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Low blood glucose levels and high urea nitrogen levels affect patient prognosis, but few studies have 
investigated whether the blood urea nitrogen to glucose (BGR) ratio predicts the risk of death.This 
retrospective research examined the connection between the BGR and 365-day mortality in patients 
with chronic kidney disease (CKD) stages 1–4 admitted to an intensive care unit (ICU). The study 
utilized data from 6,380 patients in the Medical Information Mart for Intensive Care IV version 2.2 
(MIMIC-IV v2.2), taking into account confounding factors such as demographics, vital signs, laboratory 
indicators, and comorbidities. The study employed both univariate and multivariate Cox regression 
analyses stratified by BGR quartiles. Additionally, restricted cubic spline regression and inflection 
point analysis were used to explore the linear relationship between BGR and 365-day mortality, 
while Kaplan-Meier curve analysis was used to observe mortality changes under different BGR 
stratifications. Subgroup and mediating effect analyses were performed to evaluate the robustness 
of BGR’s effect on 365-day mortality. The study found a cumulative 365-day mortality rate of 34.2% 
among CKD stages 1–4 patients, with a 2.43-fold increase in the risk of death associated with BGR 
and at least a 44% increase in the risk of death for each unit increase in BGR (P = 0.022). A significant 
nonlinear relationship was identified, showing a stepwise change in the risk of death with a marked 
increase in the slope of the curve for BGR values below 0.52 and above 0.9 (P < 0.001). Subgroup 
analyses indicated interactions between BGR and factors such as age, sepsis, first-day antibiotic use, 
and cerebrovascular disease (P < 0.05). In conclusion, this study confirms that BGR is a significant and 
stable predictor of 1-year mortality risk in patients with CKD stages 1–4. Interventions aimed at timely 
adjustment, correction of metabolic imbalances, reduction of inflammation, and management of BGR 
levels are beneficial for reducing mortality in this patient population.
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Chronic Kidney Disease (CKD) is a progressive disease, and its burden has not declined as much as that of 
many other important non-communicable diseases over the past three decades. The global prevalence of CKD is 
approximately 9.1% 1, and its prevalence in Southeast Asia ranges from 4.7 to 17.4%2. In 2017, 12 million patients 
died of CKD, and an additional 14 million deaths from cardiovascular disease were attributed to impaired renal 
function1.CKD is ranked as the 12th leading cause of death owing to the disease burden in 20213. CKD is 
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categorized according to the degree of renal decompensation into stages 1–5, with stages 1–4 being the early and 
intermediate stages. Despite appropriate treatment, these patients face a high risk of death. To better predict and 
manage the prognosis of these patients, especially those who are critically ill, an ongoing search for biomarkers 
that can predict the risk of death is essential to improve clinical outcomes and guide therapeutic strategies.

Blood Urea Nitrogen (BUN) and glucose are commonly used biochemical indicators in clinical practice 
and are metabolic waste products of protein metabolism in the body, produced by the liver and excreted by 
the kidneys, reflecting the state of renal function and protein metabolism. Studies have confirmed that BUN 
is a risk factor for acute kidney injury (AKI) in patients who require renal replacement therapy4,5, which can 
trigger immune dysfunction by promoting hypercatabolism and activating neurohumoral mechanisms, thereby 
increasing the risk of death in critically ill AKI patients6. Blood urea nitrogen can be used as a predictor of 
mortality in myocardial infarction7,8 and is strongly associated with in-hospital and 1-year mortality in patients 
with intracranial hemorrhage in the ICU9. Glucose is the basic unit of cellular metabolism that generates 
adenosine triphosphate (ATP) via oxidative phosphorylation to supply energy for cellular activities. Adequate 
sugar intake can avoid the use of proteins for energy supply, thus protecting the structure and function of muscles 
and other important proteins and reducing BUN production. In addition, tight glycemic control (80–110 mg/dl) 
reduces morbidity and mortality in critically ill patients10. Plasma glucose level on admission is an independent 
risk factor for short- and long-term prognosis after myocardial infarction11,12, and the reduction in mortality in 
critically ill patients may benefit from controlling the upper limit of the patient’s target glucose level (145 mg/dl 
)13. However, low blood glucose levels, inadequate sugar intake, or metabolic abnormalities leading to increased 
protein catabolism and elevated BUN levels can also affect patient prognosis. Few studies have investigated 
whether the ratio of blood urea nitrogen to glucose (BGR) can predict the risk of death. In recent years, the 
blood urea nitrogen to serum albumin ratio (BAR) has been studied extensively, and it has been significantly 
associated with increased all-cause mortality in patients with AKI14 and has been associated with good mortality 
predictive ability for a variety of diseases, including pneumonia, sepsis, chronic obstructive pulmonary disease, 
and chronic heart failure15–18. Theoretically, BAR, which is the ratio of one risk factor dimension to physiological 
indicators, and BGR, which is the ratio of two mortality risk factor dimensions, may be associated with mortality 
in patients with CKD, and their specific correlations and mechanisms require further investigation.

Therefore, we obtained information on patients with CKD stages 1–4 from the Medical Information Mart 
for Intensive Care IV version 2.2 [MIMIC-IV (v2.2)] database19 to conduct a cohort study to investigate the 
relationship between BGR and the risk of death in critically ill patients with CKD stages 1–4. risk, helping us 
better understand the role of this ratio in the course of critically ill patients with CKD stages 1–4 and potentially 
providing clinicians with new prognostic assessment tools for early identification of high-risk patients for more 
personalized and effective treatment regimens.

Methods
Database introduction
The data in this study were obtained from the Medical Information Mart for Intensive Care IV version 2.2 
[MIMIC-IV (v2.2)] database, which is the result of collaboration between the Beth Israel Deaconess Medical 
Center (BIDMC) and Massachusetts Institute of Technology (MIT).This database covers information from 
BIDMC for all patients who were admitted to either the emergency department or an ICU between 2008 and 
2019, with all patient Death information was followed up for one year after discharge from the hospital. To 
protect patient privacy, all personal information was de-identified using randomized codes instead of patient 
identification; therefore, we did not require patients’ informed consent and ethical approval. The MIMIC-IV 
(v2.2) database can be downloaded from the Physionet Online Forum (MIMIC-IV v2.2 (physionet.org)). To 
apply the database to clinical research, the first author of this study, Shenghua Du, completed the Collaborative 
Institutional Training Initiative (CITI) course and passed the “Conflict of Interest” and “Data or Sample Study” 
exams (ID: 59379461). After signing the data use agreement, the research team was authorized to use the 
database and extract the data.

Patient selection criteria
MIMIC-IV (v2.2) recorded 431,231 hospital and 73,181 ICU admissions. Based on the International Classification 
of Diseases, 9th edition (ICD − 9) codes and International Classification of Diseases, 10th edition (ICD-10) 
codes, excluding patients without any staging, CKD stage 5, and pregnancy-related nephropathies, we extracted 
6,569 patients with CKD stages 1–4 admitted to the ICUs, excluding patients who were admitted to the hospital 
for less than 24 h, retaining the demographic information of the first admission, and extracting the in-hospital 
vital signs, laboratory indicators, and comorbidity information (Fig. 1).

Data extraction
BGR was the primary study variable, and patient death on day 365 was the study endpoint. Potential confounders 
were extracted, including demographics (age, sex, and race), vital signs[mean temperature(Temp), mean 
respiration(Resp), heart rate(HR), and average blood pressure(Mbp)], laboratory parameters [hemoglobin 
(HGB), white blood cell count (WBC), international normalized ratio (INR), blood urea nitrogen (BUN), 
creatinine (Cr), glucose (Glu), albumin (Alb), anion gap (AG), calcium, sodium, potassium], comorbidities 
[myocardial infarction (MI), congestive heart failure (CHF), peripheral vascular disease (PVD), cerebrovascular 
disease (CVD), diabetes mellitus (DM), chronic lung disease (CPD), peptic ulcer disease (PUD), malignant 
cancer (MC), severe liver disease (SLD)], and Sepsis and AKI stage 7-day occurrence. Information on bacterial 
cultures and the use of antibiotics on day 1 was also extracted. Unfortunately, the database could not extract 
CKD1-4 patients separately by stage. Data were extracted using PostgresSQL (v13.13.1) and Navicat Premium 
(version 16) in Structured Query Language (SQL).
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Management of missing data and outliers
Missing confounder variables were detected during data cleaning and multiple interpolation was used to solve 
the complex problem of missing values20. When confronted with missing data, a common question is what 
proportion of missing data is acceptable, and predicting the availability of missing and/or confounding variables 
associated with missing data may be an important consideration. Even if there is a very high proportion of 
missing data (up to 90%) in terms of the estimation accuracy of data analysis, the fraction of missing information 
is more important than the fraction of missing data, thereby reducing unbiased estimation21.

Statistical analysis
All data in this study were statistically analyzed using the R statistical package (http://www.R-project.org, R 
Foundation) and Fengrui statistical software version 1.9.2. A two-tailed test was used, and statistical significance 
was set at P < 0.05. Several covariates were collected with missing data, with a high percentage of Alb and 
INR missing data, and multiple interpolation was performed on the missing data using Bayesian regression 
to minimize bias. Continuous variables are expressed as mean ± standard deviation or median (interquartile 
range), as appropriate. Categorical variables are expressed as numbers (%). Raw data were analyzed for baseline 

Fig. 1.  Schematic diagram of the study sample selection process. Abbreviations: MIMIC, Medical Information 
Mart for Intensive Care; ICU, intensive care unit; CKD, chronic kidney disease.
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characteristics, continuous variables were compared using t-tests or one-way ANOVA, and categorical variables 
were tested using the chi-square or Fisher’s exact test. BGR values were calculated for interpolated data, potential 
risk factors were analyzed using one-way Cox regression, and variables with p values less than 0.1 were included 
in the multifactorial COX regression analysis. In the multifactorial regression analysis, the BGR was quartile-
stratified in order of magnitude and modeled for multivariate analysis, and the model was gradually adjusted 
based on whether the HR was less than 1.0 in Table 2 of the univariate analysis, vital signs, laboratory tests, and 
comorbidity groupings. Model 1 was not adjusted; model 2 was adjusted according to gender, Abp, Temp, HGB, 
Alb, calcium, and antibiotics day1; model 3 added Age, HR, Resp, WBC, INR, BUN, AG, Cr, and potassium to 
model 2 adjustment; Model 4 added MI, CHF, PVD, CVD, DM, CPD, PUD, MC, SLD, sepsis3, aki stage 7 day, 
bacterial culture based on model 3. We also applied a restricted cubic spline regression model and inflection 
point analysis to analyze the linear relationship between BGR and 365-day mortality and applied the K-M curve 
to analyze the changes in mortality rate using BGR inflection point stratification. Further stratification was based 
on Age, BRG inflection point, sex, sepsis3, antibiotics day1, bacterial culture, CHF, CVD, CPD, DM subgroups, 
and mediation analyses to investigate the robustness of the effect of BRG on 365-day mortality in patients with 
CKD 1–4 stage.

Results
Baseline clinical characteristics
A total of 6380 patients were finally included in the study, including 3954 (63.2%) males and 2426 (36.8%) 
females, aged 75.5 ± 12.3 years. The missing rates for serum albumin, INR, and blood calcium levels in the 
included patients were 60.4%, 7.9%, and 7.3%, respectively. The missing rates of antibiotic use on the first day 
and bacterial culture results were 33.2%, and the remaining variables were below 5%. Cox regression was used 
to perform multiple interpolations with five interpolated sets of five, and the first set of data was extracted 
and analyzed. The cumulative 365-day mortality rate of patients with chronic kidney disease stages 1–4 was 
34.2% (Table 1). Age and HR were higher in deceased patients than in survivors (P < 0.001), and Abp was lower 
in deceased patients than in survivors (P = 0.01). WBC, INR, BUN, Cr, AG, sodium, and potassium levels 
were higher in deceased patients than in survivors (P < 0.001); however, the levels of HGB and Alb were low 
(P < 0.001). Among the deceased patients, the prevalence of sepsis and AKI stage 7 days was 60.6% and 73.4%, 
respectively, which were significantly higher than those of the surviving patients (P < 0.001), and the proportion 
of comorbidities (comorbidities) was higher, in which CVD, CPD, PUD, MC, and SLD were statistically 
significant (P < 0.001). It is worth mentioning that the prevalence of DM was higher in the study population, 
with the prevalence of DM in surviving and deceased patients being 50.6% and 48%, respectively (P = 0.0046).

Univariate Cox analysis
Cox univariate regression analysis showed a 2.43-fold increase in the risk of death based on the urea nitrogen 
to glucose ratio (P < 0.001; Table 2). Each unit increase in Resp was associated with a 7% increase in the 365-
day risk of death, and each 1 mmHg increase in Abp was associated with a 2% decrease in the risk of death 
(HR = 0.98, 95% CI: 0.98–0.99), P < 0.001.Among the laboratory indices, the risk of death increased by 1%, 7%, 
and 9% for each unit increase in BUN, Cr, and AG, respectively. HGB and Alb reduced the risk of death by 4% 
and 35%, respectively, but the effect of Glu was not statistically significant. Except for DM, patients had HRs 
greater than 1 for comorbidities, including CHF 1.62 (95% CI: 1.49–1.77), SLD 2.13 (95% CI: 1.78–2.55), and 
MC was 2.05 (95% CI: 1.84–2.27). The higher the staging grade in AKI stage 7-day patients, the higher the 365-
day risk of death, with HRs of 2.71 (95% CI: 2.42–3.03) for AKI stage 3 and 1.54 (95% CI: 1.42–1.68) for patients 
with sepsis-3, P < 0.001. Patients who were administered antibiotics on the first day had a 33% reduction in the 
risk of death, and bacterial culture-positive patients had a 44% increase in the risk of death.

Cox multifactor analysis
In the stratified and multivariate-adjusted analyses of BGR, BGR was significantly associated with 365-day 
patient death (Table 3), with each unit increase in BGR associated with at least a 44% increase in the risk of death 
(P = 0.022).After stratification by BGR quartile, the subgroup with the highest BGR (Q4) had a 1.13-fold higher 
risk of 365-day death than the subgroup with the lowest BGR (Q1) (P < 0.001).

Restricted cubic spline regression model
The curve showed a nonlinear relationship between BGR and 1-year mortality (P < 0.001;Fig. 2 a). Inflection 
point analysis showed that the slope of the curve before the BGR inflection point of 0.52 was HR 13.025 (3.375–
3.884), P = 0.0154; the curve was flat between 0.52 and 0.90, with a slope of HR 8.57 (0.653–4.305), P = 0.2824, 
which was statistically insignificant; and the slope of the curve was significantly increased when the BGR was 
above 0.9, P < 0.001 (Table 4; Fig. 2 b).

Survival analysis
Survival curves showed the highest probability of survival in patients with BGR < 0.52, which declined more 
slowly over time. Patients with BGR between 0.52 and 0.9 had a survival rate of 51.6% (362/701) at 300 days, and 
with BGR greater than 0.9, the 300-day survival rate declined to 44.3% (74/167), and the difference in survival 
between the three groups was significant (P < 0.001; Fig. 2 c). The 300-day survival rate was 62.2% (2092/3361) in 
patients with combined Sepsis3 and 73.4% (2215/3019) in patients without combined sepsis (P < 0.001; Fig. 2d).

Subgroup and mediation analysis
Subgroup analyses of the incidence of death based on BGR included age, sex, sepsis, whether antibiotics were 
administered on the first day, bacterial culture results, 7-day AKI staging, and whether there was a combination 
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Variables
Total
(n = 6380)

survivors
(n = 4192)

non-survivors
(n = 2188) P

Age (yr) 75.5 ± 12.3 73.5 ± 12.6 79.3 ± 10.7 < 0.001

Gender, n (%) 0.006

 Female 2426 (38.0) 1543 (36.8) 883 (40.4)

 Male 3954 (62.0) 2649 (63.2) 1305 (59.6)

Race, n (%) 0.053

 White 4344 (68.1) 2820 (67.3) 1524 (69.7)

 Other 2036 (31.9) 1372 (32.7) 664 (30.3)

Heart rate (beats/min) 81.0 ± 14.9 80.3 ± 14.5 82.2 ± 15.7 < 0.001

Average boold pressure (mmHg) 77.5 ± 11.4 78.3 ± 11.5 75.9 ± 11.0 < 0.001

Respiratory rate (bmp) 19.2 ± 3.5 18.8 ± 3.3 19.9 ± 3.8 < 0.001

Temperature (℃) 36.7 ± 0.5 36.8 ± 0.4 36.7 ± 0.5 < 0.001

Hemoglobin (g/L) 9.6 ± 2.1 9.7 ± 2.1 9.5 ± 2.1 < 0.001

White blood cell (*109/L) 13.8 ± 11.7 13.4 ± 10.0 14.5 ± 14.4 < 0.001

International normalized ratio 1.7 ± 1.3 1.6 ± 1.1 1.9 ± 1.5 < 0.001

Blood urea nitrogen (mg/dl) 43.5 ± 26.8 39.5 ± 24.5 51.3 ± 29.3 < 0.001

Creatinine (mg/dl) 2.3 ± 1.5 2.2 ± 1.6 2.5 ± 1.4 < 0.001

Albumin (g/L) 3.2 ± 0.6 3.3 ± 0.6 3.1 ± 0.7 < 0.001

Aniongap 13.8 ± 3.4 13.4 ± 3.2 14.6 ± 3.6 < 0.001

Calcium (mEq/L) 8.3 ± 0.8 8.3 ± 0.8 8.2 ± 0.9 0.016

Sodium (mEq/L) 137.0 ± 5.4 137.0 ± 5.0 137.0 ± 6.0 0.968

Potassium (mEq/L) 4.8 ± 0.9 4.7 ± 0.9 4.8 ± 0.9 < 0.001

Glu, Median (mg/dL) 135.7 (115.3, 171.3) 134.9 (116.2, 167.8) 138.0 (113.7, 176.9) 0.298

Myocardial infarct, n (%) 0.081

 No 4652 (72.9) 3086 (73.6) 1566 (71.6)

 Yes 1728 (27.1) 1106 (26.4) 622 (28.4)

Congestive heart failure, n (%) < 0.001

 No 3072 (48.2) 2232 (53.2) 840 (38.4)

 Yes 3308 (51.8) 1960 (46.8) 1348 (61.6)

Peripheral vascular disease, n (%) 0.019

 No 5164 (80.9) 3428 (81.8) 1736 (79.3)

 Yes 1216 (19.1) 764 (18.2) 452 (20.7)

Cerebrovascular disease, n (%) < 0.001

 No 5329 (83.5) 3560 (84.9) 1769 (80.9)

 Yes 1051 (16.5) 632 (15.1) 419 (19.1)

Chronic pulmonary disease, n (%) < 0.001

 No 4451 (69.8) 3005 (71.7) 1446 (66.1)

 Yes 1929 (30.2) 1187 (28.3) 742 (33.9)

Peptic ulcer disease, n (%) 0.243

 No 6167 (96.7) 4060 (96.9) 2107 (96.3)

 Yes 213 ( 3.3) 132 (3.1) 81 (3.7)

Diabetes mellitus, n (%) 0.046

 No 3208 (50.3) 2070 (49.4) 1138 (52)

 Yes 3172 (49.7) 2122 (50.6) 1050 (48)

Malignant cancer, n (%) < 0.001

 No 5568 (87.3) 3823 (91.2) 1745 (79.8)

 Yes 812 (12.7) 369 (8.8) 443 (20.2)

Severe liver disease, n (%) < 0.001

 No 6158 (96.5) 4097 (97.7) 2061 (94.2)

 Yes 222 ( 3.5) 95 (2.3) 127 (5.8)

Sepsis3, n (%) < 0.001

 No 3019 (47.3) 2158 (51.5) 861 (39.4)

 Yes 3361 (52.7) 2034 (48.5) 1327 (60.6)

Aki stage 7 day, n (%) < 0.001

 Stage0 2155 (33.8) 1574 (37.6) 581 (26.6)

 Stage1 1093 (17.2) 794 (19) 299 (13.7)

Continued
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Variable HR(95%CI) P(Wald’s test) P(LR-test)

Age 1.04 (1.03,1.04) < 0.001 < 0.001

Male 0.89 (0.81,0.96) 0.005 0.006

Race 0.92 (0.84,1.01) 0.071 0.07

Heart rate (beats/min) 1.0081 (1.0053,1.0109) < 0.001 < 0.001

Average boold pressure (mmhg) 0.98 (0.98,0.99) < 0.001 < 0.001

Respiratory rate (bmp) 1.07 (1.06,1.08) < 0.001 < 0.001

Temperature (℃) 0.68 (0.62,0.74) < 0.001 < 0.001

Hemoglobin (g/l) 0.96 (0.94,0.97) < 0.001 < 0.001

White blood cell (*109/l) 1.0057 (1.0033,1.0082) < 0.001 < 0.001

International normalized ratio 1.11 (1.09,1.13) < 0.001 < 0.001

Blood urea nitrogen (mg/dl) 1.01 (1.01,1.01) < 0.001 < 0.001

Creatinine (mg/dl) 1.07 (1.05,1.09) < 0.001 < 0.001

Glucose (mol/l) 1 (1,1) 0.705 0.656

Albumin (g/l) 0.65 (0.61,0.7) < 0.001 < 0.001

Aniongap 1.09 (1.08,1.11) < 0.001 < 0.001

Calcium (cont. Var.) 0.95 (0.9,1) 0.047 0.047

Sodium (cont. Var.) 1.0009 (0.9928,1.0091) 0.829 0.828

Potassium(meq/l) 1.1 (1.05,1.15) < 0.001 < 0.001

Myocardial infarct, n (%) 1.1 (1,1.2) 0.055 0.056

Congestive heart failuren, n (%) 1.62 (1.49,1.77) < 0.001 < 0.001

Peripheral vascular disease, n (%) 1.14 (1.02,1.26) 0.015 0.017

Cerebrovascular disease, n (%) 1.3 (1.16,1.44) < 0.001 < 0.001

Chronic pulmonary disease, n (%) 1.22 (1.12,1.33) < 0.001 < 0.001

Peptic ulcer disease, n (%) 1.15 (0.92,1.43) 0.225 0.235

Diabetes mellitus, n (%) 0.91 (0.84,0.99) 0.025 0.025

Malignant cancer, n (%) 2.05 (1.84,2.27) < 0.001 < 0.001

Severe liver disease, n (%) 2.13 (1.78,2.55) < 0.001 < 0.001

Sepsis3, n (%) 1.54 (1.42,1.68) < 0.001 < 0.001

AKI stage 7 day, n(%) < 0.001

Stage1 1.03 (0.89,1.18) 0.696

Stage2 1.36 (1.21,1.52) < 0.001

Stage3 2.71 (2.42,3.03) < 0.001

Antibiotics day 1, n (%) 0.67 (0.59,0.76) < 0.001 < 0.001

Culture positive, n (%) 1.44 (1.3,1.59) < 0.001 < 0.001

BAR 1.03 (1.03,1.03) < 0.001 < 0.001

BGR 3.43 (2.95,3.98) < 0.001 < 0.001

Table 2.  Univariate Cox regression analysis of mortality. BAR, boold urea nitrogen to albumin ratio; BGR, 
blood urea nitrogen to glucose ratio.

 

Variables
Total
(n = 6380)

survivors
(n = 4192)

non-survivors
(n = 2188) P

 Stage2 1907 (29.9) 1254 (30) 653 (29.9)

 Stage3 1215 (19.1) 562 (13.4) 653 (29.9)

Antibiotics day 1, n (%) < 0.001

 No 460 (10.8) 237 (8.7) 223 (14.5)

 Yes 3800 (89.2) 2487 (91.3) 1313 (85.5)

Culture positive, n (%) < 0.001

 No 3350 (78.6) 2216 (81.4) 1134 (73.8)

 Yes 910 (21.4) 508 (18.6) 402 (26.2)

Table 1.  Baseline characteristics of patients in ICU with CKD.
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of CHF, CPD, CVD, and DM. Bacterial culture, 7-day AKI staging, CHF, CPD, and DM subgroups had p-values 
of 0.202–0.998, with no interaction (Fig. 3), whereas there was a statistically significant difference in age, sepsis, 
antibiotics on the first day, and CVD subgroups (P < 0.05),with an interaction effect. Mediation effect analysis 
of the effect factors with interaction showed a direct effect value of 1.8048 for BGR and indirect effect values 
of 0.0423, 0.4793, -0.3669, and 0.3430 for age, sepsis, first-day antibiotic use, and CVD, respectively (P < 0.001) 
(Table 5).

Discussion
In this retrospective cohort study, we investigated data from the mimiciv2.2 database of patients admitted to the 
ICU with CKD stages 1–4 and found a high 365-day mortality rate of 34.2%, with a high prevalence of comorbid 
CHF, DM, and CPD (51.8%, 49.7%, and 30.2%, respectively). Antibiotics were administered to 89.2% of patients 
on the first day, indicating a high prevalence of infections in patients admitted to the ICU with CKD stages 1–4, 
with a positive bacterial culture of 21.4%, a prevalence of sepsis of 52.7%, and an incidence of 7-day acute kidney 
injury of 66.2%. Univariate analysis confirmed that all of these factors were associated with 365-day mortality. In 
addition, this study found that vital signs and other laboratory indicators, except blood glucose, were associated 
with the study endpoint indicators. More notably, the main observed variable of the study, BGR, had an HR of 
3.43 (95% CI: 2.95–3.98) in the univariate Cox analysis, which was higher than all the impact factors. Using 
stratified multivariate modeling, we further confirmed the robustness of BGR in predicting the risk of death.

As mentioned in the introduction, BUN and Glu are commonly used biochemical indicators in clinical 
practice. BUN is a waste product of protein metabolism, and Glu is metabolized to generate adenosine 
triphosphate to supply energy for cellular activities. Adequate sugar intake and normal metabolism can reduce 
the production of BUN. As early as 1985, urea nitrogen was recognized as a key factor for patient survival after 
resuscitation for cardiac arrest combined with coronary artery disease22. In recent years, there have been more 
relevant studies6,23–25, and critically ill patients are more likely to have comorbid metabolic abnormalities; Kevin 
Beier reported that patients with BUN > 40 mg / dl had a 4.12-fold increased risk of death relative to patients with 
BUN 10 ~ 20 mg / dl26. Our study did not stratify BUN, but univariate analysis showed a 1% increase in the risk 
of death for every 1 mg/dl increase in BUN, consistent with previous studies. The possible mechanisms include 
the cytotoxic effects of BUN, inflammation, and oxidative stress, which can lead to tissue cell damage27,28. Most 
studies have similarly confirmed that the ideal control of Glu reduces mortality10,13. However, the Mikhail 
Kosiborod study found no significant association between elevated blood glucose levels and mortality in 
elderly (mean age 79.4 years) hospitalized heart failure patients29, which is consistent with the results of our 
study population (Wald’s test, P = 0.705).This may be related to the fact that both study populations were of an 
advanced age and had a high number of comorbidities. Currently, there is a growing body of research exploring 
the relationship between the blood urea nitrogen-to-albumin ratio (BAR), the blood urea nitrogen-to-creatinine 
ratio, and disease prognosis14,30–32, primarily focusing on the dimensions of protein metabolism and renal 
function. Studies have demonstrated that these markers are useful in evaluating disease outcomes. Unfortunately, 
we were unable to find any literature on the blood urea nitrogen-to-glucose ratio (BGR) and chronic kidney 
disease (CKD). In our daily management of critically ill patients, we observed that many experienced decreased 
serum albumin and increased non-renal blood urea nitrogen (BUN) due to factors such as poor nutritional 
intake, infection, and organ decompensation. This raises the question: Are these changes linked to an imbalance 
in energy metabolism in these patients? And how does this imbalance relate to their prognosis? To investigate 
this, we selected the albumin metabolites BUN and glucose for the study. In our univariate Cox regression 
analysis, we found that the hazard ratios (HR) for BUN and BAR were 1.01 (1.01–1.01) and 1.03 (1.03–1.03), 
respectively. In comparison, the HR for BGR was 3.43 (2.95–3.98), suggesting a stronger association between 
BGR and 1-year mortality in critically ill patients with stage 1–4 CKD. This finding indicates that BGR may have 
greater clinical relevance than BUN or BAR, which was further validated in the Cox multivariate model and 
restricted cubic spline regression model. To further understand the pattern of BGR and 365-day mortality of 

Categories

Model 1 Model 2 Model 3 Model 4

HR(95%CI) P value HR(95%CI) P value HR(95%CI) P value HR(95%CI) P value

BGR 3.43 (2.95 ~ 3.98) < 0.001 3.15 (2.69 ~ 3.68) < 0.001 1.39 (1.02 ~ 1.89) 0.037 1.44 (1.05 ~ 1.97) 0.022

Quartile

 Q1(n = 1595) Ref Ref Ref Ref

 Q2(n = 1595) 1.23 (1.08 ~ 1.41) 0.003 1.2 (1.05 ~ 1.37) 0.009 1.09 (0.95 ~ 1.25) 0.207 1.06 (0.92 ~ 1.22) 0.401

 Q3(n = 1595) 1.62 (1.43 ~ 1.85) < 0.001 1.59 (1.39 ~ 1.81) < 0.001 1.26 (1.1 ~ 1.44) 0.001 1.23 (1.07 ~ 1.41) 0.003

 Q4(n = 1595) 2.46 (2.18 ~ 2.78) < 0.001 2.32 (2.05 ~ 2.63) < 0.001 1.45 (1.23 ~ 1.71) < 0.001 1.42 (1.2 ~ 1.68) < 0.001

Trend(n = 6380) 1.36 (1.31 ~ 1.41) < 0.001 1.34 (1.28 ~ 1.39) < 0.001 1.13 (1.08 ~ 1.19) < 0.001 1.13 (1.07 ~ 1.19) < 0.001

Table 3.  Multivariate Cox regression analyses of BGR and mortality. Model 1: Unadjusted. Model 2: Adjusted 
for Sex, average blood pressure, temperature, hemoglobin, albumin, calcium, and antibiotics on day 1. Model 
3: Adjusted for Model 2 variables plus age, heart rate, respiratory rate, white blood cell count, international 
normalized ratio, blood urea nitrogen, anion gap, creatinine, and potassium. Model 4: Adjusted for Model 3 
variables plus congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary 
disease, malignant cancer, severe liver disease, sepsis, acute kidney injury stage 7 days, and culture positive 
status.

 

Scientific Reports |         (2025) 15:6697 7| https://doi.org/10.1038/s41598-025-91012-0

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Item Breakpoint.HR (95%CI) P value

D_BK1 0.52 (NA, NA) NA_character_

D_BK2 0.9 (NA, NA) NA_character_

slope1 13.025 (3.754,45.192) < 0.001

slope2 8.557 (0.131,558.016) 0.3138

slope3 7827456.863 (3621.686,16917282206.253) < 0.001

Likelihood Ratio test - < 0.001

Non-linear Test*1 - < 0.001

Table 4.  Turning point analysis of BGR and mortality.

 

Fig. 2.  (a) Linear dose-response relationship between BGR and 365 days mortality. (b) Breakpoint Analysis 
Curve, Break Point 1 = 0.52, Break Point 2 = 0.9. (c) Kaplan-Meier curve illustrating the relationship between 
BGR and 365-day mortality. (d) Kaplan-Meier curve demonstrating the association between Sepsis-3 and 
365-day mortality. The curves along the shaded areas depict the estimated values and their corresponding 95% 
confidence intervals.
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admission to the ICU CKD1-4, this study conducted restricted cubic spline regression modeling analysis, which 
showed that the risk of death increased with increasing BGR, and there was a significant nonlinear relationship 
between the two. Inflection point analysis suggested that the increase in risk of death was relatively flat with a 
BGR between 0.52 and 0.9, P = 0.3138, and the increase in risk of death was significant with a BGR lower than 
0.52 and higher than 0.9(P < 0.001). Survival analysis based on inflection point stratification showed that the 
higher the BGR, the lower the 1-year survival rate. Therefore, BGR is important for assessing the prognosis and 
management of ICU patients with CKD stage 1–4. In addition, based on the calculation structure of the BGR 
ratio, we can presume that elevated BUN is associated with a higher risk of death than elevated blood glucose.

Fig. 3.  Subgroup analysis of BGR and 365-day mortality.
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In response to the high prevalence of comorbidities and infections in the included population, this study 
further validated the consistency and reliability of the findings by repeating the analyses of the main observational 
variables in different subgroups. The results revealed an interaction between age, sepsis, first-day antibiotic use, 
CVD and the effect of BGR on mortality. Age is a natural risk factor for patient mortality, and the effect of BGR in 
this group of patients over 65 years of age may be associated with progressive physiological decline, diminished 
immune system, comorbidities, and the occurrence of infections. Sepsis is the most common cause of death in 
most ICUs, resulting in more than 250 thousand deaths per year in the United States33, and sepsis-related deaths 
accounted for 19.7% of global deaths in 20171; the sepsis prevalence in this study was as high as 52.7%. Survival 
analysis showed a 300-day survival rate of 62.2%, which was significantly lower than that of non-sepsis patients, 
of whom 1,327 patients died within one year, accounting for 60.6% (1327/2188) of the patients who died. Sepsis 
significantly reduces renal blood flow and function, further elevating BUN levels34,35, and its stressful state and 
inflammatory response lead to increased protein catabolism and decreased synthesis36. Meanwhile, the release 
of glucagon, catecholamines, and cortisol hormones caused by sepsis leads to stress, hyperglycemia, and insulin 
resistance36. Although timely and rational antibiotic administration can alleviate the inflammatory response 
in sepsis, it can significantly improve survival37,38, and patients who received antibiotics on the first day of this 
study showed a 33% reduction in the risk of death. The mediated effect analysis showed a direct effect value of 
1.8048 for BGR and indirect effect values of 0.0423, 0.4793, − 0.3669, and 0.3430 for age, sepsis, antibiotic use on 
the first day, and CVD, respectively, which provided a more intuitive view of each factor’s 1-year mortality rate 
in CKD stage 1–4 effect.

In this study, we analyzed and evaluated the risk of BGR in predicting death within 365 days of CKD stage 
1–4 using multiple statistical methods and approaches, showing good consistency and stability, which may be 
superior to BUN and BAR in assessing patients’ prognosis and provide guidance for clinical treatment. To the 
best of our knowledge, no literature has been reported on the association between BGR and CKD. This study 
had some limitations. First, as mentioned previously, most patients with CKD were diagnosed with stage I to 
IV chronic kidney disease, and we were unable to analyze CKD with more specific stages, which is a limitation 
of retrospective studies that cannot exclude as many confounding factors as possible. Second, regarding the 
effect of missing confounding variables on the study results, we used multiple interpolations to reduce the loss 
of confounders, avoid greater bias, and stabilize the results. Third, the study had a high mean patient age, and 
further studies with more age groups and time are needed to validate our conclusions. In addition, this study was 
a single-center clinical study, and the study population had severe disease; therefore, the prognosis of patients 
from different regions and younger patients requires further study.

In conclusion, our findings reveal the validity and stability of BGR in predicting the risk of death within 
365 days of CKD1-4 stage, and intervening in the level of BGR may be helpful in reducing mortality in this 
patient population. Critically ill patients with CKD1-4 stage are prone to sepsis, which is significantly associated 
with the risk of death. Therefore, timely adjustment, correction of protein and glucose metabolism imbalance, 
reduction of inflammatory response, and control of BGR between 0.52 and 0.90 may be beneficial in reducing 
mortality. However, the level of BGR should be controlled to improve patient survival. Further analysis is needed 
to determine whether this is the cutoff value for the relatively flat phase of risk increase, as shown by the BGR 
inflection point analysis curve in this study.

Data availability
This research analyzed datasets that were publicly accessible (MIMICIV 2.2). Although the datasets used in the 
study were not publicly available during the study period, they are currently available from the corresponding 
authors upon reasonable request.
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Model Regression coefficients Standard Error P value McFadden’s R2 Nagelkerke’s R2

No variables 1.8308 -0.1267 < 0.001 0.0273 0.0477

Age model 3.6367 -0.7127 < 0.001 0.0041 0.0039

sepsis3 model 0.5803 -0.1195 < 0.001 0.0027 0.0050

first antibiotics model –0.0636 -0.191 > 0.05 0.0000 0.0000

cerebrovascular disease model –1.3393 -0.1949 < 0.001 0.0096 0.0145

Multivariate model < 0.001 0.0798 0.1348

Intercept –0.7266 -0.0285

BGR 1.8084 -0.1312

Age 0.0423 -0.0026

sepsis3 0.4793 -0.0563

first.antibiotics –0.3669 -0.0894

cerebrovascular_disease 0.3430 -0.0739

Table 5.  Mediating analysis of BGR and interactor on 365 day mortality.
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