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Purpose: The blood urea nitrogen/creatinine ratio (BCR) is an effective marker for disease severity stratification. Its efficacy has been 
demonstrated under numerous conditions. This study aims to investigate the relationship between BCR and in-hospital mortality in 
intensive care unit (ICU) patients with acute exacerbation of chronic obstructive pulmonary disease (AECOPD).
Patients and Methods: Eligible ICU patients with AECOPD from the eICU database were included in the study. Patients were 
divided into high-BCR and low-BCR groups on the basis of the optimal cutoff value (22.78) of the ROC curve for predicting in- 
hospital mortality in AECOPD patients. Propensity score matching (PSM) was used to balance the baseline differences between the 
high-BCR and low-BCR groups. Multivariate logistic regression was used to analyze the relationship between BCR and in-hospital 
mortality in ICU patients with AECOPD. Decision curve analysis (DCA) was performed to evaluate the clinical efficacy of each model 
via multivariate logistic regression.
Results: A total of 3399 eligible ICU patients with AECOPD were included in the study, with 1559 patients in the high-BCR group and 
1840 patients in the low-BCR group. After propensity score matching (PSM), 1174 pairs of patients were successfully matched. The 
results of the multivariate logistic regression revealed that the in-hospital mortality rate for AECOPD patients in the high-BCR subgroup 
was significantly greater than that in the low-BCR subgroup in both the unmatched and matched cohorts after adjusting for multiple 
factors. Additionally, DCA demonstrated that the models used in the multivariate logistic regression had effective clinical utility.
Conclusion: The blood urea nitrogen/creatinine ratio (BCR) is an effective predictor of in-hospital mortality in ICU patients with AECOPD. 
Clinicians can use BCR to identify critically ill ICU patients with AECOPD earlier and implement interventions to improve patient outcomes.
Keywords: acute exacerbation of chronic obstructive pulmonary disease, blood urea nitrogen, creatinine, intensive care unit, hospital 
mortality

Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive respiratory disease that primarily involves chronic 
bronchitis and emphysema and affects the airways and lungs. It is characterized by persistent airflow limitation resulting 
from bronchial obstruction, which is not fully reversible, even with bronchodilator treatments.1,2 According to 2019 
statistics from the World Health Organization, COPD is now the third leading cause of death globally.3 As the population 
ages and air quality worsens, the prevalence of COPD is expected to increase, which could increase its economic and 
social impact.4 Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is characterized by rapid 
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intensification of respiratory symptoms, including increased dyspnea, coughing, and sputum production, in COPD 
patients. These exacerbations are closely associated with viral and bacterial infections, as well as environmental 
pollution, making them a significant cause of hospitalization and mortality among COPD patients.5,6 AECOPD often 
leads to acute respiratory failure, which frequently necessitates endotracheal intubation or invasive mechanical ventila-
tion in the intensive care unit (ICU). It has been reported that 2%–19% of hospitalized AECOPD patients require ICU 
admission, and the in-hospital mortality rate for these patients in the ICU ranges from 12% to 24%.7,8

BUN is a nitrogenous compound in the plasma that is produced by the liver and excreted through the kidneys. BUN 
levels are used to assess glomerular filtration function, and are crucial in the diagnosis, treatment, and prognosis of 
kidney diseases.9 Research indicates that a blood urea nitrogen level ≥7.3 mmol/L serves as an independent risk factor for 
in-hospital mortality among patients hospitalized with AECOPD.10 Additionally, BUN levels are closely associated with 
the length of hospital stays in COPD patients.11 BUN levels may be valuable in identifying severe cases of AECOPD and 
in stratifying patient risk.12 Creatinine (Cr), a metabolic byproduct of creatine and phosphocreatine, is mainly excreted by 
the kidneys. Elevated blood Cr levels are linked to impaired renal function.13 In patients with COPD, renal involvement 
and muscle atrophy are significant clinical issues, and both conditions contribute to changes in blood creatinine 
levels.14,15 Recently, the ratio of BUN to creatinine (BCR) has been recognized as having clinical value in various 
medical fields. For example, a high BCR is associated with better in-hospital survival in cardiogenic shock patients, 
whereas a low BCR is an independent risk factor for stroke.16,17 Additionally, a high BCR has been linked to increased 
mortality in patients with postoperative gastrointestinal tumor fistulas.18 In respiratory medicine, the BCR holds 
significant clinical value for diagnosing diseases and assessing patient prognosis. The BCR is an effective predictor of 
mortality risk in COVID-19 patients, supporting personalized treatment approaches.19 A BCR of 97.893 or higher 
reliably predicts an increased risk of sarcopenia in COPD patients.14 To our knowledge, no studies have yet elucidated 
the relationship between BCR and mortality among ICU-admitted patients with AECOPD.

Our study aims to explore whether the BUN/Cr ratio can serve as an indicator of mortality among ICU patients with 
AECOPD. This investigation seeks to determine whether a simple biomarker can facilitate the early identification of 
critically ill AECOPD patients, potentially enabling more timely and appropriate interventions.

Materials and Methods
Data Source
The data for this study were obtained from the eICU Collaborative Research Database (eICU-CRD). This multicenter 
database contains deidentified health data for over 200,000 patients who were treated in ICUs across the United States 
from 2014 to 2015.20 It includes records of critical vital signs, nursing plans, disease severity assessments, diagnostic 
information, and treatment details. Access to the database was granted to Author Zhiwei Long, with the following 
credentials: Name ID - 12635073; Record ID - 58,429,392.

Ethics Statement
This study employed a retrospective design, obtained informed consent from the patients, and all the data used were 
anonymized and de-identified. Since this research does not involve any harm to human subjects, sensitive patient 
information, or commercial interests, the Ethics Review Committee of the First Affiliated Hospital of Guangzhou 
Medical University waived the requirement for ethical review.

Study Population
This study included a total of 3399 patients with AECOPD. The inclusion criteria were as follows: (1) participant was 
diagnosed with AECOPD according to the International Classification of Diseases 10 (ICD-10). The exclusion criteria 
were as follows: (1) participant had an ICU stay shorter than 24 hours; (2) there was an absence of BUN or creatinine 
measurements for the participant within the first 24 hours of ICU admission; and (3) for potential participants with 
multiple ICU admissions, only the first admission was included in the study. Figure 1 illustrates the detailed study 
population inclusion process.
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Variable Extraction
Data was extracted by Structured Query Language (SQL 16.0) and Navicat Premium 16. The extracted data included the 
following categories: (1) Demographics: age, sex, height, weight, and ethnicity. (2) Vital signs: heart rate, respiratory 
rate, systolic blood pressure, diastolic blood pressure, and oxygen saturation (SpO2). (3) Laboratory indicators: red blood 
cell distribution width, hemoglobin, white blood cell (WBC), platelet (PLT), potassium, sodium, calcium, glucose, blood 
urea nitrogen (BUN), creatinine (Cr), pH, PaO2, PaCO2, anion gap, and bicarbonate. (4) Comorbidities: hypertension, 
diabetes, asthma, congestive heart failure, myocardial infarction, liver disease, gastrointestinal hemorrhage, chronic 
kidney disease, malignant tumors, sepsis, end-stage renal disease, and acute kidney injury. (5) Treatments: corticoster-
oids, bronchodilators, invasive ventilation, and dialysis. (6) APACHE-IV score and length of stay in the ICU.

Statistical Analysis
The normality of the data was assessed via the Kolmogorov‒Smirnov test. Depending on the results of this normality 
test, continuous variables were analyzed via either the t test or the Mann‒Whitney test. For categorical variables, analysis 
was conducted via either the chi-square test or Fisher’s exact test, as appropriate. A receiver operating characteristic 
(ROC) curve was used to predict in-hospital mortality among patients with AECOPD. The sensitivity and specificity 
were calculated, and the Youden index was determined via the following formula: sensitivity + specificity - 1. The 
optimal cutoff value for the BCR, which maximized the Youden index, was identified as 22.78. Patients were subse-
quently categorized into high-BCR and low-BCR groups on the basis of this threshold.

Logistic regression was used to compute propensity scores (PSs) for the high-BCR and low-BCR groups. A 1:1 
nearest neighbor propensity score matching (PSM) strategy, with a caliper width of 0.02, was implemented to balance the 
baseline characteristics between the high- and low-BCR groups. This matching process successfully paired 1174 patients. 
The standardized mean difference (SMD) was calculated post-matching to evaluate the balance achieved. Empirical 
cumulative distribution function (ECDF) and density plots were generated before and after matching to assess the 
efficacy of the matching process.

Figure 1 Study Population Inclusion.
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We employed multivariable logistic regression to evaluate the relationship between BCR and in-hospital mortality 
among ICU-admitted patients with AECOPD. To mitigate multicollinearity, any variable with a variance inflation factor 
(VIF) greater than 5 was excluded. The analysis was organized into four distinct models. Crude Model: Unadjusted for 
any variables. Model 1: Adjusted for age, sex, ethnicity, and BMI. Model 2: Further adjusted for comorbidities 
(hypertension, diabetes, congestive heart failure, myocardial infarction, asthma, liver disease, gastrointestinal hemor-
rhage, chronic kidney disease, end-stage renal disease, acute kidney injury, malignant tumor, sepsis), in addition to the 
variables in Model 1. Model 3: Adjusted for all the variables except BUN and creatinine (age, sex, ethnicity, BMI, heart 
rate, respiratory rate, systolic blood pressure, diastolic blood pressure, SpO2, hypertension, diabetes, congestive heart 
failure, myocardial infarction, asthma, liver disease, gastrointestinal hemorrhage, chronic kidney disease, end-stage renal 
disease, acute kidney injury, malignant tumor, sepsis, hemoglobin, WBC, PLT, RDW, glucose, sodium, potassium, 
calcium, pH, PaCO2, PaO2, anion gap, bicarbonate, corticosteroids, bronchodilators, invasive ventilation, dialysis, 
APACHE-IV score, and ICU length of stay). Furthermore, decision curve analysis (DCA) was performed to assess the 
stability and clinical utility of each model.

Binary logistic regression was used for subgroup analysis to explore the performance of BCR among various 
AECOPD patient subgroups, and to identify potential interactions between these subgroups and BCR. Statistical 
significance was determined by a two-tailed P value of <0.05. All the statistical analyses were conducted via 
R software, version 4.3.1.

Results
Original Cohort
The study included a total of 3399 AECOPD patients from the eICU database, of whom 297 died in the hospital and 
3102 survived. The median age of the patients was 68 years, with males comprising 45.84% of the study group, and 
82.94% identifying as Caucasian. Table 1 details the baseline differences between the survivors and nonsurvivors. 
Nonsurvivors were significantly older than the survivors (p<0.001), had lower BMI values (p<0.001), and a greater 

Table 1 Baseline Data of the Original Cohort

Variable Total (n=3399) Survivors (n=3102) Non-Survivors (n=297) P-Value

Demographic

Age 68.00 (60.00, 76.00) 68.00 (60.00, 75.00) 73.00 (66.00, 80.00) <0.001

Male 1558 (45.84) 1424 (45.91) 134 (45.12) 0.795

BMI 27.70 (22.42, 34.31) 28.07 (22.61, 34.81) 25.66 (20.70, 30.41) <0.001

Ethnicity

White 2819 (82.94) 2556 (82.40) 263 (88.55) 0.026

Black 306 (9) 289 (9.32) 17 (5.72)

Others 274 (8.06) 257 (8.28) 17 (5.72)

Vital signs

HR (beats/min) 90.00 (81.00, 99.00) 90.00 (80.00, 99.00) 92.00 (86.00, 106.00) <0.01

RR (beats/min) 21.00 (18.00, 23.00) 21.00 (18.00, 23.00) 21.00 (19.00, 24.00) 0.007

SBP (mmHg) 122.26 (110.70, 132.00) 122.26 (111.18, 132.66) 114.00 (103.32, 123.44) <0.001

DBP (mmHg) 66.90 (60.00, 72.84) 66.90 (60.33, 73.20) 63.92 (56.72, 68.87) <0.001

SpO2 (%) 96.00 (94.38, 97.55) 96.00 (94.38, 97.53) 96.15 (94.53, 97.59) 0.180

(Continued)
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Table 1 (Continued). 

Variable Total (n=3399) Survivors (n=3102) Non-Survivors (n=297) P-Value

Comorbidities

Hypertension 571 (16.8) 526 (16.96) 45 (15.15) 0.427

Diabetes 519 (15.27) 470 (15.15) 49 (16.50) 0.538

Congestive heart failure 672 (19.77) 610 (19.66) 62 (20.88) 0.617

Myocardial infarction 118 (3.47) 96 (3.09) 22 (7.41) <0.001

Asthma 157 (4.62) 146 (4.71) 11 (3.70) 0.431

Liver disease 40 (1.18) 30 (0.97) 10 (3.37) <0.001

Gastrointestinal hemorrhage 70 (2.06) 55 (1.77) 15 (5.05) <0.001

Chronic kidney disease 198 (5.83) 173 (5.58) 25 (8.42) 0.046

End stage renal disease 46 (1.35) 45 (1.45) 1 (0.34) 0.185

Acute renal failure 439 (12.92) 362 (11.67) 77 (25.93) <0.001

Malignant tumor 77 (2.27) 64 (2.06) 13 (4.38) 0.010

Sepsis 532 (15.65) 443 (14.28) 89 (29.97) <0.001

Laboratory

Hemoglobin(g/dL) 11.89 (10.45, 13.25) 11.90 (10.50, 13.30) 11.20 (9.80, 12.55) <0.001

WBC(K/uL) 10.85 (7.95, 14.20) 10.70 (7.90, 13.80) 12.90 (8.50, 18.15) <0.001

PLT(K/uL) 213.00 (167.00, 265.00) 214.00 (167.50, 264.50) 209.00 (158.00, 273.00) 0.493

RDW(%) 15.20 (14.00, 16.25) 15.15 (14.00, 16.20) 15.40 (14.10, 16.50) 0.181

Glucose(mg/dL) 168.84 (144.45, 170.38) 168.84 (144.85, 170.00) 168.84 (139.50, 171.50) 0.332

Sodium(mmol/L) 138.50 (135.50, 141.00) 138.50 (135.67, 141.00) 138.50 (135.50, 141.00) 0.399

Potassium(mmol/L) 4.30 (3.90, 4.68) 4.30 (3.90, 4.65) 4.30 (3.90, 4.80) 0.306

Calcium(mg/dL) 8.71 (8.30, 9.10) 8.71 (8.35, 9.10) 8.52 (8.00, 9.00) <0.001

PH 7.30 (7.30, 7.40) 7.30 (7.30, 7.40) 7.30 (7.30, 7.40) 0.966

PaO2(mmHg) 104.47 (75.69, 112.83) 104.31 (75.67, 111.42) 106.57 (75.80, 124.33) 0.107

PaCO2(mmHg) 60.25 (48.90, 68.65) 60.25 (49.00, 69.00) 60.25 (46.67, 64.50) 0.113

Anion gap(mEq/L) 9.79 (7.00, 12.68) 9.76 (7.00, 12.59) 10.00 (7.00, 13.20) 0.354

Bicarbonate(mmol/L) 29.78 (25.00, 34.00) 29.78 (25.00, 34.00) 28.50 (24.50, 33.00) 0.012

BUN(mg/dL) 21.50 (15.00, 33.00) 21.00 (14.50, 32.00) 30.00 (20.00, 43.00) <0.001

Cr(mg/dL) 0.97 (0.70, 1.40) 0.95 (0.70, 1.35) 1.14 (0.75, 1.84) <0.001

BCR 21.76 (16.50, 28.75) 21.53 (16.29, 28.30) 25.13 (18.89, 32.64) <0.001

Treatment

Corticosteroid 385 (11.33) 362 (11.67) 23 (7.74) 0.041

Bronchodilators 499 (14.68) 458 (14.76) 41 (13.80) 0.655

(Continued)
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proportion were Caucasian (p=0.026). These patients also presented higher respiratory rates and heart rates (p<0.001 and 
p=0.007, respectively) and lower systolic and diastolic blood pressures (p<0.001). The prevalence of comorbidities such 
as heart failure (p<0.001), liver disease (p<0.001), gastrointestinal hemorrhage (p<0.001), chronic kidney disease 
(p=0.046), acute kidney injury (p<0.001), malignant tumors (p=0.010), and sepsis (p<0.001) was significantly greater 
among the nonsurvivors. The laboratory findings revealed that nonsurvivors had lower hemoglobin levels (p<0.001) and 
higher white blood cell counts (p<0.001), as well as lower levels of calcium (p<0.001) and bicarbonate (p<0.001), and 
higher levels of blood urea nitrogen (p<0.001) and creatinine (p<0.001). Within the first 24 hours of ICU admission, 
a greater percentage of survivors received corticosteroid therapy (p=0.041), whereas nonsurvivors were more likely to 
undergo invasive ventilation (p<0.001). Furthermore, nonsurvivors had significantly higher APACHE-IV scores 
(p<0.001) and longer ICU stays (p<0.001).

Before Propensity Score Matching
The ROC curve was plotted to assess the ability of the BCR to predict the in-hospital mortality of AECOPD patients in 
the ICU. The optimal cutoff value was determined to be 22.78, thereby dividing the original cohort into two groups: 
a high-BCR group (BCR≥22.78) and a low-BCR group (BCR<22.78). Details of the ROC curve analysis are provided in 
Table S1 and Figure S1. The baseline characteristics of each group are documented in Table 2. Compared with the low- 
BCR group, the high-BCR group was significantly older (p<0.001), had a lower proportion of males (p<0.001), had 
a lower BMI (p<0.001), and had a greater proportion of Caucasians (p<0.001). Vital signs revealed that the high BCR 
group had a significantly greater heart rate (p=0.048) and lower systolic (p=0.002) and diastolic (p<0.001) blood 

Table 1 (Continued). 

Variable Total (n=3399) Survivors (n=3102) Non-Survivors (n=297) P-Value

Invasive-ventilation 235 (6.91) 194 (6.25) 41 (13.80) <0.001

Dialysis 81 (2.38) 75 (2.42) 6 (2.02) 0.668

APACHE-IV 58.00 (48.00, 64.50) 58.00 (47.00, 63.00) 64.00 (58.00, 86.00) <0.001

ICU stay (day) 2.73 (1.72, 4.71) 2.73 (1.72, 4.71) 4.18 (2.42, 7.19) <0.001

Notes: A p-value less than 0.05 is considered statistically significant. 
Abbreviations: BMI, Body Mass Index; HR, Heart Rate; RR, Respiratory Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; RDW, Red Blood 
Cell Distribution Width; WBC, White Blood Cell; PLT, Platelet; Cr, Creatinine; BUN, Blood urea nitrogen; BCR, BUN to Creatinine ratio.

Table 2 The Baseline Data for the High BCR Group and Low BCR Group Before Propensity 
Score Matching(PSM)

Variable BCR<22.78 (n=1840) BCR≥22.78 (n=1559) P-Value

Demographic

Age 66.00 (58.00, 74.00) 70.00 (62.00, 77.00) <0.001

Male 914 (49.67) 644 (41.31) <0.001

BMI 28.51 (23.27, 35.32) 26.81 (21.30, 32.95) <0.001

Ethnicity

White 1460 (79.35) 1359 (87.17) <0.001

Black 221 (12.01) 85 (5.45)

Others 159 (8.64) 115 (7.38)

(Continued)
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Table 2 (Continued). 

Variable BCR<22.78 (n=1840) BCR≥22.78 (n=1559) P-Value

Vital signs

HR (beats/min) 90.00 (80.00, 99.00) 90.00 (81.00, 99.00) 0.048

RR (beats/min) 21.00 (18.00, 23.00) 21.00 (18.00, 23.00) 0.932

SBP (mmHg) 122.26 (111.25, 132.78) 121.17 (109.94, 130.51) 0.002

DBP (mmHg) 66.90 (60.00, 72.84) 66.64 (59.32, 71.65) <0.01

SpO2 (%) 96.00 (94.36, 97.57) 96.00 (94.41, 97.52) 0.833

Comorbidities

Hypertension 324 (17.61) 247 (15.84) 0.170

Diabetes 282 (15.33) 237 (15.20) 0.920

Congestive heart failure 361 (19.62) 311 (19.95) 0.810

Myocardial infarction 65 (3.53) 53 (3.40) 0.833

Asthma 107 (5.82) 50 (3.21) <0.001

Liver disease 23 (1.25) 17 (1.09) 0.667

Gastrointestinal hemorrhage 32 (1.74) 38 (2.44) 0.153

Chronic kidney disease 110 (5.98) 88 (5.64) 0.679

End stage renal disease 45 (2.45) 1 (0.06) <0.001

Acute renal failure 249 (13.53) 190 (12.19) 0.244

Malignant tumor 42 (2.28) 35 (2.25) 0.942

Sepsis 297 (16.14) 235 (15.07) 0.393

Laboratory

Hemoglobin(g/dL) 12.00 (10.50, 13.50) 11.80 (10.40, 13.00) <0.001

WBC(K/uL) 10.63 (7.90, 13.87) 11.10 (8.00, 14.40) 0.038

PLT(K/uL) 214.17 (168.00, 267.00) 212.00 (165.00, 263.50) 0.147

RDW(%) 15.10 (13.95, 16.25) 15.25 (14.10, 16.25) 0.165

Glucose(mg/dL) 168.84 (145.19, 168.84) 168.84 (143.00, 171.71) 0.432

Sodium(mmol/L) 138.00 (135.50, 141.00) 139.00 (136.00, 141.00) <0.001

Potassium(mmol/L) 4.25 (3.90, 4.60) 4.30 (3.95, 4.70) <0.001

Calcium(mg/dL) 8.71 (8.30, 9.10) 8.75 (8.35, 9.13) 0.121

PH 7.30 (7.30, 7.40) 7.30 (7.30, 7.40) 0.114

PaO2(mmHg) 107.37 (75.69, 116.66) 101.00 (75.73, 109.00) 0.074

PaCO2(mmHg) 60.25 (46.14, 65.00) 60.25 (52.00, 72.00) <0.001

Anion gap(mEq/L) 10.15 (7.32, 13.06) 9.00 (6.32, 12.00) <0.001

Bicarbonate(mmol/L) 28.12 (24.50, 32.37) 30.00 (26.84, 35.00) <0.001

(Continued)
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pressures. Comorbidity analysis revealed significantly lower proportions of asthma and end-stage renal disease in the 
high-BCR subgroup (p<0.001 for both). The laboratory findings revealed that the high-BCR group had lower hemoglobin 
levels (p<0.001), higher white blood cell counts (p=0.038), and elevated levels of sodium (p<0.001), potassium 
(p<0.001), PaCO2 (p<0.001), and bicarbonate (p<0.001), along with a lower anion gap (p<0.001) and higher blood 
urea nitrogen (p<0.001) and creatinine (p<0.001) levels. The low-BCR group had a significantly greater need for dialysis 
(p<0.001). Furthermore, the high-BCR group had significantly greater APACHE-IV scores, longer ICU stays, and higher 
in-hospital mortality rates (all p<0.001).

After Propensity Score Matching
Propensity scores (PSs) for the high- and low-BCR groups were calculated via logistic regression. Subsequently, 1:1 nearest 
neighbor propensity score matching (PSM) with a caliper width of 0.02 was performed, successfully pairing 1174 patients 
between the groups. The efficiency of the match, as shown in Table S2 through the standardized mean difference (SMD) of 
variables postmatching, all of which were less than 0.1, confirms high-quality matching. Additionally, the empirical cumulative 
distribution function (ECDF) and density plots for the matched population demonstrated nearly perfect overlap, indicating the 
high quality of the match (Figures S2 and S3). Table 3 shows the baseline characteristics of the high- and low-BCR groups after 
matching. The results indicate that, with the exceptions of systolic blood pressure and white blood cell count, all the baseline 
characteristics were balanced between the high-BCR and low-BCR groups (p>0.05), confirming the effectiveness of the 
matching process. Notably, creatinine levels were significantly higher in the high-BCR subgroup than in the low-BCR subgroup 
prior to propensity score matching (p<0.001). However, after matching, creatinine levels were significantly lower in the high- 
BCR subgroup than in the low-BCR subgroup (p<0.001). This shift suggests that confounding factors in the unmatched cohort 
may have distorted the true relationship between creatinine levels in the two groups, which PSM effectively corrected.

Relationship Between BCR and in-Hospital Mortality
We utilized multivariable logistic regression to examine the association between BCR and in-hospital mortality among ICU 
patients with AECOPD. Four models were constructed for analysis: Crude model without adjustments; Model 1 adjusted for 
age, sex, ethnicity, and BMI; Model 2 further adjusted for comorbidities (hypertension, diabetes, congestive heart failure, 
myocardial infarction, asthma, liver disease, gastrointestinal hemorrhage, chronic kidney disease, end-stage renal disease, 

Table 2 (Continued). 

Variable BCR<22.78 (n=1840) BCR≥22.78 (n=1559) P-Value

BUN(mg/dL) 17.00 (12.20, 26.50) 27.00 (19.84, 40.00) <0.001

Cr(mg/dL) 1.03 (0.76, 1.50) 0.88 (0.64, 1.29) <0.001

Treatment

Corticosteroid 206 (11.20) 179 (11.48) 0.793

Bronchodilators 275 (14.95) 224 (14.37) 0.635

Invasive-ventilation 139 (7.55) 96 (6.16) 0.110

Dialysis 68 (3.70) 13 (0.83) <0.001

APACHE-IV 58.00 (45.00, 62.00) 58.00 (51.00, 67.00) <0.001

ICU stay (day) 2.57 (1.63, 4.36) 2.93 (1.81, 5.02) <0.001

In-hospital mortality 116(6.30) 181(11.61) <0.001

Notes: A p-value less than 0.05 is considered statistically significant. 
Abbreviations: BMI, Body Mass Index; HR, Heart Rate; RR, Respiratory Rate; SBP, Systolic Blood Pressure; DBP, Diastolic 
Blood Pressure; RDW, Red Blood Cell Distribution Width; WBC, White Blood Cell; PLT, Platelet; Cr, Creatinine; BUN, 
Blood urea nitrogen; BCR, BUN to Creatinine ratio.
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Table 3 The Baseline Data for the High BCR Group and Low BCR Group After Propensity 
Score Matching (PSM)

Variable BCR<22.78 (n=1174) BCR≥22.78(n=1174) P-Value

Demographic

Age 69.00 (60.00, 76.00) 68.00 (61.00, 76.00) 0.815

Male 526 (44.80) 539 (45.91) 0.590

BMI 28.15 (23.09, 33.93) 27.54 (21.95, 33.95) 0.077

Ethnicity

White 1002 (85.35) 1000 (85.18) 0.808

Black 87 (7.41) 82 (6.98)

Others 85 (7.24) 92 (7.84)

Vital signs

HR (beats/min) 89.99 (79.23, 99.23) 89.99 (81.34, 99.20) 0.078

RR (beats/min) 21.02 (18.34, 23.47) 21.00 (18.50, 22.98) 0.386

SBP (mmHg) 122.26 (111.30, 131.74) 121.14 (110.27, 130.37) 0.047

DBP (mmHg) 66.90 (60.00, 72.58) 66.90 (59.81, 72.28) 0.543

SpO2 (%) 96.03 (94.34, 97.53) 96.00 (94.38, 97.43) 0.762

Comorbidities

Hypertension 197 (16.78) 191 (16.27) 0.739

Diabetes 178 (15.16) 171 (14.57) 0.685

Congestive heart failure 242 (20.61) 229 (19.51) 0.503

Myocardial infarction 47 (4.00) 38 (3.24) 0.320

Asthma 46 (3.92) 47 (4.00) 0.916

Liver disease 11 (0.94) 14 (1.19) 0.546

Gastrointestinal hemorrhage 23 (1.96) 24 (2.04) 0.883

Chronic kidney disease 73 (6.22) 64 (5.45) 0.428

End stage renal disease 2 (0.17) 1 (0.09) 1.000

Acute renal failure 157 (13.37) 148 (12.61) 0.581

Malignant tumor 28 (2.39) 32 (2.73) 0.601

Sepsis 176 (14.99) 176 (14.99) 1.000

Laboratory

Hemoglobin(g/dL) 11.89 (10.40, 13.30) 11.89 (10.50, 13.15) 0.383

WBC(K/uL) 10.50 (7.70, 13.70) 11.20 (8.11, 14.57) 0.003

PLT(K/uL) 211.50 (166.00, 263.00) 215.00 (165.62, 269.00) 0.540

RDW(%) 15.10 (13.91, 16.20) 15.20 (14.05, 16.20) 0.201

Glucose(mg/dL) 168.84 (145.50, 168.84) 168.84 (144.00, 170.00) 0.543

(Continued)
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acute kidney injury, malignant tumor, sepsis) on top of Model 1; and Model 3 adjusted for all factors (age, sex, ethnicity, BMI, 
heart rate, respiratory rate, systolic blood pressure, diastolic blood pressure, SpO2, comorbidities listed earlier, hemoglobin, 
white blood cell count, platelet count, RDW, glucose, sodium, potassium, calcium, pH, PaCO2, PaO2, anion gap, bicarbonate, 
corticosteroid use, bronchodilator use, invasive ventilation, dialysis, APACHE-IV score, and ICU length of stay). To mitigate 
the risk of collinearity, only variables with a variance inflation factor less than 5 were included in the analyses. The results of 
the multivariable logistic regression are presented in Table 4. Before propensity score matching (PSM), the results were as 

Table 3 (Continued). 

Variable BCR<22.78 (n=1174) BCR≥22.78(n=1174) P-Value

Sodium(mmol/L) 138.50 (136.00, 141.00) 138.50 (135.50, 141.00) 0.173

Potassium(mmol/L) 4.30 (3.90, 4.70) 4.30 (3.90, 4.70) 0.799

Calcium(mg/dL) 8.71 (8.30, 9.15) 8.71 (8.30, 9.10) 0.219

PH 7.30 (7.30, 7.40) 7.30 (7.30, 7.40) 0.567

PaO2(mmHg) 105.35 (75.50, 114.19) 103.23 (76.00, 108.96) 0.543

PaCO2(mmHg) 60.25 (49.42, 68.16) 60.25 (49.95, 69.00) 0.915

Anion gap(mEq/L) 10.00 (6.75, 12.50) 9.50 (7.00, 12.50) 0.898

Bicarbonate(mmol/L) 29.78 (25.50, 34.00) 29.78 (26.00, 33.50) 0.954

BUN(mg/dL) 17.29 (12.50, 26.50) 27.00 (19.50, 39.00) <0.001

Cr(mg/dL) 1.00 (0.75, 1.49) 0.90 (0.65, 1.30) <0.001

Treatment

Corticosteroid 128 (10.90) 133 (11.33) 0.743

Bronchodilators 155 (13.20) 167 (14.22) 0.472

Invasive-ventilation 82 (6.98) 66 (5.62) 0.174

Dialysis 14 (1.19) 12 (1.02) 0.693

APACHE-IV 58.00 (47.00, 65.00) 58.00 (49.00, 64.00) 0.397

ICU stay (day) 2.70 (1.69, 4.66) 2.85 (1.77, 4.82) 0.149

In-hospital mortality 87 (7.41) 128 (10.90) 0.003

Notes: A p-value less than 0.05 is considered statistically significant. 
Abbreviations: BMI, Body Mass Index; HR, Heart Rate; RR, Respiratory Rate; SBP, Systolic Blood Pressure; DBP, 
Diastolic Blood Pressure; RDW, Red Blood Cell Distribution Width; WBC, White Blood Cell; PLT, Platelet; Cr, 
Creatinine; BUN, Blood urea nitrogen; BCR, BUN to Creatinine ratio.

Table 4 Multivariate Logistic Regression Analysis of the in-Hospital Mortality Rate in ICU Patients with AECOPD

Crude 
Model

OR Model1 OR Model2 OR Model3 OR

Before PSM <0.001 1.952(1.530–2.491) <0.001 1.636(1.274–2.101) <0.001 1.693(1.310–2.188) 0.003 1.527(1.154–2.019)

PSM 0.004 1.529(1.149–2.034) 0.004 1.535(1.150–2.048) 0.003 1.555(1.156–2.091) 0.003 1.620(1.182–2.220)

Notes: Crude model: Unadjusted for any factors. Model 1: Adjusted for age, gender, ethnicity, and BMI. Model 2: Adjusted for age, gender, ethnicity, BMI, hypertension, 
diabetes, congestive heart failure, myocardial infarction, asthma, liver disease, gastrointestinal hemorrhage, chronic kidney disease, end-stage renal disease, acute kidney 
injury, malignant tumor, sepsis. Model 3: Adjusted for age, gender, ethnicity, BMI, heart rate, respiratory rate, systolic blood pressure, diastolic blood pressure, SpO2, 
hypertension, diabetes, congestive heart failure, myocardial infarction, asthma, liver disease, gastrointestinal hemorrhage, chronic kidney disease, end-stage renal disease, 
acute kidney injury, malignant tumor, sepsis, hemoglobin, WBC, PLT, RDW, glucose, sodium, potassium, calcium, pH, PaCO2, PaO2, anion gap, bicarbonate, corticosteroids, 
bronchodilators, invasive ventilation, dialysis, APACHE-IV score, ICU length of stay. 
Abbreviations: AECOPD, Acute exacerbation of chronic obstructive pulmonary disease; PSM, Propensity score matching.
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follows: unadjusted [OR=1.952 (1.530–2.491), p<0.001]; Model 1 [OR=1.636 (1.274–2.101), p<0.001]; Model 2 [OR=1.693 
(1.310–2.188), p<0.001]; Model 3 [OR=1.527 (1.154–2.019), p=0.003]. After PSM, the results were unadjusted [OR=1.529 
(1.149–2.034), p=0.004]; Model 1 [OR=1.535 (1.150–2.048), p=0.004]; Model 2 [OR=1.555 (1.156–2.091), p=0.003]; Model 
3 [OR=1.620 (1.182–2.220), p=0.003]. These findings indicate that both before and after PSM, the mortality rate among 
critically ill AECOPD patients in the high-BCR subgroup was significantly higher than that in the low-BCR subgroup. 
Elevated BCR levels serve as a significant predictor of in-hospital mortality among ICU patients with AECOPD. Additionally, 
decision curve analysis was employed to assess the clinical utility of Models 1, 2, and 3. As shown in Figure 2, the decision 
curves for Models 1, 2, and 3 remained consistently above the horizontal line in both the pre- and post-PSM cohorts, indicating 
stable model performance.

Subgroup Analysis
To explore potential interactions, we selected age (≥65 years vs <65 years), sex (male vs female), hypertension (yes vs 
no), diabetes (yes vs no), congestive heart failure (yes vs no), myocardial infarction (yes vs no), asthma (yes vs no), liver 
disease (yes vs no), gastrointestinal hemorrhage (yes vs no), chronic kidney disease (yes vs no), end-stage renal disease 
(yes vs no), acute kidney injury (yes vs no), malignant tumor (yes vs no), and sepsis (yes vs no) as subgroups. The 
results, presented in Figure 3, indicate that none of these subgroups demonstrated significant interactions with BCR (all 
p>0.05). These findings underscore the robustness of the BCR as a predictor of in-hospital mortality among AECOPD 
patients in the ICU.

Discussion
This retrospective study included 3,399 AECOPD patients from the eICU database. Our research is the first to identify an 
association between an elevated blood urea nitrogen/creatinine ratio and increased in-hospital mortality among AECOPD 
patients in the ICU. The large sample size, along with the use of propensity score matching and multivariable logistic 
regression, significantly reduces potential confounding factors, enhancing the reliability of our results.

Urea nitrogen is the end product of protein metabolism. A retrospective cohort study of 842 patients indicated that 
elevated BUN levels at emergency admission correlate with increased mortality in AECOPD patients.21 Furthermore, 

Figure 2 Decision curve analysis (DCA) evaluating the clinical utility of model 1, 2, 3 in the original cohort (A–C) and the PSM cohort (D–F). 
Notes: “All” represents the net benefit when all patients receive treatment. “None” represents the net benefit when no patients receive treatment. The blue lines represent 
the net benefits when treatment is administered according to each model.
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a multicenter retrospective cohort study indicated that when BUN levels were below 40 mg/dL, the length of hospital 
stay for COPD patients was positively correlated with BUN levels.11 Giri et al reported that critically ill AECOPD 
patients with BUN levels above 23 mg/dL faced a 1.736-fold greater risk of in-hospital mortality than did those with 
lower levels.12 These studies suggest an association between high BUN levels and disease severity in COPD patients. Cr 
is the end product of creatine and phosphocreatine metabolism. Previous studies have shown that low baseline serum Cr 
concentrations increase the risk of mortality in critically ill patients.22 Kawasaki et al reported that in 124 outpatient 
COPD patients, serum Cr levels were significantly lower in patients with severe COPD than in mild COPD patients.23 

Afzal et al reported that low serum Cr levels in critically ill COPD patients were associated with increased one-year in- 
hospital mortality.24 Additionally, a prospective cohort study demonstrated that low serum creatinine levels were 
correlated with sarcopenia and increased hospitalization rates in male outpatient COPD patients.25

The BCR is defined as the ratio of blood urea nitrogen to creatinine. It has been demonstrated to be associated with 
the onset and poor prognosis of various diseases, and can serve as an independent predictor of mortality. Wang et al 

Figure 3 Subgroup analysis of the relationship between in-hospital mortality and BCR in critically ill AECOPD patients.
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reported that BCR was related to all-cause mortality in patients with chronic heart failure combined with renal 
impairment.26 A prospective cohort study involving 26,379 patients indicated that low BCR levels were an independent 
high-risk factor for ischemic stroke.17 Liu et al provided epidemiological evidence that high BCR levels increase the risk 
of coronary artery disease in patients with type 2 diabetes.27 In particular, in the field of respiratory diseases, BCRs serve 
as valuable biomarkers for disease diagnosis and prognosis assessment. For example, the BCR can distinguish between 
asthma and heart failure.28 Ma et al suggested that the BCR might be a potential biomarker for in-hospital mortality risk 
in trauma-related acute respiratory distress syndrome patients.29

This study investigated the relationship between BCR levels and in-hospital mortality among ICU patients with 
AECOPD. Our research revealed that critically ill AECOPD patients with high BCR levels (≥22.78) faced a 1.952-fold 
greater risk of in-hospital mortality than did those with low BCR levels (<22.78). This association remained significant 
after adjusting for confounding factors via multivariable logistic regression and propensity score matching. Currently, the 
mechanisms underlying the association between elevated BCR levels and increased in-hospital mortality in ICU patients 
with AECOPD remain unclear. However, several explanations can be proposed. A higher BCR may indicate elevated 
levels of BUN and lower levels of Cr. Elevated BUN levels may indicate increased inflammation in patients with COPD. 
Inflammatory responses are crucial in the development and progression of this disease. The levels of inflammatory 
markers such as TNF-α and IL-6 are significantly elevated in the serum of COPD patients, particularly during acute 
exacerbations.30 These inflammatory factors may be involved in the proteolysis process, leading to increased BUN 
levels.31 Furthermore, elevated BUN levels, as the end product of protein metabolism, represent increased metabolic 
activity. Persistent high metabolism can lead to decreased nutritional status and immune function, which deteriorates 
patients’ baseline condition and increases the risk of infection.32 Overall, high BUN levels reflect stronger inflammatory 
responses, poorer baseline conditions, and greater infection risks in AECOPD patients. Lower serum creatinine levels 
directly indicate reduced muscle mass.33 During acute exacerbations of COPD, circulating TNF-α levels increase sharply, 
and high TNF-α levels are directly related to acute weight loss and muscle mass reduction.30,34 Therefore, low creatinine 
levels may also reflect the levels of inflammatory factors in AECOPD patients. Additionally, muscle loss can lead to 
diaphragm fatigue and reduced respiratory muscle strength, increasing the risk of respiratory failure and consequently 
increasing mortality in these patients.35 In conclusion, an elevated BCR may predict mortality in critically ill AECOPD 
patients by indicating higher levels of inflammation, poorer baseline conditions, and an increased risk of muscle atrophy.

Our study has several limitations. First, we identified an association between elevated BCR and increased mortality in 
critically ill AECOPD patients. The specific mechanisms driving this relationship remain to be determined. This area 
presents a valuable opportunity for further investigative work. Second, our analysis was based on the blood creatinine 
and urea nitrogen measurements taken within the first 24 hours of ICU admission. Dynamic monitoring of the BCR could 
provide a more accurate guide for clinical decision-making throughout a patient’s ICU stay. Finally, the retrospective 
design of our study may introduce some inherent biases. These findings suggest the value of further exploration through 
prospective multicenter studies to enhance our understanding of the relationship between BCR and mortality in this 
patient population.

Conclusion
An elevated BCR is an independent risk factor for in-hospital mortality in ICU patients with AECOPD. Early attention to 
BCR levels can help clinicians formulate treatment strategies and improve patient outcomes.
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