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This retrospective cohort study examined the association between admission blood urea nitrogen 
(BUN) levels and mortality in critically ill acute ischemic stroke (AIS) patients from the MIMIC-
IV database. Patients were stratified into quartiles based on admission BUN (Q1: ≤ 14 mg/dL; 
Q2:14 < BUN ≤ 19 mg/dL; Q3:19 < BUN ≤ 27 mg/dL; Q4:>27 mg/dL). Multivariable Cox regression, 
adjusted for demographics, comorbidities, and labs, showed elevated BUN was independently 
associated with higher 30-day (HR = 1.017, 95% CI: 1.010–1.025), 90-day (HR = 1.014, 1.007–1.021), 
and 180-day mortality (HR = 1.011, 1.004–1.018). The critically ill AIS patients in the top BUN quartile 
(> 27 mg/dL) had a nearly 70% higher 30-day, 45% higher 90-day, and 36% higher 180-day mortality 
risk than those in the bottom quartile, even after full adjustment. Restricted cubic spline analysis 
demonstrated a linear dose-response relationship between BUN and mortality. Subgroup analysis 
showed a significant interaction between BUN and CKD: elevated BUN predicted mortality in non-CKD 
patients but had limited prognostic value in CKD patients. Notably, BUN elevation correlated more 
strongly with mortality in non-CKD patients. These findings suggest BUN may be an independent 
predictor useful for risk stratification in critically ill AIS populations, emphasizing its prognostic utility 
in non-CKD individuals. Further prospective studies are warranted to validate clinical applications and 
explore underlying mechanisms linking BUN to adverse outcomes.
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 Acute ischemic stroke (AIS) is a cerebrovascular disease characterized by ischemic necrosis of brain tissue 
in specific vascular territories caused by stenosis or occlusion of cerebral blood supply arteries, resulting in 
neurological deficits1. According to the 2019 Global Burden of Disease Study2, stroke remains the second 
leading cause of mortality and disability worldwide, marked by its high incidence, disability rate, mortality rate, 
recurrence risk, and significant economic burden. The American Heart Association (AHA)3 reports a 30-day 
all-cause mortality rate of 10.5% following stroke, with an estimated 7 million stroke-related deaths annually. 
Given these findings, timely identification of risk factors for poor prognosis in AIS patients is crucial. Accurate 
prediction of functional outcomes in AIS patients has the potential to significantly enhance clinical management 
and disease progression.

Blood urea nitrogen (BUN) is a waste product generated by the liver during protein metabolism, excreted 
by the kidneys, and commonly used in clinical practice alongside creatinine (Cr) to assess renal function4. Both 
Cr and BUN are filtered by the glomeruli, although BUN undergoes partial reabsorption in the renal tubules. 
Notably, BUN reabsorption is influenced not only by renal function but also by endocrine activity, making BUN 
a biomarker of both neurohumoral activation and renal function5. As a crucial indicator reflecting the intricate 
interplay among nutritional status, protein metabolism, and renal health, BUN serves as a valuable prognostic 
marker for critically ill patients across various disease conditions6,7. Studies have shown that elevated BUN levels 
independently increase the risk of mortality in patients with heart failure8. Furthermore, prospective cohort 
studies suggest that BUN levels show a stronger association with in-hospital mortality in patients with AIS9 
and acute coronary syndrome10 compared to estimated glomerular filtration rate (eGFR) and serum creatinine 
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(Scr). Collectively, these findings suggest that BUN may serve as an independent predictor of adverse clinical 
outcomes in AIS patients.

However, the correlation between BUN levels and mortality in critically ill AIS patients remains controversial, 
with limited evidence available regarding its association with short- and long-term prognoses in this population. 
Therefore, this study aims to investigate the association between BUN levels measured on the first day of 
admission and mortality at 30, 90, and 180 days in critically ill AIS patients.

Materials and methods
Population and study design
This study is a retrospective cohort analysis using data extracted from the Medical Information Mart for Intensive 
Care IV (MIMIC-IV v3.0), a publicly accessible database containing deidentified clinical records of patients 
admitted to the emergency department or intensive care unit (ICU) at Beth Israel Deaconess Medical Center 
in Boston between 2008 and 2022. The dataset includes patient demographics, laboratory results, vital signs, 
procedures, medications, medical histories, and mortality outcomes. The first author of this study, Liqun Hao, 
completed the Collaborative Institutional Training Initiative (CITI) program course, passed the certification 
examination (Record ID: 69115814), and obtained authorization to access the dataset. Given the public 
availability and deidentified nature of the MIMIC-IV database, neither informed consent nor ethics committee 
approval was required for this study, in accordance with institutional guidelines and the Declaration of Helsinki.

This study included patients diagnosed with AIS based on the International Classification of Diseases, 9th 
and 10th revisions (see Supplementary Table S1 online). The exclusion criteria for this study were as follows: 
(i) patients with unknown admission or survival times of less than 1 day; (ii) patients under 18 years of age; 
(iii) patients who were not first-time admissions; and (iv) patients with missing BUN data on the first day of 
admission. A detailed flowchart outlining the patient selection process is presented in Fig. 1.

Data extraction
Data were extracted using R Studio (R version 4.4.2). Demographic data, including gender, age, and medical 
history (hypertension, atrial fibrillation, coronary artery disease, heart failure, sepsis, diabetes mellitus, and 
malignancy), were collected. Comorbidities were identified using ICD-9 and ICD-10 diagnostic codes from 
discharge records in the MIMIC-IV database. Additionally, laboratory data from the first day of admission, 
clinical severity scores, treatment modalities, and hospitalization duration were extracted.

Outcomes
The primary endpoint of this study was 30-day all-cause mortality, defined as death from any cause occurring 
within 30 days of ICU admission. Secondary endpoints included 90-day and 180-day all-cause mortality, 
reflecting deaths within 90 and 180 days of ICU admission, respectively. The 30-day mortality endpoint aligns 
with the widely accepted neurological standard for evaluating immediate outcomes following acute events, 
providing insights into the efficacy of initial therapeutic and interventional strategies during the critical early 
recovery phase. In contrast, the 90-day and 180-day mortality endpoints provide a broader perspective on long-
term survival, allowing for a comprehensive evaluation of sustained clinical outcomes.

Fig. 1.  Flow chart of this study.
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Statistical analysis
In this study, all participants were stratified into four ascending quartiles (Q1–Q4) based on their BUN levels 
measured on the first day of admission. These were treated as a categorical variable with the following ranges: 
Q1 (≤ 14 mg/dL), Q2 (14 < BUN ≤ 19 mg/dL), Q3 (19 < BUN ≤ 27 mg/dL), and Q4 ( > 27 mg/dL). Between-group 
analyses were performed using analysis of variance (ANOVA) to compare continuous variables, with the results 
presented as means ± standard deviations. Categorical variables were analyzed using chi-square tests, and the 
results were presented as frequencies (percentages). When significant between-group differences were detected, 
Tukey’s HSD test and Bonferroni’s correction were used respectively to conduct post-hoc pairwise comparisons 
for continuous variables and categorical variables to identify the specific group pairs that differed significantly. 
Kaplan-Meier survival analysis compared primary and secondary outcome incidence across BUN quartiles. 
We separately evaluated the correlation between BUN levels and mortality at 30, 90, and 180 days. For each 
mortality outcome at each time point, we constructed four progressively adjusted Cox proportional hazards 
models (Models 1–4). Model 1 was an unadjusted baseline model. Model 2 adjusted for age, sex, and body 
weight to minimize confounding effects. Model 3 further included laboratory parameters (blood glucose, BUN/
Scr ratio, partial pressure of oxygen, sodium, potassium, and white blood cell count), while Model 4 expanded 
adjustments to include comorbidities such as chronic kidney disease (CKD), hypertension, diabetes, heart 
failure, acute kidney injury (AKI) and coronary artery disease. P for trend was calculated by treating the BUN 
quartiles as an ordinal continuous variable in the Cox regression models. This stepwise approach facilitated a 
comprehensive evaluation of BUN’s prognostic impact across multifactorial contexts. Additionally, a restricted 
cubic spline (RCS) analysis, adjusted for Cox regression model IV, was used to capture any potential dose-
response relationship between BUN and all-cause mortality. Finally, subgroup analyses were performed to assess 
heterogeneity across predefined patient strata. Subgroup analyses employed stratified Cox models with BUN as 
primary variable. Models were adjusted for glucose, SpO2, serum creatinine, sodium, potassium, WBC, with 
interaction terms tested for predefined strata: sex, age, and the presence of heart failure, coronary artery disease, 
diabetes, hypertension, or CKD. We applied Bonferroni correction for interaction tests. A corrected P value of 
< 0.007 (0.05/7 subgroups) was considered statistically significant for interaction terms.

R Studio (R version 4.4.2) was utilized for all data analysis. A two-tailed p value below 0.05 was regarded as 
statistically significant.

Results
Baseline of participants
This study initially identified 4,378 patients with AIS admitted to the ICU. After applying predefined inclusion and 
exclusion criteria, 3,250 patients were included in the final analysis. Figure 1 illustrates the process of inclusion 
and exclusion. Table  1 presents the baseline characteristics of the study cohort. A detailed assessment of all 
laboratory parameters, comorbidities, and treatment details across BUN quartiles is presented in Supplementary 
Table S2. The mean age of participants was 69.24 ± 15.61 years, with 50.37% male. The average BUN level at ICU 
admission was  24.14 ± 18.52 mg/dL. When stratified by BUN quartiles measured on the first ICU Day, the Q1 
group (lowest BUN) exhibited significantly higher mean blood pressure (MBP) and platelet count compared to 
other quartiles. In contrast, the Q1 group had lower respiratory rate, WBC count, serum creatinine, potassium, 
Sequential Organ Failure Assessment (SOFA) score, Acute Physiology Score III (APS III), Ongoing Acute Illness 
Severity (OASIS) and Charlson Comorbidity Index (CCI). The Q4 group (highest BUN) demonstrated a higher 
prevalence of comorbidities such as heart failure (HF),, chronic kidney disease (CKD), and hypertension. The 
Q4 group (highest BUN) demonstrated higher WBC count, ALT, AST, Simplified Acute Physiological Score II 
(SAPS II), international Normalized Ratio (INR) and a higher prevalence of comorbidities such as heart failure 
(HF), Coronary heart disease (CHD), chronic kidney disease (CKD), acute kidney injury (AKI), sepsis and 
Diabetes. Meanwhile, the levels of hemoglobin RBC count, diastolic blood pressure (DBP) and systolic blood 
pressure (SBP) were lower compared with the other three groups. The results of pairwise comparisons and post-
hoc tests (see Supplementary Table S3-S4 online) confirm that all the above results are statistically significant.

Association between BUN and all-cause mortality
The Kaplan-Meier (KM) curves for the BUN quartiles are shown in Fig.  2. For 30-day all-cause mortality, 
the KM curves demonstrated a clear diverging trend, and the Log-Rank test confirmed that the differences 
were statistically significant (P < 0.0001, Fig. 2a). When we performed Cox regression analysis using Q4 as the 
reference category (see Supplementary Table S5 online), the cumulative survival rate of the highest BUN quartile 
(Q4) was significantly lower than that of Q1 (P < 0.0001) and Q2 (P < 0.0001), whereas the difference relative to 
Q3 was not statistically significant (P = 0.069). Consistent with the 30-day findings, the survival curves for each 
group also differed significantly at 90 days and 180 days (P < 0.0001, Fig. 2b; P < 0.0001, Fig. 2c). Meanwhile, the 
conclusions drawn from the Cox regression were also consistent with those from the 30-day analysis. To further 
investigate the effects of BUN on 30-day all-cause mortality, four Cox models were developed (Table 2). These 
models were adjusted for various factors, including demographic information, laboratory results, and medical 
history. In Model 4, which included the most comprehensive adjustments, BUN was positively associated with 
the risk of 30-day mortality in patients with AIS (HR = 1.017, 95% CI: 1.010–1.025). Although the hazard ratio 
per 1 mg/dL increase appears numerically modest, it signifies a continuous, dose-dependent increase in risk. To 
contextualize this finding clinically, we calculated the cumulative effect over the interquartile range observed 
in our cohort. In the fully adjusted model (Model 4), patients in group Q4 had a 69.9% higher risk of 30-
day mortality compared to those in group Q1 (HR = 1.699, 95% CI: 1.272–2.269). Similarly, the risk was 41.6% 
higher in Q3 compared to Q1 (HR = 1.416, 95% CI: 1.094–1.834). Furthermore, BUN was positively associated 
with the risk of 90- and 180-day mortality in patients with AIS. Moreover, restricted cubic spline (RCS) analysis 
was used to assess the association between BUN and all-cause mortality in critically ill AIS patients (Fig. 3). The 
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variable
Total
 (n = 3250)

Q1
 (≤ 14 mg/dL)
 (n = 941)

Q2
 (14 < BUN ≤ 19 mg/dL)
 (n = 814)

Q3
 (19 < BUN ≤ 27 mg/dL)
 (n = 741)

Q4
 (> 27 mg/dL)
 (n = 754) p.value

Age (years) 69.24 ± 15.61 62.49 ± 16.03 69.16 ± 14.91 72.89 ± 14.04 74.16 ± 14.24 < 0.0001

Sex, n (%) < 0.01

 Female 1613 (49.63) 518 (55.05) 381 (46.81) 353 (47.64) 361 (47.88)

 Male 1637 (50.37) 423 (44.95) 433 (53.19) 388 (52.36) 393 (52.12)

Weight  (kg) 80.24 ± 23.12 79.98 ± 21.98 80.39 ± 20.33 80.60 ± 26.40 80.07 ± 23.92 0.94

Heart rate (beats/min) 81.00 ± 15.40 80.24 ± 14.75 79.18 ± 14.37 80.30 ± 15.21 84.58 ± 16.85 < 0.0001

Respiratory rate (inspirations/min) 19.21 ± 3.43 18.64 ± 3.01 19.12 ± 3.24 19.13 ± 3.33 20.10 ± 4.01 < 0.0001

SBP (mmHg) 131.21 ± 18.63 132.20 ± 17.45 133.59 ± 19.25 131.36 ± 17.95 127.25 ± 19.43 < 0.0001

DBP (mmHg) 70.12 ± 13.03 73.07 ± 12.92 71.87 ± 13.13 68.78 ± 12.68 65.86 ± 12.10 < 0.0001

MBP (mmHg) 87.43 ± 12.82 89.90 ± 12.83 89.21 ± 13.22 86.43 ± 12.10 83.39 ± 11.93 < 0.0001

Temperature (℃) 36.93 ± 0.48 36.97 ± 0.41 36.95 ± 0.39 36.91 ± 0.45 36.87 ± 0.66 < 0.001

SPO2 (%) 97.00 ± 1.87 97.10 ± 1.78 96.90 ± 1.73 96.96 ± 1.95 97.04 ± 2.02 0.11

Blood urea nitrogen (mg/dL) 24.14 ± 18.52 11.06 ± 2.33 16.84 ± 1.38 23.41 ± 2.63 48.80 ± 24.41 < 0.0001

Platelet (K/uL) 220.33 ± 86.99 236.03 ± 86.91 224.24 ± 74.98 214.68 ± 80.28 202.07 ± 100.63 < 0.0001

RBC (m/uL) 3.91 ± 0.64 4.01 ± 0.59 3.99 ± 0.59 3.93 ± 0.67 3.68 ± 0.66 < 0.0001

WBC (K/uL) 11.97 ± 8.08 11.07 ± 7.15 11.46 ± 6.56 12.01 ± 6.11 13.59 ± 11.45 < 0.0001

Serum creatinine (mg/dL) 1.13 ± 0.88 0.78 ± 0.22 0.90 ± 0.34 1.05 ± 0.45 1.91 ± 1.45 < 0.0001

Potassium (mEq/L) 4.14 ± 0.57 3.95 ± 0.43 4.09 ± 0.47 4.19 ± 0.57 4.40 ± 0.70 < 0.0001

ALT (IU/L) 72.53 ± 260.82 39.15 ± 82.47 45.26 ± 182.52 54.16 ± 136.58 161.69 ± 469.30 < 0.0001

AST (IU/L) 108.67 ± 482.10 48.78 ± 79.57 70.78 ± 465.03 89.23 ± 307.59 243.44 ± 802.42 < 0.0001

Heart failure, n (%) < 0.0001

 No 2548 (78.40) 846 (89.90) 673 (82.68) 563 (75.98) 466 (61.80)

 Yes 702 (21.60) 95 (10.10) 141 (17.32) 178 (24.02) 288 (38.20)

Diabetes, n (%) < 0.0001

 No 2233 (68.71) 704 (74.81) 584 (71.74) 516 (69.64) 429 (56.90)

 Yes 1017 (31.29) 237 (25.19) 230 (28.26) 225 (30.36) 325 (43.10)

Sepsis, n (%) < 0.0001

 No 2896 (89.11) 890 (94.58) 757 (93.00) 670 (90.42) 579 (76.79)

 Yes 354 (10.89) 51 ( 5.42) 57 ( 7.00) 71 ( 9.58) 175 (23.21)

CKD, n (%) < 0.0001

 No 2737 (84.22) 917 (97.45) 752 (92.38) 618 (83.40) 450 (59.68)

 Yes 513 (15.78) 24 ( 2.55) 62 ( 7.62) 123 (16.60) 304 (40.32)

Coronary heart disease, n (%) < 0.0001

 No 2283 (70.25) 755 (80.23) 595 (73.10) 505 (68.15) 428 (56.76)

 Yes 967 (29.75) 186 (19.77) 219 (26.90) 236 (31.85) 326 (43.24)

Hypertension, n (%) < 0.0001

 No 813 (25.02) 323 (34.33) 198 (24.32) 154 (20.78) 138 (18.30)

 Yes 2437 (74.98) 618 (65.67) 616 (75.68) 587 (79.22) 616 (81.70)

AKI, n (%) < 0.0001

 No 2464  (75.82) 878  (93.30) 710  (87.22) 554  (74.76) 322  (42.71)

 Yes 786  (24.18) 63  (6.70) 104  (12.78) 187  (25.24) 432  (57.29)

SOFA 3.77 ± 3.05 2.66 ± 2.32 3.03 ± 2.50 3.83 ± 2.78 5.88 ± 3.54 < 0.0001

APS III 40.68 ± 18.95 32.00 ± 14.62 34.66 ± 14.96 43.59 ± 17.05 55.13 ± 20.13 < 0.0001

OASIS 31.92 ± 8.39 29.33 ± 7.64 30.86 ± 7.68 32.42 ± 8.24 35.79 ± 8.69 < 0.0001

CCI 6.38 ± 2.85 5.17 ± 2.58 5.97 ± 2.54 6.72 ± 2.70 7.98 ± 2.79 < 0.0001

Hospital mortality, n (%) < 0.0001

 Alive 2739 (84.28) 853 (90.65) 717 (88.08) 615 (83.00) 554 (73.47)

 Death 511 (15.72) 88 ( 9.35) 97 (11.92) 126 (17.00) 200 (26.53)

ICU mortality, n (%) < 0.0001

 Alive 2932 (90.22) 877 (93.20) 758 (93.12) 661 (89.20) 636 (84.35)

 Death 318 ( 9.78) 64 ( 6.80) 56 ( 6.88) 80 (10.80) 118 (15.65)

30-day mortality, n (%) < 0.0001

 No 2542 (78.22) 821 (87.25) 676 (83.05) 563 (75.98) 482 (63.93)

 Yes 708 (21.78) 120 (12.75) 138 (16.95) 178 (24.02) 272 (36.07)

90-day mortality, n (%) < 0.0001

Continued
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RCS results revealed a linear relationship between BUN and 30-, 90-, and 180-day all-cause mortality in patients 
with AIS (P-nonlinearity > 0.05).

Subgroup analysis
Figure 4 depicts the association between BUN levels and 30-day, 90-day, and 180-day mortality across 
predefined patient subgroups: sex, age, heart failure, coronary artery disease, diabetes, CKD, and hypertension. 
The association between elevated BUN levels and increased mortality risk was consistent across all predefined 
subgroups. After Bonferroni correction for multiple testing (significance threshold set at P < 0.007), a significant 
interaction effect was observed only for CKD status (interaction P < 0.0001). No significant interactions were 
detected in the remaining groups (all interactions P > 0.007). This suggests that CKD may reduce the association 
strength of BUN for mortality outcomes. Extending the analysis to 90-day and 180-day all-cause mortality 
revealed trends consistent with the 30-day findings, further reinforcing the temporal consistency of BUN’s 
prognostic value.

Discussion
This study examined the association between admission BUN levels and 30-, 90-, and 180-day mortality in 
critically ill AIS patients. Our findings show that elevated BUN levels are significantly associated with increased 
mortality risk at all three time points. The critically ill AIS patients with admission BUN levels in the top 
quartile (> 27 mg/dL) faced a nearly 70% increased risk of 30-day mortality, a 45% increased risk of 90-day 
mortality, and a 36% increased risk of 180-day mortality compared to those in the bottom quartile, even after 
comprehensive multivariable adjustment. This graded, dose-response relationship across all three time points 
is highly statistically significant and clinically meaningful. The consistency of this association over both short- 
and long-term outcomes further reinforces the prognostic value of admission BUN levels in this vulnerable 

Fig. 2.  Kaplan-Meier curves for all-cause mortality stratified by admission BUN quartiles. (a) 30-day 
mortality, (b) 90-day mortality, (c) 180-day mortality. Q1: BUN ≤ 14 mg/dL; Q2: 14 < BUN ≤ 19 mg/dL; Q3: 
19 < BUN ≤ 27 mg/dL; Q4: BUN > 27 mg/dL. The number of patients at risk at each time point for each quartile 
(Q1: n = 941; Q2: n = 814; Q3: n = 741; Q4: n = 754) is shown below the graph. The log-rank test was used to 
compare overall survival differences, with a P value < 0.0001 for all panels.

 

variable
Total
 (n = 3250)

Q1
 (≤ 14 mg/dL)
 (n = 941)

Q2
 (14 < BUN ≤ 19 mg/dL)
 (n = 814)

Q3
 (19 < BUN ≤ 27 mg/dL)
 (n = 741)

Q4
 (> 27 mg/dL)
 (n = 754) p.value

 No 2347 (72.22) 784 (83.32) 636 (78.13) 518 (69.91) 409 (54.24)

 Yes 903 (27.78) 157 (16.68) 178 (21.87) 223 (30.09) 345 (45.76)

180-day mortality, n (%) < 0.0001

 No 2251 (69.26) 763 (81.08) 618 (75.92) 492 (66.40) 378 (50.13)

 Yes 999 (30.74) 178 (18.92) 196 (24.08) 249 (33.60) 376 (49.87)

Table 1.  Baseline characteristics of critically ill patients with AIS stratified by quartiles of BUN. AIS acute 
ischemic stroke, BUN blood urea nitrogen, RBC red blood cell, WBC white Blood Cell, TC total cholesterol, 
ALT alanine Aminotransferase, AST aspartate Aminotransferase, SBP systolic blood pressure, DBP diastolic 
blood pressure, MBP mean Blood Pressure, SpO2 percutaneous arterial oxygen saturation, APS III acute 
Physiology Score III, SOFA Sequential Organ Failure Assessment, OASIS Oxford Acute Severity of Illness 
Score, CCI Charlson Comorbidity Index, CKD chronic kidney disease, AKI acute kidney injury, ICU Intensive 
Care Unit, LOS Length of Stay. BUN: Q1:≤14 mg/dL; Q2:14 < BUN ≤ 19 mg/dL; Q3:19 < BUN ≤ 27 mg/dL; 
Q4:>27 mg/dL. Continuous variables are expressed as mean ± standard deviation and categorical variables are 
expressed as frequency (percentage).
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population. Subgroup analyses showed no significant interactions between BUN and mortality except with 
CKD. The association between elevated BUN and mortality risk was significantly stronger in patients without 
CKD than in those with CKD (interaction P < 0.001). The reduced risk discrimination of BUN in CKD patients 
highlights the importance of integrating renal function into clinical decision-making, as BUN elevation in non-
CKD populations may necessitate increased clinical vigilance. These findings highlight the potential prognostic 
value of BUN in critically ill AIS patients and emphasize its potential as a simple, cost-effective biomarker for 
risk stratification in intensive care settings. While the observational design prevents definitive causal inferences, 
our results lay the groundwork for future mechanistic studies exploring the pathophysiology underlying 
BUN-mortality associations, as well as clinical trials evaluating BUN-guided therapeutic interventions in AIS 
management.

Fig. 3.  Restricted cubic spline plots of the association between BUN levels and all-cause mortality. The shaded 
area represents the 95% confidence interval. The reference line is set at HR = 1. All three models adjusted 
for sex, age, weight, glucose, SPO2, serum creatinine, BUN/Scr, sodium, potassium, WBC, CKD, heart 
failure, Diabetes, Coronary heart disease, Hypertension and AKI, BUN Blood urea nitrogen. The P value for 
nonlinearity was > 0.05 for all time points, indicating a linear dose-response relationship.

 

character

Model 1 Model 2 Model 3 Model 4

95%CI P 95%CI P 95%CI P 95%CI P

30-day mortality

 BUN 1.017(1.012,1.022) < 0.0001 1.015(1.010,1.020) < 0.0001 1.009(1.003,1.015) 0.005 1.017(1.010,1.025) < 0.001

 Q1 Ref Ref Ref Ref

 Q2 1.273(0.997,1.626) 0.053 1.151(0.899,1.474) 0.264 1.132(0.880,1.456) 0.335 1.189(0.922,1.534) 0.183

 Q3 1.6(1.269,2.016) < 0.0001 1.394(1.099,1.767) 0.006 1.285(1.003,1.647) 0.048 1.416(1.094,1.834) 0.008

Q4 1.906(1.537,2.364) < 0.0001 1.638(1.311,2.046) < 0.0001 1.38(1.072,1.776) 0.012 1.699(1.272,2.269) < 0.001

 p for trend < 0.0001 < 0.0001 0.008 < 0.001

90-day mortality

 BUN 1.016(1.011,1.021) < 0.0001 1.014(1.009,1.019) < 0.0001 1.01(1.004,1.015) < 0.001 1.014(1.007,1.021) < 0.001

 Q1 Ref Ref Ref Ref

 Q2 1.231(0.993,1.526) 0.058 1.131(0.911,1.405) 0.266 1.103(0.884,1.375) 0.387 1.122(0.896,1.404) 0.316

 Q3 1.496(1.219,1.835) < 0.001 1.338(1.085,1.649) 0.006 1.243(0.998,1.548) 0.053 1.282(1.019,1.613) 0.034

 Q4 1.755(1.453,2.121) < 0.0001 1.558(1.282,1.893) < 0.0001 1.348(1.080,1.683) 0.008 1.453(1.124,1.878) 0.004

 p for trend < 0.0001 < 0.0001 0.004 0.003

180-day mortality

 BUN 1.015(1.010,1.019) < 0.0001 1.013(1.008,1.017) < 0.0001 1.009(1.003,1.014) 0.001 1.011(1.004,1.018) 0.001

 Q1 Ref Ref Ref Ref

 Q2 1.191(0.972,1.459) 0.092 1.094(0.891,1.343) 0.390 1.066(0.865,1.315) 0.549 1.073(0.868,1.328) 0.513

 Q3 1.47(1.213,1.782) < 0.0001 1.319(1.083,1.606) 0.006 1.231(1.000,1.515) 0.050 1.245(1.002,1.547) 0.048

 Q4 1.674(1.400,2.002) < 0.0001 1.493(1.242,1.794) < 0.0001 1.309(1.061,1.615) 0.012 1.36(1.065,1.736) 0.014

 p for trend < 0.0001 < 0.0001 0.005 0.006

Table 2.  Multivariate Cox regression analysis between BUN and 30-day, 90-day and 180-day mortality in 
critical patients with AIS. HR Hazard Ratio, 95% CI Confidence Interval. Model 1: not adjusted. Model 2: 
adjusted for sex, age and weight. Model 3: adjusted for sex, age, weight, glucose, SPO2, serum creatinine, 
BUN/Scr, sodium, potassium and WBC. Model 4: sex, age, weight, glucose, SPO2, serum creatinine, BUN/Scr, 
sodium, potassium and WBC, CKD, heart failure, Diabetes, Coronary heart disease, Hypertension and AKI.
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Previous research has shown that BUN acts as an independent prognostic indicator in critically ill patients, 
strongly correlated with poor outcomes in cardiovascular diseases, including coronary artery disease. Its 
predictive power exceeds that of traditional renal function markers, such as SCr and eGFR, even after accounting 
for potential confounders9,11. Kirtane et al.10 reported that in patients with unstable coronary syndromes and 
normal or mildly reduced eGFR, elevated BUN levels were associated with a 2.2- to 2.7-fold increase in mortality 
risk, independent of baseline clinical characteristics, renal function, or other biomarkers. Heather et al.12 further 
validated that BUN levels at admission were a more sensitive short-term prognostic indicator than NT-proBNP 
in heart failure patients. Similarly, a retrospective cohort study by Liu et al.13 utilizing the MIMIC database, found 
that higher BUN levels were strongly associated with adverse clinical outcomes in patients with cardiogenic 
shock. Historically, research on the relationship between BUN and outcomes in AIS patients has been limited, 
with ongoing debate about the prognostic relevance of renal biomarkers14–17. BUN has often been considered a 
less specific renal marker than SCr and eGFR. However, recent studies suggest that BUN independently predicts 
poor prognosis in AIS patients. For example, You et al.9 showed that elevated BUN levels were significantly 
associated with increased in-hospital mortality. After adjusting for potential confounders (including eGFR), 
patients with higher BUN levels exhibited a 3.75-fold increased risk of in-hospital death. This association 
remained significant in subgroup analyses stratified by eGFR. Additionally, a cohort study of 1,866 patients18 
found that those in the highest BUN quartile (≥ 19 mg/dL) had a significantly increased risk of 3-month adverse 
outcomes (p < 0.001). To date, no research has specifically focused on critically ill AIS patients in the ICU. ICU-
admitted AIS patients often exhibit increased clinical complexity due to the multifactorial nature of critical illness 
and comorbidities. Timely identification of high-risk patients with poor prognoses is essential for guiding urgent 
clinical interventions, optimizing resource allocation, and tailoring personalized therapeutic strategies for this 
vulnerable population. To address this gap, our study specifically examined critically ill AIS patients in the ICU. 
We found that elevated BUN levels were consistently associated with increased short- and long-term mortality 
risks. After adjusting for confounders, patients in higher BUN quartiles (Q3 and Q4) exhibited 1.45-fold and 1.5-
fold increases in 30-day mortality risk, respectively. Subgroup analyses confirmed the consistent and significant 
association between elevated BUN and both short- and long-term mortality across diverse clinical strata.

The exact mechanism linking high BUN levels to poor prognosis in critically ill AIS patients remains unclear. 
First, elevated BUN on admission may reflect haemodynamic deterioration8, a known predictor of poor stroke 
prognosis19. Secondly, Cardiovascular complications are key determinants of poor prognosis in patients with 
AIS20. Renal tubular reabsorption of urea occurs through two distinct mechanisms: concentration-dependent 
reabsorption in the proximal tubule and arginine vasopressin (AVP)-dependent reabsorption in the collecting 
duct21,22. Activation of the sympathetic nervous system (SNS) and the renin-angiotensin-aldosterone system 
(RAAS) decreases urinary flow rates, thereby promoting urea reabsorption through concentration-dependent 
pathways13. Elevated BUN levels post-AIS are strongly associated with sympathetic overactivation23. AIS 
can induce autonomic dysregulation triggers SNS hyperactivity, which elevates circulating catecholamines 
and cardiac troponin levels, promotes arrhythmias independently associated with sudden cardiac death, 
and exacerbates myocardial injury24–26. These cascades may result in fatal outcomes or predispose survivors 
to lifelong cardiac sequelae, adversely affecting both short-term and long-term prognosis27. This further 
underscores the necessity of close monitoring and implementing cardioprotective interventions in critically 
ill AIS patients with elevated BUN levels to mitigate cardiac complications and improve clinical outcomes. 
Additionally, patients with severe cerebral infarction exhibit a stress response during the acute phase that 
activates the hypothalamic‑pituitary‑adrenal (HPA) axis. This activation leads to an increase in the synthesis 
and secretion of cortisol28. Cortisol stimulates proteolysis, thereby releasing substantial quantities of amino acids 

Fig. 4.  Forest plots of subgroup analysis for the correlation between BUN and 30-day(a), 90-day(b) and 
180-day(c) all-cause mortality. Hazard ratios with 95% confidence intervals are shown for each subgroup. 
Models were adjusted for glucose, SpO2, serum creatinine, sodium, potassium, WBC, with interaction terms 
tested for predefined strata: sex, age, and the presence of heart failure, coronary artery disease, diabetes, 
hypertension, or CKD. CI: Confidence Interval, HR: Hazard Ratio, CKD: chronic kidney disease.
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into the bloodstream. Following hepatic uptake, these amino acids undergo transamination, which removes 
amino groups and subsequently activates the ornithine cycle. This process results in increased urea production, 
ultimately leading to elevated BUN levels. Studies have demonstrated a positive correlation between serum 
cortisol concentrations and stroke severity29, suggesting that BUN concentrations are also closely associated with 
stroke severity. Furthermore, the inflammatory response triggered by cerebral infarction induces the release of 
pro-inflammatory cytokines30. These cytokines accelerate muscle protein catabolism and amino-acid release via 
the ubiquitin–proteasome pathway31,32, further contributing to BUN production. In summary, elevated BUN 
concentrations reflect the severity of cerebral infarction and are associated with adverse outcomes.

Our study has several strengths: first, we observed an association between BUN levels on admission and 
mortality in critically ill AIS patients at 30, 90, and 180 days. This suggests that BUN levels may serve as an 
independent risk factor for predicting short- to long-term survival. The results may help clinicians quickly 
identify high-risk patients and guide clinical decision-making. Our findings support BUN’s role in ICU 
triage: high level BUN may prompt early interventions, including volume assessment, nutritional support, or 
neurohormonal modulation. Future trials should test BUN-guided protocols for high-risk AIS patients.

This study has several limitations: first, it used observational data from the MIMIC-IV database, a retrospective 
analysis conducted at a single medical center, which limits the ability to establish a clear causal relationship. 
Although we included a large number of patients, further validation through multicenter prospective studies 
with larger sample sizes and longer time spans is needed. Second, although we adjusted for various variables 
and conducted subgroup analyses, potential confounders may still influence our findings. Additionally, the 
laboratory data used in this study were collected on the first day of patients’ admission to the ICU; therefore, 
we could not analyze the impact of persistent changes in BUN on survival in critically ill AIS patients. Finally, 
although we observed an association between BUN and mortality across three time periods in this study, we 
could not establish a direct causal relationship, and the exact mechanism requires further investigation.

Conclusion
Our study demonstrates that elevated BUN levels are significantly associated with increased 30-day all-cause 
mortality in critically ill AIS patients. Importantly, subgroup analysis revealed a critical modification by CKD 
status: the association was substantially stronger in non-CKD patients, whereas BUN’s predictive utility was 
attenuated in CKD populations. This underscores the potential of BUN as a pragmatic prognostic biomarker, 
particularly in non-CKD individuals, where it may better inform risk stratification and clinical decision-
making. We observed that higher BUN was consistently associated with increased all-cause mortality, and this 
relationship held for both 90-day and 180-day mortality as well.

Data availability
Data for this study were obtained from the MIMIC-IV database. Available at: ​h​t​t​p​s​:​/​/​p​h​y​s​i​o​n​e​t​.​o​r​g​/​c​o​n​t​e​n​t​/​m​i​
m​i​c​i​v​/​3​.​0​/​​​​​.​​
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