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SUMMARY

Background: Cardiogenic shock (CS) is a life-threatening condition with high mortality. This study explored the
association between the blood urea nitrogen-to-albumin ratio (BAR), a marker of renal function and nutritional
status, and mortality in CS, aiming to evaluate its utility as a simple early risk stratification tool.

Methods: This study analyzed data from the Medical Information Mart for Intensive Care IV (MIMIC-1V) data-
base, categorizing participants by BAR quartiles to examine 28-day intensive care unit (ICU) mortality. Least ab-
solute shrinkage and selection operator (LASSO) regression was used to identify key variables associated with
BAR and clinical outcomes. Logistic regression, Cox proportional hazards models, and restricted cubic splines
were applied to assess the relationship between BAR and mortality. Kaplan—Meier curves illustrated cumulative
mortality, while sensitivity and subgroup analyses were conducted to ensure the robustness of the findings. Causal
mediation analysis (CMA) was conducted to investigate the indirect effects of BAR on prognosis.

Results: This study of 1,474 CS patients found that a higher BAR was linked to a greater risk of 28-day ICU mor-
tality. After adjustments, those in the highest BAR quartile had a significantly increased mortality risk (HR 1.88,
95% CI: 1.30 - 2.71, p = 0.001) compared to those in the lowest quartile. Kaplan-Meier analysis demonstrated sig-
nificantly reduced 28-day ICU survival probabilities in highest BAR quartile. Hemoglobin partially mediated this
relationship, explaining 10.88% of the effect. The association between BAR and prognosis in patients with CS re-
mained consistent across most subgroups, with significant interactions identified in the race and acute kidney in-
jury (AKI) subgroups.

Conclusions: This study found that elevated BAR is closely associated with adverse ICU outcomes in patients with
CS.
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LIST OF ABBREVIATIONS

CS - Cardiogenic shock

BAR - Blood urea nitrogen-to-albumin ratio
MIMIC-IV - Medical information mart for intensive
care IV

LASSO - Least absolute shrinkage and selection opera-
tor

ICU - Intensive care unit

CMA - Causal mediation analysis

AKI - Acute kidney injury

BUN - Blood urea nitrogen

AMI - Acute myocardial infarction

BMI - Body mass index

CVA - Cerebrovascular accident

CKD - Chronic kidney disease

T2DM - Type 2 diabetes mellitus

HF - Heart failure

MI - Myocardial infarction

IHD - Ischemic myocardial disease

SBP - Systolic blood pressure

DBP - Diastolic blood pressure

SpO; - Oximetry saturation

WBC - White blood cell count

PLT - Platelet count

PCO2 - Carbon dioxide pressure

PO2 - Arterial oxygen pressure

INR - International normalized ratio

LDH - Lactate dehydrogenase

SOFA - Sequential organ failure assessment

SIRS - Systemic inflammatory response syndrome
OASIS - Oxford acute severity of illness score
APACHE 1I - Acute physiology and chronic health
evaluation II

MYV - Mechanical ventilation

CRRT - continuous renal replacement therapy
VIF - variance inflation factors

HR - hazard ratios

OR - odds ratio

RCS - restricted cubic spline

INTRODUCTION

CS is a critical condition characterized by severe cardi-
ac pump failure [1], resulting in inadequate tissue per-
fusion, life-threatening organ dysfunction, and tissue
hypoxia [2]. Despite advancements in medical care and
improved survival rates in recent years, the prognosis
for CS remains grim [3], with in-hospital mortality
reaching 33.6% and short-term mortality ranging be-
tween 45% and 70% [4,5]. This condition not only
places a substantial strain on national healthcare sys-

tems and medical resources but also poses significant
health and economic challenges for affected individuals.
Given its severe impact, CS remains a major focus of
global healthcare efforts. Clinically, the development of
CS is attributed to various underlying causes, including
severe valvular disease, arrhythmias, and cardiac tam-
ponade [6]. Therefore, there is an urgent need to identi-
fy reliable prognostic indicators associated with poor
outcomes in CS patients, enabling timely therapeutic in-
terventions and ultimately reducing mortality rates.
Blood urea nitrogen (BUN), a metabolic byproduct syn-
thesized by the liver and excreted by the kidneys, is a
widely used biochemical parameter for assessing renal
function [7]. Alongside serum creatinine, BUN plays a
crucial role in evaluating kidney health [8]. Recent
studies have highlighted its prognostic significance in
various diseases, including aortic dissection, acute pan-
creatitis, and cerebral hemorrhage [9-11]. Albumin, a
liver-synthesized protein, serves multiple physiological
functions, including osmotic regulation, antioxidation,
and anti-inflammatory activity [12]. Numerous studies
have established albumin as a valuable prognostic
marker for critically ill patients with conditions such as
acute kidney injury, cirrhosis-related gastrointestinal
bleeding, acute heart failure, and sepsis [13—16]. The
BAR integrates these two biomarkers. Previous research
has demonstrated that BAR is a significant predictor of
mortality in various diseases, including ischemic stroke,
sepsis, acute respiratory failure, and lung cancer [17-
20]. In the realm of cardiovascular diseases, BAR has
been identified as an independent predictor of long-term
mortality in patients with acute myocardial infarction
(AMI) [21]. Notably, cardiogenic shock, a severe com-
plication of AMI, occurs in approximately 10% of cases
and is associated with exceptionally high mortality rates
[22,23].

Although BAR has been studied in various critical ill-
nesses, its prognostic value in CS remains unclear. This
study investigated whether BAR can predict mortality
in CS, aiming to support early risk identification and
guide treatment strategies.

MATERIALS AND METHODS

Study design and population

This retrospective, observational cohort study utilized
data from the MIMIC-IV 3.1 database (https://mimic.
mit.edu), a large, single-center, publicly available clini-
cal database that includes comprehensive medical re-
cords of 94,458 patients admitted to the Beth Israel
Deaconess Medical Center in Boston, Massachusetts,
USA, between 2008 and 2022. Access to the database
was granted to one of the authors (Hu Liu) after com-
pleting the Collaborative Institutional Training Initiative
Program (certification number: 68041273). Due to the
de-identified nature of the patient health information in
this database, the requirement for ethical approval was
waived.

Clin. Lab. 6/2026



BAR Predicts ICU Mortality in Cardiogenic Shock

Study participants

This study encompassed patients aged 18 years and
older who were admitted to the ICU with a diagnosis of
CS, as classified by the Ninth and Tenth Revisions of
the International Classification of Diseases (ICD-9 code
785.51 and ICD-10 code R57.0). The exclusion criteria
were as follows: 1) patients with ICU stays of less than
24 hours were excluded; 2) for patients with multiple
ICU admissions, only data from the initial hospitaliza-
tion were considered; and 3) patients with missing
blood urea nitrogen and serum albumin values in their
initial laboratory tests were excluded (Figure 1).

Data extraction

Data were extracted from the MIMIC IV database using
Structured Query Language in Navicat Premium (ver-
sion 16.0). Patient characteristics, including age, gen-
der, and body mass index (BMI), were collected. Infor-
mation on comorbidities, such as hypertension, AKI,
cerebrovascular accident (CVA), chronic kidney disease
(CKD), type 2 diabetes mellitus (T2DM), heart failure
(HF), myocardial infarction (MI), ischemic myocardial
disease (IHD), and hyperlipidemia, were extracted
based on the International Classification of Diseases
coding system. Vital signs [heart rate, systolic blood
pressure (SBP), diastolic blood pressure (DBP), respira-
tory rate, pulse oximetry saturation (SpO»), and temper-
ature] and laboratory tests [hemoglobin, white blood
cell count (WBC), platelet count, serum sodium, serum
potassium, serum calcium, pH, carbon dioxide pressure
(PCO,), arterial oxygen pressure (PO,), lactate, pro-
thrombin time international normalized ratio (INR), lac-
tate dehydrogenase (LDH), aspartate aminotransferase,
alanine aminotransferase, creatinine, BUN, serum albu-
min, and serum glucose] were extracted. Various scores
[such as the sequential organ failure assessment (SOFA)
score, systemic inflammatory response syndrome
(SIRS) score, Oxford acute severity of illness score
(OASIS), acute physiology and chronic health evalua-
tion II (APACHE II) score, Charlson comorbidity in-
dex, and Glasgow coma scale score], treatment [me-
chanical ventilation (MV) and continuous renal replace-
ment therapy (CRRT)], and drug therapies (vasopres-
sors and glucocorticoids) were extracted. All of the lab-
oratory data were extracted from the data collected the
first time after the patient was admitted to the ICU. The
blood urea nitrogen to BAR is defined as the index cal-
culated using the following formula: BAR = blood urea
nitrogen (mg/dL)/serum albumin ratio (g/dL).

Outcome

The main outcome was 28-day all-cause mortality in the
ICU, while secondary outcomes included 90-day, 360-
day, and overall ICU all-cause mortality.

Statistical analysis

The normality of continuous variables was assessed
using Shapiro-Wilk test. Variables with normal distribu-
tion were expressed as mean + standard deviation and
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compared using 7-test; variables with non-normal distri-
bution were expressed as median and interquartile range
and compared using Wilcoxon test. Categorical vari-
ables (expressed as counts and percentages) were com-
pared using chi-squared or Fisher's exact test. Variables
exceeding 20% missing data were excluded, and miss-
ing values in the remaining variables were imputed
through multiple imputation [24]. Detailed missing data
patterns are provided in Supplementary Table S1. Mul-
ticollinearity was assessed using variance inflation fac-
tors (VIF), with variables exceeding a VIF threshold of
5 removed. Detailed VIF values for variables are pro-
vided in Supplementary Table S2. LASSO regression
combined with 10-fold cross-validation was used for
variable selection. The optimal A value was determined
based on the one-standard-error rule [25]. Variables
with non-zero coefficients were retained for the subse-
quent multivariate regression analysis.

To explore the independent impact of BAR on the mor-
tality rate of patients with CS, multivariate Cox analysis
or multivariate logistic regression was used with differ-
ent models being adjusted for potential confounders
models. Model 1 was used for crude analysis, without
any adjustments for confounders. Model 2 was adjusted
for age, OASIS, Charlson comorbidity index, APACHE
II score. Based on Model 2, Model 3 was further ad-
justed for lactate, pH, HF, CRRT, and vasopressors use.
The BAR was divided into quartiles, with the first
group as the reference. Adjusted hazard ratios (HR) or
odds ratio (OR) for primary and secondary endpoints
were calculated relative to this group. Kaplan-Meier
analysis assessed 28-day, 90-day, and 360-day mortality
rates for ICU-admitted, critically ill CS patients.
Restricted cubic spline (RCS) curves evaluated non-
linear associations between BAR and mortality, and the
log-likelihood ratio test compared non-segmented and
segmented regression models to determine any thresh-
olds.

To evaluate the robustness of the findings, a sensitivity
analysis was performed using three incremental models.
Model 1 included no adjustments. Model 2 was adjusted
for age, gender, race, and BMI, whereas Model 3 incor-
porated comprehensive covariate adjustments.

CMA separates the total effect of a treatment into direct
and indirect effects. If an independent variable X affects
a dependent variable Y via another variable M, then M
is the mediator [26]. This study hypothesized that BAR
might impact the prognosis of cardiogenic shock pa-
tients by mediating variable changes. CMA average
causal mediation effect, average direct effect, and total
effect can validate this hypothesis.

The prognostic value of BAR was further examined
through comprehensive subgroup analyses, for each
subgroup analysis, both p-values and interaction terms
were calculated to assess the consistency of the prog-
nostic value of BAR across different patient popular-
tions.

All statistical analyses were performed using R software
(version 4.5). Statistical significance was considered
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Table 1. Association of BAR with mortality outcomes in patients with cardiogenic shock in ICU.

Model 1 Model 2 Model 3
Outcomes HR/OR —value p-for HR/OR value p-for HR/OR —value p-for
©5%cn | P trend | (95%cCn | P trend | (95%cCp | P trend
28-day ICU all-cause mortality
BAR 1.03 1.02 1.02
(continuous) | (1.02-1.04) | <9001 @.01-103 | <%0 .01-1.03 | <0001
Q1 Reference Reference Reference
1.71 1.37 1.40
Q 1.27-2.29) | <0001 1.02-185) | 97 (1.04-189) | 026
220 1.49 1.57
Q3 (1.65-2.93) | <0001 | <0001 1 449 501 | 0010 | 0001 1 46 243 | 0003 | <0.001
2.68 1.67 1.76
Q4 .03-354) | <001 (1.24-226) | 01 (1.30-2.38) | < %001
90-day ICU all-cause mortality
BAR 1.03 1.02 1.02
(continuous) | (1.02-1.04) | = 0.001 (1.01-1.03) | = 0.001 1.01-1.03) | = 0.001
Q1 Reference Reference Reference
1.66 1.36 1.38
Q 1.26-2.18) | < %001 (1.03-1.80) | %032 (o4~ 182) | 0026
2.10 1.46 1.53
Q3 (1.60-2.75) | <0001 | <0001 1 45 qoqy | 0009 | 0001 | g 15 504 | 0003 | <0.001
2.60 1.67 1.75
Q4 @.00-337) | <000 (1.26 -2.22) | <0001 (1.31-2.33) | <0001
360-day ICU all-cause mortality
BAR 1.03 1.02 1.02
(continuous) | (1.02-1.04) | = 0.001 (1.01-1.03) | = 0.001 1.01-1.03) | = 0.001
Q1 Reference Reference Reference
1.77 1.45 1.47
Q (1.35-2.32) | <0001 1.10-191) | 008 (12-194) | 006
2.16 1.51 1.58
Q3 (1.66 - 2.83) <0.001 | <0.001 (1.14 - 2.00) 0.004 <0.001 (120 -2.10) 0.001 <0.001
2.68 1.73 1.81
Q4 @.07-3.47) | <0001 (1.31-229) | <0001 (1.36 - 2.40) | <0001
ICU all-cause mortality
BAR 1.04 1.02 1.03
(continuous) | (1.03 - 1.05) | < %001 (1.01 - 1.04) | <0001 (1.01-1.04) | <0001
Q1 Reference Reference Reference
2.14 1.77 1.73
Q (1.54-2.99) | <0001 (.25-2.50) | %001 (.21-248) | %003
2.55 1.79 1.86
o (1.83-3.58) | <0001 | <0001 | 5 55 | 0001 | <0001 | ;55" 57q) | 0001 | <0.001
3.44 221 2.35
Q4 .49 -4.80) | <001 (1.53-3.20) | <0001 (1.60 - 3.45) | <0001

BAR quartiles: Q1 (1.03 - 6.29), Q2 (6.30 - 10.00), Q3 (10.26 - 16.30), Q4 (16.33 - 58.75).
Model 1: No variables were adjusted.
Model 2: Adjusted for age, OASIS, Charlson comorbidity index, APACHE II score.
Model 3: Based on Model 2, further adjusted for lactate, pH, HF, CRRT, and vasopressor use.
BAR blood urea nitrogen-to-albumin ratio, ICU intensive care unit, HR hazard ratio, OR odds ratio, OASIS Oxford acute severity of illness
score, APACHE II acute physiology and chronic health evaluation II, pH potential of hydrogen, HF heart failure, CRRT continuous renal re-

placement therapy.
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Table 2. The threshold analysis of the BAR.

360-day ICU all-cause mortality ICU all-cause mortality
Outcome HR : OR :
(95% CI) Lo (95% CI) p-vatue
Model I
. 1.02 1.03
One line effect (1.01, 1.03) <0.001 (1.01, 1.04) <0.001
Model 1T
Turning point (K) 31.79 9.68
1.03 1.14
<K effect 1 (1.01, 1.04) <0.001 (1.06, 1.22) <0.001
0.97 1.01
<K effect 2 (0.93,1.01) 0.110 (1.00, 1.03) 0.108
LRT test 0.004 0.003

BAR blood urea nitrogen-to-albumin ratio, ICU intensive care unit, LRT log-likelihood ratio test, HR hazard ratio, OR odds ratio.

when p-value was < 0.05 using two-tailed tests.

RESULTS

Characteristics of patients

As shown in Supplementary Table S3, the median age
of the 1,474 patients was 71 years (60.00 - 80.00 years),
and men accounted for 60.39% of the total patient popu-
lation. Compared with patients in the survival group,
those in the non-survival group were older and had sig-
nificantly higher glucose, WBC, INR, lactate, LDH,
creatinine, BUN, BAR, and lower temperature, DBP,
SBP, hemoglobin, pH, and albumin (all p < 0.05). Dis-
ease severity scores, including SOFA score, OASIS,
Charlson comorbidity index, and APACHE II score
were notably higher in the non-survival group (all p <
0.001). The non-survival group exhibited a higher inci-
dence of complications including acute kidney injury,
pneumonia, and chronic kidney disease, whereas heart
failure and hyperlipidemia demonstrated a lower inci-
dence compared to the survival group. The non-survival
group had significantly higher proportions of patients
receiving CRRT, glucocorticoid, and vasopressor sup-
port (all p <0.05).

Association between BAR and clinical outcome in
CS patients

LASSO regression identified 10 variables with non-zero
coefficients (age, BAR, lactate, pH, OASIS, Charlson
comorbidity index, APACHE II, heart failure, CRRT,
and vasopressor use) based on the optimal A value of
0.040 (Figure 2). The relative importance of these fea-
tures is illustrated in Supplementary Figure S1. These
variables were subsequently included in the multivariate
regression analysis. As shown in Table 1, multivariable
Cox regression analysis revealed a significant associa-
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tion between elevated BAR levels and 28-day ICU all-
cause mortality. When BAR was analyzed as a continu-
ous variable, the unadjusted Model 1 demonstrated a
strong association (HR 1.03, 95% CI: 1.02 - 1.04, p <
0.001). This association remained statistically signifi-
cant but attenuated in Model 2 (HR 1.02, 95% CI: 1.01
- 1.03, p < 0.001) and Model 3 (HR 1.02, 95% CI: 1.01
- 1.03, p <0.001). In quartile-based analyses, compared
to the reference Q1 group, progressively higher mortali-
ty risks were observed for Q2, Q3, and Q4 in Model 1
(all p <0.001). These graded risks persisted even after
sequential adjustments in Model 2 and Model 3, with a
consistent dose-response relationship across all models.
Notably, Q4 (highest BAR quartile) exhibited the
strongest risk elevation (Model 3 HR 1.76, 95% CI:
1.30 - 2.38, p < 0.001), underscoring the clinical rele-
vance of extreme BAR levels in predicting adverse out-
comes. Through multivariable Cox analysis or multiva-
riable logistic regression analysis, elevated BAR was
significantly associated with 90-day ICU all-cause mor-
tality, 360-day ICU all-cause mortality, and ICU all-
cause mortality, with the higher quartiles (Q3-Q4) pre-
dicting mortality risk after multivariable adjustments
and demonstrating a clear dose-response relationship.
As shown in Figure 3, Kaplan-Meier analysis demon-
strated significantly reduced survival probabilities in Q4
across all time points (28-day, 90-day, and 360-day ICU
survival rates).

Restricted cubic spline and threshold effect analysis

According to the RCS analysis results (Figure 4), both
28-day ICU all-cause mortality and 90-day ICU all-
cause mortality demonstrated a linear relationship be-
tween BAR and mortality risk after adjusting for vari-
ables, whereas 360-day ICU all-cause mortality and
ICU all-cause mortality exhibited a nonlinear associa-
tion between BAR and mortality risk following the
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Table 3. Sensitivity analysis of associations between BAR and mortality outcomes in patients with cardiogenic shock in ICU.

Model 1 Model 2 Model 3
Outcomes HR/OR value | Pfor HR/OR value | Pfor HR/OR value | P-for
©s%cn | P trend | (95%cCDp | P trend | (95%cCp | P trend
28-day ICU all-cause mortality
BAR 1.03 1.02 1.02
(continuous) | (1.02-1.04) | = 0.001 (1.02-1.04) | = 0.001 1.01-1.04) | = 0.001
Q1 Reference Reference Reference
1.71 1.61 1.45
Q2 (1.27-229) | <0001 a.20-2.17) | %002 (1.06-1.98) | *0%0
2.20 2.04 1.64
Q3 (165 - 2,03 | <0001 | <0001 | 275 o <0001 | <0001 | 0070 | 0.003 | 0.001
2.68 2.35 1.88
Q4 .03 -3.54) | <0001 1.77-312) | <0001 a30-271) | %001
90-day ICU all-cause mortality
BAR 1.03 1.03 1.02
(continuous) | (1.02-1.04) | = 0.001 (1.02-1.04) | = 0.001 1.01-1.04) | = 0.001
Q1 Reference Reference Reference
1.66 1.59 1.46
Q2 (126 -2.18) | <001 .20-2.10) | 01 1.09-1.96) | *010
2.10 1.99 1.65
Q3 (160275 | <0001 | <0001 | 70 ] <0001 | <0001 | 0T, | 0001 | <0001
2.60 2.33 1.98
Q4 @.00-337) | <0001 (178 - 3.04) | <0001 (1.40 -2.79) | <0001
360-day ICU all-cause mortality
BAR 1.03 1.03 1.02
(continuous) | (1.02 - 1.04) | ~ %001 .02 -1.04y | <0001 .01-1.03) | <0001
Q1 Reference Reference Reference
1.77 1.70 1.56
Q2 1.35-232) | <0001 1.30-223) | <0001 a.a7-207) | %002
2.16 2.05 1.68
Q3 (166 -2.83) | <0001 | <0001 | T8 o | <0001 | <0001 | oo | 0001 | <0001
2.68 241 1.98
Q4 .07 -3.47) | <0001 (1.85-3.14) | <0001 1.41-279) | <0001
ICU all-cause mortality
BAR 1.04 1.04 1.04
(continuous) | (1.03 - 1.05) | <001 (1.03 - 1.05) | <0001 (102 -1.06) | <001
Q1 Reference Reference Reference
2.14 2.07 1.86
Q2 (1.54-299) | <001 (1.48-291) | <0001 (1.27-233) | 002
255 2.44 2.03
Q3 (1.83-3.58) | <0001 | <0001 g4 345 | <0001 | <0001 | 4 35 3,07 | <0001 | <0001
3.44 3.17 2.87
Q4 .49 - 4.80) | <0001 .27 -447) | <0001 (.78 - 4.66) | <0001

BAR quartiles: Q1 (1.03 - 6.29), Q2 (6.30 - 10.00), Q3 (10.26 - 16.30), Q4 (16.33 - 58.75).

Model 1: No variables were adjusted.

Model 2: Adjusted for age, gender, race, BMI.

Model 3: Based on Model 2, further adjusted for heart rate, respiratory rate, SpO,, temperature, diastolic blood pressure, systolic blood pres-
sure, serum glucose, white blood cell count, platelet count, hemoglobin, INR, pH, PCO;, PaO,, lactate, serum calcium, serum potassium, serum
sodium, ALT, AST, LDH, creatinine, SOFA score, SIRS score, OASIS, GCS score, Charlson comorbidity index, APACHE II score, hyperten-
sion, acute kidney injury, cerebral vascular accident, chronic kidney disease, type 2 diabetes mellitus, heart failure, myocardial infarct, ische-
mic heart disease, hyperlipidemia, mechanical ventilation, CRRT, glucocorticoid, and vasopressor use.

BAR blood urea nitrogen-to-albumin ratio, ICU intensive care unit, HR hazard ratio, OR odds ratio, BMI body mass index, INR prothrombin
time international normalized ratio, pH potential of hydrogen, PCO, partial pressure of carbon dioxide, PaO, partial pressure of oxygen, ALT
alanine aminotransferase, AST aspartate aminotransferase, LDH lactate dehydrogenase, SOFA sequential organ failure assessment, SIRS sys-
temic inflammatory response syndrome, OASIS Oxford acute severity of illness score, GCS Glasgow coma scale, APACHE II acute physiology
and chronic health evaluation II, CRRT continuous renal replacement therapy.
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Patients ( > 18 years) were diagnosed with cardiogenic shock and
admitted to ICU in MIMIC-1V (n = 3,875)

3

Length of stay < 24 hours (n = 295)

Patients not first admission and not first
ICU stay (n = 1,598)

4

Missing blood urea nitrogen and serum
albumin data in the first laboratory test
(n=3508)

(n=1,474)

Final analysis cohort

l

}

Survivors Non-survivors
(n=986) (n=488)
Figure 1. Flow chart of the current study.
MIMIC-IV medical information mart for intensive care IV, ICU intensive care unit.
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Figure 2. Selection using the LASSO regression model.

A) LASSO regression A mean squared error plot. B) LASSO regression A coefficient plot.
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Figure 3. Kaplan-Meier survival curves for 28-day ICU all-cause mortality (A), 90-day ICU all-cause mortality (B), and 360-
day ICU all-cause mortality (C) in patients with CS, stratified by quartiles of the BAR.

BAR categories: Q1 (1.03 - 6.29), Q2 (6.30 - 10.00), Q3 (10.26 - 16.30), Q4 (16.33 - 58.75).
ICU intensive care unit, CS cardiogenic shock, BAR blood urea nitrogen-to-albumin ratio.

same adjustment. The threshold effects of BAR on 360-
day ICU all-cause mortality and ICU all-cause mortality
were further analyzed (Table 2). For 360-day ICU all-
cause mortality, the threshold of BAR was 31.79, while
for ICU all-cause mortality, the threshold was 9.68.
Below the threshold, each unit increase in BAR signifi-
cantly raised the 360-day ICU all-cause mortality risk
(HR =1.03, 95% CI: 1.02 - 1.04, p < 0.001), as well as
the ICU all-cause mortality risk (OR = 1.14, 95% CI:
1.06 - 1.22, p < 0.001). However, when BAR exceeded
the threshold, the risk association weakened and became
statistically nonsignificant. Likelihood ratio tests indi-
cated that the threshold effect model significantly out-
performed the linear model (both p < 0.05).

Sensitivity analysis

Sensitivity analysis (Table 3) confirmed the stability of
the association between BAR and outcomes in patients
with cardiogenic shock after full adjustment (Model 3).
As a continuous variable, BAR was significantly posi-
tively associated with 28-day ICU all-cause mortality
(HR 1.02, 95% CI: 1.01 - 1.04, p < 0.001), 90-day mor-
tality (HR 1.02, 95% CI: 1.01 - 1.04, p < 0.001), 360-
day mortality (HR 1.02, 95% CI: 1.01 - 1.03, p <
0.001), and ICU all-cause mortality (OR 1.04, 95% CI:
1.02 - 1.06, p < 0.001). Grouped by BAR quartiles, pa-
tients in Q4 showed significantly increased mortality
risks compared with Q1 (reference group) in Model 3:
28-day mortality (HR 1.88, 95% CI: 1.30 - 2.71, p =
0.001), 90-day mortality (HR 1.98, 95% CI: 1.40 - 2.79,
p < 0.001), 360-day mortality (HR 1.98, 95% CI: 1.41 -
2.79, p <0.001), and ICU all-cause mortality (OR 2.87,
95% CI: 1.78 - 4.66, p < 0.001). Additionally, the risk
of mortality increased significantly with higher BAR
quartiles (all p-for-trend < 0.05). These results were

consistent with the primary analysis, supporting a
strong association between BAR and adverse outcomes
in patients with CS.

Causal mediation analysis

In the CMA, hemoglobin was confirmed to have a me-
diating effect. Figure 5 shows that in terms of 28-day
ICU mortality of CS patients, hemoglobin mediated
10.88% (95% CI: 4.23 - 19.86%; p = 0.002) of the ad-
verse effect of BAR (ACME: p =0.002)

Subgroup analyses

Subgroup analyses for the relationship between BAR
and 28-day ICU all-cause mortality were performed ac-
cording to gender, race, comorbidities (hypertension,
AKI, CVA, CKD, T2DM, MI, IHD, and hyperlipid-
emia), MV, and glucocorticoid use. The findings con-
sistently showed that a higher BAR was associated with
an elevated risk of 28-day ICU all-cause mortality in
most of the investigated subgroups (Figure 6). Overall,
BAR showed significant associations with 28-day ICU
all-cause mortality (HR 1.02, 95% CI: 1.01 - 1.03, p <
0.001). Significant interactions were observed in race
subgroups (p for interaction = 0.03) and AKI subgroups
(p for interaction = 0.01), indicating that the link be-
tween BAR and mortality may vary in these cohorts.
Additionally, subgroup analyses of 90-day ICU all-
cause mortality and 360-day ICU all-cause mortality
demonstrated persistent interaction effects in race sub-
groups (all p for interaction = 0.02) and AKI subgroups
(all p for interaction < 0.001), while ICU all-cause mor-
tality analysis revealed interaction in race subgroups (p
for interaction = 0.024), with detailed stratification re-
sults visualized in Supplementary Figure S2.
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Figure 4. Restricted cubic spline function between BAR and 28-day ICU all-cause mortality (A), 90-day ICU all-cause mortali-
ty (B), 360-day ICU all-cause mortality (C), and ICU all-cause mortality (D) in patients with CS, adjusted for age, OASIS,
Charlson comorbidity index, APACHE II score; lactate, pH, HF, CRRT, and vasopressor use.
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Figure 5. Causal mediation analysis for hemoglobin reduction.
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Variable Count Percent p-value HR Lower Upper p for interaction

Overall 1,474 100 <0.001 1.02 1.01 1.03 HEH

Gender 0.16
Female 584 396 0.09 1.01 1 1.03 HEl—
Male 890 60.4 <0.001 1.02 1.01 1.04 Hl—

Race 0.03
Nonwhite 595 40.4 0.16 1.01 1 1.02 HIH
White 879 59.6 <0.001 1.02 1.01 1.04 HE—

HTN 0.36
No 1,123 76.2 <0.001 1.02 1.01 1.03 HEH
Yes 351 23.8 0.41 1.01 0.99 1.04 i

AKI 0.01
No 472 32 0.01 1.03 1.06 >
Yes 1,002 68 <0.001 1.02 1.03 HEH

CVA 0.94
No 1,348 915 <0.001 1.02 1.01 1.03 HEH
Yes 126 8.5 0.29 1.02 0.99 1.05 H——

CKD 0.07
No 1,002 68 0.2 1.01 1.02 HEH
Yes 472 32 < 0.001 1.03 1.02 1.04 HEH

T2DM 0.43
No 949 64.4 <0.001 1.02 1.01 1.04 HE—
Yes 525 356 0.15 1.01 1.03 HE—

MI 0.54
No 953 64.7 <0.001 1.02 1.01 1.03 HEH
Yes 521 353 0.01 1.02 1.01 1.04 HE—

IHD 0.16
No 480 326 0.14 1.01 1.03 HE—
Yes 994 67.4 <0.001 1.02 1.01 1.03 HEH

HLD 0.26
No 804 54.5 <0.001 1.02 1.03 HEH
Yes 670 455 0.01 1.02 1.04 Hl—

MV 0.07
No 149 10.1 0.68 099 0.96 1.03 ———
Yes 1,325 899 <0.001 1.02 1.01 1.03 HEH

Glucocorticoid 0.96
No 1,091 74 <0.001 1.02 1.01 1.03 HEH
Yes 383 26 0.18 1.01 0.99 1.03 il

0.95 1 1.05

Figure 6. Subgroup analyses for the association of BAR with 28-day ICU all-cause mortality in patients with CS, adjusted for
age, OASIS, Charlson comorbidity index, APACHE II score; lactate, pH, HF, CRRT, and vasopressors use.

HR hazard ratio, OR odds ratio, HTN hypertension, AKI acute kidney injury, CVA cerebrovascular accident, CKD chronic kidney disease,
T2DM type 2 diabetes mellitus, MI myocardial infarction, IHD ischemic myocardial disease, HLD hyperlipidemia, MV mechanical ventilation.

DISCUSSION

Our study is the first to evaluate the association between
BAR and ICU outcomes in patients with CS. The re-
sults indicate that patients in the high BAR group had a
significantly increased risk of death at 28 days in the
ICU. This association remained significant even after
adjusting for multiple confounding variables. Kaplan-

10

Meier survival curves demonstrated that higher BAR
levels were associated with lower survival rates. Addi-
tionally, CMA confirmed that hemoglobin mediated
10.88% of the adverse effects of BAR on 28-day ICU
mortality, and subgroup analysis showed that higher
BAR was associated with an increased risk of 28-day
ICU mortality in most subgroups, with significant inter-
actions observed only in the subgroups defined by race
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and AKI. The RCS curve reveals a non-linear relation-
ship between BAR and 360-day and overall ICU mor-
tality risk. Further analysis indicates a clear threshold
effect. Below the threshold, the risk increases signifi-
cantly with the rise of BAR, while above the threshold,
the risk remains statistically unchanged. This highlights
the importance of clinical monitoring, especially focus-
ing on changes below the BAR threshold, to achieve the
best assessment of patient prognosis.

Given the high mortality rate of CS [27], recent studies
have increasingly focused on novel biomarkers for early
prognostic evaluation in CS patients. Wang et al. re-
ported that the albumin-corrected anion gap indepen-
dently and strongly correlates with clinical outcomes in
CS, aiding clinicians in identifying high-risk patients
[28]. Xie et al. demonstrated that an elevated stress
hyperglycemia ratio is significantly associated with in-
creased 30-day and 360-day all-cause mortality in CS
patients, particularly those with concurrent AMI [29].
Similarly, Sun et al. identified that a higher blood urea
nitrogen-to-creatinine ratio at admission independently
predicts reduced in-hospital mortality in CS [30]. Nota-
bly, BAR, a comprehensive indicator reflecting inflam-
mation, metabolic status, and nutritional conditions in
critically ill patients, has shown significant prognostic
value in cardiovascular diseases such as AMI and
chronic heart failure [21,31]. Building on these find-
ings, our study is the first to validate BAR as a predic-
tive marker for ICU mortality in CS using a public data-
base, offering new insights for clinical risk stratifica-
tion.

In our study, elevated BAR was significantly associated
with increased short-term mortality in patients with CS.
The potential mechanisms underlying this adverse out-
come may be explained through the following path-
ways: 1) Hypoperfusion-induced metabolic derange-
ments: the abrupt decline in cardiac output during CS
leads to systemic hypoperfusion and hypoxia, triggering
mitochondrial dysfunction [32]. Compensatory anaero-
bic metabolism exacerbates metabolic acidosis, which
accelerates skeletal muscle proteolysis and elevates se-
rum urea nitrogen levels [33]. Elevated urea nitrogen re-
flects a hypercatabolic state and protein-energy imbal-
ance, ultimately contributing to nutritional depletion
and poor prognosis; 2) reduced renal blood flow in CS
lowers the glomerular filtration rate, causing a spike in
urea nitrogen. This triggers the sympathetic nervous
system and renin-angiotensin-aldosterone system, lead-
ing to fluid retention and increased urea reabsorption
[34]. These responses further increase cardiac preload,
establishing a vicious cycle of "cardio-renal syndrome"
and accelerating clinical deterioration [35].

CMA revealed that hemoglobin plays a partial mediat-
ing role in the relationship between the BAR and poor
outcomes in cardiogenic shock, accounting for approxi-
mately 10.88% of the total effect. This suggests that the
BAR not only directly influences patient prognosis but
may also indirectly affect disease outcomes through he-
moglobin as a mediating variable. Anemia is one of the
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most common complications in the ICU. A prospective
study by Thomas et al. [36] found that nearly all pa-
tients hospitalized in the intensive care unit for more
than seven days experienced a decline in hemoglobin
levels. In the context of an elevated BAR, reduced he-
moglobin further impairs oxygen delivery and tissue
perfusion, diminishing the ability of the injured myocar-
dium and other vital organs to tolerate hypoxia [37].
This exacerbates disease severity and contributes to
poorer patient outcomes. This finding offers valuable
insight for clinical practice. In the management of CS,
maintaining hemoglobin at an appropriate level may be
a key factor in improving patient outcomes. It could
help mitigate the adverse impact of elevated BAR on
28-day mortality, thereby contributing to the optimiza-
tion of treatment strategies and enhancing patient sur-
vival.

Subgroup analysis revealed significant racial differ-
ences: the association between BAR and 28-day ICU
mortality was more pronounced in White patients. This
disparity may be partly attributed to the smaller sample
sizes in other racial groups, potentially leading to re-
duced effect sizes. Alternatively, it might reflect inher-
ent differences in nutritional metabolism among racial
groups. A study by Vong et al. [38] reported that,
among hospitalized adults with COVID-19, White pa-
tients were more susceptible to malnutrition compared
to Asian, Black, or other racial groups. Since hypoalbu-
minemia may be more prevalent in malnourished indi-
viduals, this could partly explain the stronger associa-
tion observed between BAR and mortality in White pa-
tients. Another significant finding was the moderating
effect of AKI status on the prognostic value of BAR.
Among patients without AKI, the association between
BAR and mortality was notably stronger. This could be
attributed to the fact that, in these patients, elevated
BUN and decreased albumin levels more directly reflect
a state of systemic hyper catabolism and nutritional im-
balance, rather than azotemia and hypoalbuminemia re-
sulting from impaired renal function. Consequently,
BAR may serve as a more precise indicator of overall
disease severity in patients without AKI, thereby en-
hancing its predictive value for mortality.

Limitations

However, this study has several limitations. First, as a
single-center retrospective study based on the MIMIC-
IV database, the findings are inherently subject to selec-
tion bias and may not be generalizable to broader pa-
tient populations or healthcare settings. Validation in
large-scale, multi-center, prospective cohorts is essen-
tial to confirm the robustness and external applicability
of our results. Second, although we adjusted for a wide
range of potential confounders using commonly accept-
ed statistical methods, the impact of unmeasured or re-
sidual confounding factors cannot be entirely excluded.
Additionally, due to the retrospective nature of the data-
base, we were limited by the availability and complete-
ness of certain clinical variables, which may have influ-
enced the observed associations. Third, the study popu-
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lation was limited to ICU-admitted patients with cardio-
genic shock. As a result, the findings may not reflect the
prognostic value of the BAR index in patients managed
outside the ICU setting. Future studies incorporating
both ICU and non-ICU populations are warranted to
provide a more comprehensive assessment. Finally,
while this study focused exclusively on cardiogenic
shock, the BAR index has shown potential prognostic
relevance in various other diseases. Further research is
needed to investigate its predictive utility across a
broader spectrum of acute and chronic conditions,
which may help establish BAR as a versatile biomarker
for risk stratification in diverse clinical contexts. More-
over, mechanistic studies are encouraged to explore the
underlying biological pathways linking BAR to adverse
outcomes.

CONCLUSION

Elevated BAR is significantly correlated with height-
ened ICU mortality rates in patients experiencing cardi-
ogenic shock. As a prospective early biomarker for
mortality risk prediction, BAR could assist clinicians in
identifying high-risk patients for targeted interventions.
Nonetheless, larger-scale studies are necessary to vali-
date these findings and evaluate the clinical applicabili-
ty of BAR.
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