dialysis, simplified acute physiological score Il, sequential organ failure assessment,

glucocorticoid, hemoglobin, diabetes, hypertension. °, adjusted for age, race, hyperlipidemia, dialysis, simplified acute physiological
score |, sequential organ failure assessment, glucocorticoid, hemoglobin, diabetes, hypertension and creatinine. ESRD, end-stage renal
disease; CVD, cardiovascular disease; HR, hazard ratio; Cl, confidence interval.

the 43,000 outpatients treated with hemodialysis, 729 of
suffered cardiac arrest, and the presence of a B-blocker
prescription was associated with increased survival at 24 h
and 6 months, and there was a positive correlation between
the exposure dose and survival (19). Similarly, this study
indicated that B-blockers increased the short- and long-term
survival rates of ESRD patients with CVD during critical
illness requiring intensive care.

Specific to ICU patients, B-blocker may treat different
types of CVD and reduce the risk of myocardial reinfarction

© Annals of Translational Medicine. All rights reserved.

and its associated mortality (20). Macchia et a/. have
concluded that B-blockers may be related to a survival
advantage for patients who subsequently develop sepsis
with organ dysfunction and are admitted to the ICU (21).
These findings have suggested a benefit of B-blocker
use in ICU patients. Critical illness may also lead to
activation of the sympathetic nervous system, which plays
a vital role in CVDs in ESRD patients (22). Sympathetic
nerve over-activation has been reported to be associated
with various CVDs, such as left ventricular hypertrophy
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(23,24), arrhythmia (25), and poor survival among patients
with heart failure (26,27). Due to associations between
sympathetic nerve over-activation and CVDs and ESRD,
consideration needs to be given to treatments directed at
minimizing the effects of sympathetic nerve over-activation
in ESRD patients with CVD. Further, p-blockers have
been confirmed to weaken the sympathetic overactivity that
links kidney disease with cardiovascular sequelae (28,29),
which may explain why B-blockers improved the short- and
long-term survival rates of the ESRD patients with CVD
admitted to the ICU in this study.

Studies on the treatment of ESRD patients with CVD
admitted to the ICU are limited. The strengths of the present
study: firstly, the inclusion of the varied ethnic representation
and the detailed information available in the MIMIC III
database. Secondly, complete long-term follow up data was
available. However, this study also had several limitations.
We were unable to obtain details of the specific B-blockers
regimens from the MIMIC III database, which hindered our
ability to further examine the effects of dose, duration and
timing of B-blockers therapy on the survival of the ESRD
patients with CVD. We also were unable to obtain informatdon
on how drug adherence the B-blockers during the 3-year
follow-up period. Finally, there were missing information
about potential confounders such as history of anticoagulant
and antithrombotic drug use, the cause of ICU admission,
or smoking status. We were also unable to draw further
conclusions about the cause of death as this was not available.

Conclusions

B-blocker therapy was associated with increased 28-day and
3-year survival rates of ESRD patients with pre-existing CVD
and who were admitted to ICU. Our findings may provide
a theoretical basis for the clinical application of f-blocker
treatment in such padents. However, randomized control trials
need to be conducted to further investigate and confirm the
efficacy of B-blocker treatment on ESRD patients with CVD.
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Supplementary

Table S1 The results of the univariate survival analysis (28-day survival)

95% ClI
Variables i SE e P HR
Lower Upper

Age 0.035 0.007 26.752 <0.001 1.04 1.02 1.05
Gender

Female Ref

Male 0.191 0.152 1.567 0.211 1.21 0.90 1.63
Race

White Ref

Black -0.773 0.235 10.849 <0.001 0.46 0.29 0.73

Asian -1.567 1.004 2.436 0.119 0.21 0.03 1.49

Hispanic -1.124 0.584 3.705 0.054 0.33 0.10 1.02

Other 0.071 0.214 0.109 0.742 1.07 0.71 1.63
Diabetes (yes) -0.209 0.157 1.769 0.184 0.81 0.60 1.10
Hypertension (yes) -0.066 0.208 0.101 0.751 0.94 0.62 1.41
Hyperlipidemia (yes) -0.328 0.162 4.078 0.043 0.72 0.52 0.99
SAPSII 0.044 0.005 84.109 <0.001 1.05 1.04 1.06
SOFA 0.135 0.021 40.829 <0.001 1.15 1.10 1.19
Dialysis (yes) -0.581 0.148 15.533 <0.001 0.56 0.42 0.75
Glucocorticoid (yes) 0.380 0.171 4.931 0.026 1.46 1.05 2.05
MMF (yes) -0.599 0.711 0.711 0.399 0.55 0.14 2.21
Statin (yes) -0.069 0.156 0.194 0.660 0.93 0.69 1.27
RRT (yes) 0.066 0.175 0.142 0.706 1.07 0.76 1.06
Hemoglobin 0.081 0.039 4.360 0.037 1.08 1.01 1.17
BUN 0.004 0.002 3.362 0.067 1.00 1.00 1.01
Creatinine -0.050 0.027 3.400 0.065 0.95 0.90 1.00
B-blocker (yes) -0.580 0.205 7.998 0.005 0.56 0.38 0.84

SAPS I, Simplified Acute Physiological Score Il; SOFA, sequential organ failure assessment; MMF, mycophenolate mofetil; RRT, renal
replacement treatment; BUN, blood urea nitrogen; HR, hazard ratio; Cl, confidence interval.
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Table S2 The results of the univariate survival analysis (3-year survival)

95% ClI
Variables B SE e P HR
Lower Upper

Age 0.029 0.003 73.694 <0.001 1.03 1.02 1.04
Gender

Female Ref

Male 0.082 0.079 1.062 0.303 1.09 0.93 1.27
Race

White Ref

Black -0.498 0.109 21.011 <0.001 0.61 0.49 0.75

Asian -0.129 0.263 0.241 0.623 0.88 0.53 1.47

Hispanic -0.699 0.240 8.440 0.004 0.50 0.31 0.80

Other —-0.001 0.122 0.000 0.993 1.00 0.79 1.27
Diabetes (yes) -0.143 0.081 3.061 0.080 0.87 0.74 1.02
Hypertension (yes) -0.016 0.108 0.023 0.880 0.98 0.80 1.22
Hyperlipidemia (yes) -0.440 0.085 26.500 <0.001 0.64 0.55 0.76
SAPSII 0.022 0.003 65.672 <0.001 1.02 1.02 1.03
SOFA 0.050 0.012 17.576 <0.001 1.05 1.03 1.08
Dialysis (yes) -0.137 0.082 2.771 0.096 0.87 0.74 1.03
Glucocorticoid (yes) 0.191 0.098 3.829 0.050 1.21 1.00 1.47
MMF (yes) -0.496 0.336 2.180 0.140 0.61 0.32 1.18
Statin (yes) -0.156 0.083 3.483 0.062 0.86 0.73 1.01
RRT (yes) -0.174 0.099 3.073 0.080 0.84 0.69 1.02
Hemoglobin 0.032 0.020 2.419 0.120 1.03 0.99 1.08
BUN <0.001 0.001 0.030 0.863 1.00 1.00 1.00
Creatinine -0.050 0.014 13.498 <0.001 0.95 0.93 0.98
B-blocker (yes) -0.256 0.097 6.941 0.008 0.77 0.64 0.94

SAPS I, Simplified Acute Physiological Score Il; SOFA, sequential organ failure assessment; MMF, mycophenolate mofetil; RRT, renal
replacement treatment; BUN, blood urea nitrogen; HR, hazard ratio; Cl, confidence interval.
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Table S3 The sensitivity analysis before and after deletion of missing values

Variables Total (n=2,238) After deletion (n=1,081) Before deletion (n=1,157) t%/Z P
Age (year) 67.92+12.94 68.34 £ 12.75 67.54+13.11 1.45 0.146
Gender 0.014 0.905
Female 906 (40.48) 439 (40.61) 467 (40.36)
Male 1,332 (59.52) 642 (59.39) 690 (59.64)
Race 0.178 0.996
White 1,403 (62.69) 678 (62.72) 725 (62.66)
Black 444 (19.84) 215 (19.89) 229 (19.79)
Asian 45 (2.01) 22 (2.04) 23 (1.99)
Hispanic 93 (4.16) 43 (3.98) 50 (4.32)
Other 253 (11.30) 123 (11.38) 130 (11.24)
Diabetes 0.040 0.842
No 1,427 (63.76) 687 (63.55) 740 (63.96)
Yes 811 (36.24) 394 (36.45) 417 (36.04)
Hypertension 0.562 0.454
No 1,883 (84.14) 916 (84.74) 967 (83.58)
Yes 355 (15.86) 165 (15.26) 190 (16.42)
Hyperlipidemia 0.446 0.504
No 1,446 (64.61) 706 (65.31) 740 (63.96)
Yes 792 (35.39) 375 (34.69) 417 (36.04)
SAPS I 42.92+13.33 43.19+£13.30 42.66+13.35 0.94 0.349
SOFA 6.00 (5.00-9.00) 6.00 (5.00-9.00) 6.00 (5.00-9.00) 0.099 0.921
Dialysis 0.151 0.698
No 724 (32.35) 354 (32.75) 370 (31.98)
Yes 1,514 (67.65) 727 (67.25) 787 (68.02)
Glucocorticoid 1.333 0.248
No 1,810 (80.88) 885 (81.87) 925 (79.95)
Yes 428 (19.12) 196 (18.13) 232 (20.05)
MMF 4.090 0.043
No 2,181 (97.45) 1,061 (98.15) 1,120 (96.80)
Yes 57 (2.55) 20 (1.85) 37 (3.20)
Hemoglobin (g/dL) 10.25+1.85 10.27 +1.85 10.24 +1.85 0.46 0.648
BUN (mg/dL) 48.00 (32.00-70.00) 47.00 (32.00-70.00) 48.00 (32.00-71.00) -0.379 0.704

Data are shown as mean + standard deviation, number (percentage) or median (interquartile range). SAPS Il, Simplified Acute Physiological
Score Il; SOFA, sequential organ failure assessment; MMF, mycophenolate mofetil; RRT, renal replacement treatment; BUN, blood urea
nitrogen.
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