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ABSTRACT

Background: End-stage renal disease (ESRD) is the final phase of chronic kidney disease, characterized by severe
renal dysfunction that leads to metabolic disturbances in blood urea nitrogen (BUN) and serum creatinine (Scr).
Currently, the relationship between the BUN/creatinine ratio (BCR) and all-cause mortality in patients with
ESRD remains unclear. This study aimed to investigate the predictive value of BCR for short-term (60-day) and
intermediate-term (365-day) all-cause mortality risk in patients with ESRD.

Methods: By using data from the MIMIC-IV database, we included patients with ESRD meeting ICD-9/ICD-10
diagnostic criteria, excluding those aged < 18 years, non-intensive care unit admissions, and those with incomplete
information, ultimately enrolling 2,102 patients. The participants were stratified according to the BCR quartiles.
Kaplan-Meier survival analysis and multivariate Cox regression were used to compare differences in all-cause
mortality between the groups. Restricted cubic spline (RCS) analysis was used to examine the dose-response rela-
tionship between BCR and all-cause mortality. Subgroup analysis was used to assess result stability, and receiver
operating characteristic (ROC) curves were used to compare the predictive performance of BCR versus individu-
al markers (BUN or Scr).

Results: This study included 2,102 patients with ESRD. The results demonstrated a positive correlation between
BCR and 60- and 365-day all-cause mortality rates. Multivariate Cox regression analysis revealed that each one-
unit increase in BCR was associated with a 3% higher risk of 60-day all-cause mortality (HR = 1.03, 95% CI:
1.01 - 1.04) and 365-day all-cause mortality (HR = 1.03, 95% CI: 1.01 - 1.04). The RCS analysis showed a linear
relationship between BCR and 60-day all-cause mortality (p-overall < 0.001, p-non-linear = 0.237), whereas a non-
linear relationship was observed for 365-day all-cause mortality (p-overall < 0.001, p-non-linear = 0.018). The sub-
group analysis revealed no significant interaction effects. ROC analysis indicated the superior predictive perfor-
mance of BCR compared to BUN or Scr alone.

Conclusions: BCR serves as an independent predictor of all-cause mortality risk in patients with ESRD and may
provide a novel reference index for clinical prognosis assessment.
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INTRODUCTION

End-stage renal disease (ESRD) is the terminal phase of
chronic kidney disease progression, marked by severe
renal failure, which leads to impaired water-electrolyte
balance and metabolic waste excretion [1]. These pa-
tients typically require renal replacement therapy (dialy-
sis or kidney transplantation) for survival. Epidemiolog-
ical data indicate that even with standard renal replace-
ment therapy, the five-year survival rate for patients
with ESRD remains only 39 — 60% [2], underscoring
the urgent need for effective prognostic indicators.

In the current clinical practice, serum creatinine (Scr),
blood urea nitrogen (BUN), and estimated glomerular
filtration rate are the most commonly used laboratory
parameters for renal function assessment [3,4]. These
markers offer the advantages of simplicity and cost-ef-
fectiveness, making them suitable for implementation in
healthcare facilities. However, individual renal function
indicators have notable limitations: Scr levels are influ-
enced by muscle mass and dietary creatine intake [5,6],
while BUN concentrations vary with protein intake and
catabolic state [7,8].

The BUN/creatinine ratio (BCR), a composite index,
may compensate for these limitations. Existing research
has demonstrated the prognostic value of BCR in vari-
ous conditions: Wang et al. confirmed BCR as an inde-
pendent predictor of all-cause mortality in patients with
chronic heart failure [9], while another study found an
association between BCR and long-term mortality in
patients with renal insufficiency congestive heart failure
[10]. These findings suggest the potential of BCR as a
prognostic indicator for patients with ESRD.
Large-scale evidence regarding the association between
BCR and mortality in patients with ESRD is lacking.
Therefore, this study used the MIMIC-1V [11,12] data-
base and Kaplan-Meier survival, multivariate Cox re-
gression, and restricted cubic spline (RCS) analyses to
systematically evaluate the relationship between BCR
and short- (60-day) and intermediate-term (365-day)
mortality in patients with ESRD, with the aim of pro-
viding new evidence for clinical prognosis assessment.

MATERIALS AND METHODS

Data source

This study used data from the MIMIC-IV database (ver-
sion 3.1), which contains comprehensive clinical re-
cords of patients in the intensive care unit at Beth Israel
Deaconess Medical Center in the United States between
2008 and 2022. The research protocol was approved by
the institutional review board (ID: 40060500) and re-
quirement for informed consent was waived due to the
de-identified nature of the data.

Study population

Data extraction was performed using Structured Query

Language in Navicat Premium software (version 17).

Patient selection was based on International Classifica-

tion of Diseases (ICD) diagnostic codes, including ICD-

9 (403.01, 403.11, 403.91, 404.02, 404.03, 404.12,

404.13, 404.92, 404.93, 585.5, and 585.6) and ICD-10

(112.0, 113.11, 113.2, N18.5, N18.6, and N26.1) codes.

The exclusion criteria were as follows: non-ICU admis-

sions, patients aged < 18 years, missing critical baseline

data (e.g. gender), and duplicate records. A total of

2,102 eligible patients were included in the final analy-

sis. The detailed patient selection process is illustrated

in Figure 1.

This study collected the following variables:

e Demographic characteristics: age, gender, race

e Vital signs: systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure
(MAP), heart rate, respiratory rate, body tempera-
ture, and peripheral oxygen saturation (SpO-)

e Laboratory parameters: complete blood count, white
blood cell count (WBC), platelet count (PLT), he-
matocrit (HCT), and hemoglobin

e Electrolytes: sodium, potassium, calcium, phosphor-
rus, bicarbonate, and chloride

e Renal function: BUN and Scr

e Other: glucose, anion gap, international normalized
ratio (INR), and prothrombin time (PT)

e Comorbidities: myocardial infarction, congestive
heart failure, peripheral vascular disease, dementia,
rheumatic disease, peptic ulcer disease, paraplegia,
chronic obstructive pulmonary disease (COPD), liv-
er disease, and diabetes mellitus.

All laboratory values were averaged over the first 24

hours after ICU admission. Variables with < 10% miss-

ing data were imputed using the Random Forest meth-
od, whereas those with > 10% missing data were ex-
cluded. Data analysis was performed using the SPSS

software (version 27).

Exposure and outcomes

The primary exposure variable was the BCR, which was
analyzed as follows:

1) As a continuous variable.

2) Categorized by quartiles:

Q1: BCR<6.28

Q2: 6.28 <BCR <£8.97
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Table 1. Impact of BCR and other factors on 60-day and 365-day mortality in ESRD patients.

Model 1 Model 2 Model 3
HR(95% CI) | p-value HR(95% CI) | p-value HR(95% CI) | p-value
60-day mortality
BCR 103(1.01-1.04) | 0001 | 1.02(1.01-1.04) | 0.005 | 1.03(1.01-1.04) | 0.001
BCR quartiles
Q1 ref ref ref
Q2 1.34 (1.00 - 1.80) 0.047 1.10 (0.84 - 1.46) 0.482 1.14 (0.86 - 1.52) 0.367
Q3 1.32 (0.98 - 1.78) 0.072 1.17 (0.88 - 1.56) 0.271 1.18 (0.87 - 1.60) 0.275
Q4 1.03 (0.67 - 1.57) 0.905 0.92 (0.62 - 1.38) 0.692 0.90 (0.59 - 1.37) 0.610
p-value for trend 0.073 0.327 0.216
365-day mortality
BCR 102 (1.01-1.04) | <0.001 | 1.02(1.01-1.04) | <0.001 | 1.03(1.01-1.04) | <0.001
BCR quartiles
Q1 ref ref ref
Q2 1.32 (1.08 - 1.60) 0.006 1.16 (0.95 - 1.41) 0.156 1.20 (0.98 - 1.47) 0.084
Q3 1.24 (1.00 - 1.53) 0.045 1.01 (0.81 - 1.25) 0.943 1.07 (0.85 - 1.34) 0.569
Q4 1.02 (0.75 - 1.38) 0.907 0.82 (0.60 - 1.12) 0.202 0.86 (0.62 - 1.19) 0.357
p for trend 0.011 0.063 0.052

BCR: blood urea nitrogen/creatinine ratio.

Model 1: Unadjusted.

Model 2: Adjusted for gender, race, and age.
Model 3: Adjusted for gender, race, age, systolic blood pressure, diastolic blood pressure, mean arterial pressure, heart rate, respiratory rate,
body temperature, peripheral oxygen saturation, white blood cell count, platelet count, hematocrit, hemoglobin, sodium, potassium, calcium,
phosphorus, bicarbonate, chloride, blood urea nitrogen, serum creatinine, glucose, anion gap, international normalized ratio, prothrombin
time, myocardial infarction, congestive heart failure, peripheral vascular disease, dementia, rheumatic disease, peptic ulcer disease, paraple-
gia, chronic obstructive pulmonary disease, liver disease, and diabetes mellitus.

Table 2. Comparative predictive performance of BUN, Scr, and BCR for 60- and 365-day mortality in patients with ESRD.

‘ AUC ‘ p-value ‘ 95% CI Cutoff value Sensitivity Specificity Youden's index

60-day-mortality ROC

BUN 0.492 0.602 0.463- 0 .521 113.25 0.075 0.942 0.017

Scr 0.403 <0.001 0.376 - 0.430 47.10 0 1 0.000

BCR 0.573 <0.001 0.545 - 0.602 8.96 0.603 0.517 0.120
365-day-mortality ROC

BUN 0.482 0.156 0.457 - 0.507 157.75 0.016 0.993 0.009

Secr 0.409 <0.001 0.385 - 0.434 1.38 0.977 0.003 0.007

BCR 0.557 <0.001 0.532 - 0.581 6.24 0.816 0.277 0.093

BUN: blood urea nitrogen, Scr: serum creatinine, CR: blood urea nitrogen/creatinine ratio.

Q3:8.97 <BCR < 14.33

Q4: BCR >14.33

The primary outcomes were 60- and 365-day all-cause

mortality.
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Statistics

Continuous variables were assessed for normality using
the Kolmogorov—Smirnov test. Normally distributed
variables were presented as mean + standard deviation
and compared using Student's #-test, while non-normally
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Patients with ESRD
in the MIMIC-IV
database (n = 37,781)

Only the first ICU
admission was
included for each
patient (n =2,582)

Patients with ICU
stays shorter than 24

A

hours were excluded
(n = 480)

(n=2,102)

Analysis cohort

A 4 Y

A 4 Y
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Figure 1. Study flowchart.

distributed variables were reported as median (inter-
quartile range, Q1 - Q3) and analyzed using the Mann-
Whitney U test. Categorical variables were expressed as
counts (n) and percentages (%) and compared using chi-
squared or Fisher's exact tests.
The association between BCR and mortality was evalu-
ated using Kaplan—Meier survival analysis, multivariate
Cox proportional hazards regression models (three pro-
gressively adjusted models), and RCS to examine po-
tential non-linear relationships. Subgroup analyses were
conducted to assess effect modification by gender, race,
COPD, liver disease, and diabetes mellitus, and malig-
nancy. Interaction terms were tested in these subgroup
analyses. Receiver operating characteristic (ROC) cur-
ves were generated to compare the prognostic value of
BCR with that of BUN or Scr alone.
Software used were:
e SPSS (version 27): primary statistical analyses and
missing data imputation

e GraphPad Prism (version 10.1): survival curve gen-
eration

e R software (version 4.4.3): RCS analysis and plot-
ting

e Microsoft Excel: forest plot creation for subgroup
analyses

RESULTS

Baseline characteristics of patients with ESRD

Patients were categorized into four groups (Q1 - Q4)
based on BCR quartiles, with comparative data present-
ed in Supplemental Table 1. Demographic analysis re-
vealed no statistically significant differences in gender
distribution across groups, whereas higher BCR groups
exhibited significantly older age (p < 0.001) and a
greater proportion of Caucasian patients (p < 0.001).
Laboratory parameters demonstrated significant associ-
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Figure 2. Kaplan—Meier survival analysis of patients with ESRD stratified using BCR quartiles.

A: 60-day mortality. B: 365-day mortality.
BCR: blood urea nitrogen-to-creatinine ratio, ESRD: end-stage renal disease.
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Figure 3. Restricted cubic spline analysis of the association between BCR and mortality risk.

A: Association between BCR and 60-day mortality risk. B: Association between BCR and 365-day mortality risk.

BCR: blood urea nitrogen-to-creatinine ratio.

ations with BCR levels (p < 0.05): hematocrit, hemo-
globin, bicarbonate, potassium, and Scr showed inverse
correlations; chloride, glucose, and BUN displayed pos-
itive correlations; anion gap and phosphorus followed
an initial increase then decrease pattern; calcium exhib-

ited an initial decrease followed by an increase; and
INR/PT remained stable in Q1 - Q3 but was elevated in
Q4. Vital sign analysis showed progressive decreases in
body temperature, increases in respiratory rate, and a bi-
phasic pattern (initial increase and then decrease) in
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Figure 4. Subgroup analysis of the association between BCR and mortality in patients with ESRD patients.

A: 60-day mortality subgroup analysis. B: 365-day mortality subgroup analysis.
BCR: blood urea nitrogen-to-creatinine ratio, ESRD: end-stage renal disease.

SpO: with increasing BCR (p < 0.05). Comorbidity
prevalence varied significantly (p < 0.05), with congest-
ive heart failure, COPD, peptic ulcer disease, and liver
disease showing increasing incidence, whereas diabetes
mellitus demonstrated a decreasing incidence with
higher BCR levels. Most notably, both 60- and 365-day
mortality rates increased progressively across the BCR
quartiles (p < 0.001).

Clin. Lab. 8/2026

Association between BCR and mortality in patients
with ESRD

Kaplan-Meier analysis was used to evaluate the associa-
tion between BCR values and both 60- and 365-day
mortality rates (Figure 2). Figure 2A shows that the Q1
group exhibited significantly higher survival rates than
those of the Q2, Q3, and Q4 groups (p < 0.05), whereas
the Q2 group showed superior survival outcomes rela-
tive to the Q3 and Q4 groups (p < 0.05). Figure 2B
shows that the QI group maintained a significantly
greater survival probability than that of the Q2 - Q4
groups (p <0.001).
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Figure S. Receiver operating characteristic (ROC) curve analysis of BCR, BUN, and Scr for predicting mortality in patients

with ESRD.

A: ROC curve for 60-day mortality. B: ROC curve for 365-day mortality.
BCR: blood urea nitrogen-to-creatinine ratio, BUN: blood urea nitrogen, ESRD: end-stage renal disease.
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Subsequent multivariate Cox regression analysis was
used to examine the relationship between BCR values
and mortality outcomes while controlling for potential
confounders (Table 1). The results confirmed signifi-
cant associations between BCR and both 60- and 365-
day mortality rates (p < 0.05). In Model 1 (unadjusted
analysis), each one-unit increase in BCR was associated
with a 3% increased risk of 60-day mortality and 2% in-
creased risk of 365-day mortality (p < 0.001). Com-
pared with Q1, the Q2 group demonstrated 34% and
32% increased risks of 60- and 365-day mortality, re-
spectively (p < 0.05). After full adjustment in Model 3,
each one-unit BCR increment remained significantly as-
sociated with a 3% increase in both 60- and 365-day
mortality risks.

Linear association between the BCR and patient
mortality

To further investigate the potential linear relationship
between BCR and mortality, we performed RCS analy-
sis (Figure 3). The RCS revealed a significant linear as-
sociation between BCR and 60-day mortality (p-overall
< 0.001, p-non-linear = 0.237), demonstrating a gradual
but consistent increase in mortality risk with increasing
BCR values. In contrast, BCR showed a significant in-
verted “S”-shaped non-linear relationship with 365-day
mortality (p-overall < 0.001, p-non-lincar = 0.018),
characterized by an initial increase in mortality risk fol-
lowed by a subsequent decrease and then another in-
crease as BCR values ascended.

Subgroup analysis

Subgroup analysis demonstrated no significant interac-
tion effects between BCR values and clinical character-
istics (gender, race, malignancy, peptic ulcer disease, or
congestive heart failure) on either 60- or 365-day mor-
tality in patients with ESRD (all p > 0.05, Figures 4A,
4B); however, stratified analyses identified male gen-
der, white race, absence of malignancy, absence of pep-
tic ulcer disease, and presence of congestive heart fail-
ure as significant predictors of increased 60- and 365-
day mortality risk (all p < 0.05, Figures 4A, 4B).

Figure 5 demonstrates the predictive performance of
BUN, Scr, and BCR for 60- and 365-day mortality in
patients with ESRD, revealing that BCR exhibited supe-
rior predictive accuracy at both time points (p < 0.001).
The optimal cutoff values were 8.96 for 60-day mortali-
ty (sensitivity = 0.603, specificity = 0.517) and 6.24 for
365-day mortality (sensitivity = 0.816, specificity =
0.277), as detailed in Table 2.

DISCUSSION

The association between the BCR and 60- and 365-day
mortality in patients with ESRD was examined. After
adjustment for multiple confounders, BCR remained in-
dependently and positively associated with both short-
term (60-day) and long-term (365-day) mortality. RCS
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analysis indicated a linear relationship between BCR
and 60-day mortality (p-overall < 0.001), whereas the
association with 365-day mortality was non-linear (p-
overall < 0.001; p-non-linear = 0.018). ROC curve
analyses confirmed that BCR predicted mortality more
accurately than BUN or Scr alone.

As a key biochemical marker of amino acid and creatine
metabolism [13,14], BCR has demonstrated prognostic
value across diverse clinical settings. Shigehiko et al.
[15] reported that elevated BCR was significantly asso-
ciated with increased in-hospital mortality in patients
with acute kidney injury. Furthermore, mortality risk
was lowest within a specific BCR range, echoing the
non-linear relationship we observed for 365-day mor-
tality in ESRD. Additional studies have linked higher
BCR to adverse outcomes in chronic kidney disease
[16], liver cirrhosis [17], acute ischemic stroke [18], and
septic shock [19], suggesting that BCR may also inform
prognosis in non-ICU ESRD populations.

Key findings include the following. First, increasing
BCR was not accompanied by a higher prevalence of
diabetes. We hypothesize that patients with diabetic
nephropathy who progress to ESRD have already expe-
rienced cardiovascular events [20], introducing survival
bias in our cohort. Second, BCR exhibited an inverted
S-shaped, non-linear association with 365-day mortali-
ty: risk was elevated when BCR was < 12 or > 20,
whereas the intermediate range (12.9 - 17.6) conferred
the lowest risk [21-24]. This pattern likely reflects dis-
tinct pathophysiologic states across BCR strata. Third,
the Scr-only model performed poorly (AUC = 0.403),
with low sensitivity, underscoring the limitations of
using Scr alone. Finally, in the subgroup with peptic ul-
cer disease, confidence intervals markedly widened,
possibly due to fluctuations in BUN driven by gastroin-
testinal bleeding [25,26].

An elevated BCR may result from increased BUN, de-
creased Scr, or both. In this cohort, BUN rose and Scr
declined as BCR increased (both p < 0.001). Prior work
indicates that BUN is influenced by dietary protein in-
take [27]; moderate protein restriction can slow renal
function decline, whereas reduced Scr often signals
muscle wasting [28]. Thus, BCR may serve as a proxy
for metabolic and nutritional status [29], with higher
values reflecting malnutrition, a well-established pre-
dictor of adverse outcomes [30]. Although we did not
directly measure nutritional status, hemoglobin, used as
a surrogate marker, partially supports this interpretation
[31].

Strengths of our study include: 1) a large sample size
(n = 2,102) derived from the MIMIC-IV database and
2) the use of multiple statistical methods to validate
findings. Limitations include: the 1) reliance on a single
database and 2) inherent constraints of retrospective de-
sign in controlling confounding. To minimize bias, we
incorporated comprehensive covariates and employed
multivariable Cox regression. Prospective studies are
warranted to confirm the prognostic utility of BCR and
to develop multi-biomarker prediction models.
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In summary, BCR is an independent predictor of mor-
tality in patients with ESRD and has potential clinical
value. Its underlying mechanisms and optimal applica-
tion require further elucidation.
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