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Abstract

Objective

Blood urea nitrogen (BUN) is a commonly used biomarker for assessing kidney function and
neuroendocrine activity. Previous studies have indicated that elevated BUN levels are asso-
ciated with increased mortality in various critically ill patient populations. The focus of this
study was to investigate the relationship between BUN and 28-day mortality in intensive
care patients.

Methods

This was a multi-centre retrospective cohort study that made use of data from the elCU Col-
laborative Research Database. The primary exposure variable was BUN, and the outcome
was 28-day mortality. The following variables were included as covariates: age, gender,
BMI, white blood cell count, creatinine, GCS score, APACHE IV score, and diabetes. The
statistical analyses included univariate and multivariate logistic regression, as well as gener-
alized additive modelling, which was employed to assess the non-linear relationship
between BUN and mortality.

Results

A total of 63,757 elderly patients were included in the study, with a 28-day mortality of 6.5%.
The univariate analysis indicated that elevated BUN quartiles were associated with an
increased risk of mortality. The results of the multivariate analysis further confirmed the non-
linear relationship between BUN and mortality. When BUN was less than 32 mg/dL, there
was a significant positive association, with an adjusted odds ratio of 1.230 (95% ClI: 1.154—
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1.311, p<0.0001) for every 10 mg/dL increase in BUN. However, when BUN was greater
than or equal to 32 mg/dL, BUN level had no significant effect on mortality.

Conclusion

BUN showed a nonlinear, threshold correlation with 28-day mortality in critically ill patients.
The higher the BUN, the greater the risk of death if the BUN is below the threshold.

Introduction

Blood urea nitrogen (BUN) is a waste product of protein metabolism produced by the liver
and excreted by the kidneys [1]. As a biomarker, BUN is commonly used for the routine
assessment of kidney function [2]. However, BUN is not solely a marker of renal function. In
addition to assessing renal function, BUN is also a useful indicator of neurohormonal activity
[3]. This is because impaired cardiac and renal function, as well as neurohormonal dysregula-
tion, can lead to increased BUN levels, which have been associated with higher mortality across
a variety of diseases [3, 4].

A number of studies have demonstrated a significant association between elevated BUN
levels and mortality in a variety of critically ill patients, including those with heart failure [5],
acute coronary syndrome [6], acute exacerbation of chronic obstructive pulmonary disease
(COPD) [7], COVID-19 [8, 9], and acute pancreatitis [10, 11] and ICU patients [12]. A study
demonstrated that elevated BUN levels were significantly associated with mortality in critically
ill ICU patients, and this association persisted even after adjusting for multiple other potential
confounding factors [9]. A positive correlation between BUN levels and in-hospital mortality
was also confirmed in a study [12], but the AUC value of 0.63 for BUN derived from ROC
analysis indicated that it has limited predictive capacity. Furthermore, there are discrepancies
in the BUN threshold levels identified by different studies [7, 9], which may be attributable to
the heterogeneity of the study populations and the statistical methodologies employed.

We hypothesised that both high and low BUN levels are associated with a high risk of all-
cause mortality within 28 days in critically ill patients. Therefore, the aim of this study was to
investigate the relationship between BUN levels and death and to explore the threshold of
BUN levels where the risk of death is significantly increased, which is a high priority for criti-
cally ill patients.

Methods

Data source

The data analyzed in this study were extracted from the eICU-CRD [13]. The database was a
multi-center ICU database for over 200,000 admissions in 2014 and 2015 at 208 United States
Hospitals. All data were automatically stored via the Philips Healthcare eICU program and
retrieved electronically. The eICU-CRD has been employed for observational research [14-
16]. The utilisation of this database has been approved by the institutional review boards of
Massachusetts Institute of Technology (Cambridge, MA, USA). One author (Xinglin Chen)
obtained the access and was responsible for the data extraction (certification num-
ber:40859994). All methods were performed in accordance with the eICU-CRD relevant
guidelines and regulations. As the study was retrospective and analysed anonymous data,
informed consent was not required.
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Study population

This study was a multi-center retrospective cohort study. The study initially involved 200859
participants; 137102 participants were subsequently excluded from this study, leaving 63757
cases for the final data analysis. The exclusion criteria were as follows (1) less than 60 years of
age; (2) admission to ICU for less than 24 hours; (3) less than one record of BUN after ICU
admission. The study flow chart was shown in (Fig 1).

Variables

The eICU database comprises a range of data, including demographic information, physiologi-
cal indicators derived from bedside monitors, diagnoses according to the International Classi-
fication of Diseases, 9th Edition, Clinical Modification (ICD-9-CM) codes, and other
laboratory data obtained during routine medical care. All data were collected within 24 hours
of admission.

The primary exposure variable was BUN, which was quantified in mg/dL. The covariates
included in this study were selected on the basis of clinical experience and risk factors reported
in the literature. The involved covariates were age (age at admission), gender (male or female)
and body mass index (BMI, kg/m?). Additionally, white blood cell (WBC) counted in units per
microlitre of blood was considered an indicator of inflammation and infection, while serum

Patients on intensive care unit(ICU) admission
(N=200,859)

Exclusion: age <60
N=76034 (37.9%)

Exclusion: ICU stays <24 hours
N=40503 (20.2%)

Exclusion: less then 1 record of BUN after
——{ ICU admission
N=20565 (10.2%)

63757 Were included in study analysis

Fig 1. Flow chart of study population. ICU, intensive care unit.
https://doi.org/10.1371/journal.pone.0317315.g001
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creatinine level in mg/dL was applied for renal function assessment. The Glasgow Coma Scale
(GCS) was employed to evaluate the level of consciousness, with scores ranging from 3 to 15,
with lower scores indicating a more severe impairment of consciousness. The Acute Physio-
logical and Chronic Health Evaluation (APACHE) IV score was utilized to assess the severity
of the condition, with higher scores indicating a more severe condition. The status of diabetes
mellitus (DM) was categorised as present or absent based on the patient’s medical history.

Outcomes

The study’s end point was 28-day mortality, which was defined as death occurring within 28
days of ICU admission.

Statistical analysis

Descriptive statistics were utilized to analyse the characteristic and distribution of the popula-
tion. Continuous variables are presented as mean standard deviation (Gaussian distribution) or
median and interquartile range (IQR) (skewed distribution), and categorical data are described
as numbers and percentages. Differences among the tertiles of BUN were assessed using one-
way analysis of variance (ANOVA) for continuous data with a Gaussian distribution, the Krus-
kal-Wallis H test for skewed continuous data, and chi-squared tests for categorical variables.

A generalized additive model (GAM) was employed to ascertain the dose-response relation-
ship between BUN and 28-day mortality, and smoothed curve-fitting plots were generated, as
described in the previous analysis [17, 18]. Univariate and multivariate binary logistic regres-
sion models were used to test the connection between the BUN and 28-day mortality. Further-
more, two adjustment models were constructed to account for potential confounding
variables. These included age (years), gender, BMI, WBC, creatinine, Apache IV score, GCS
score, and diabetes. The results are presented as odds ratios (ORs) with its 95% confidence
intervals (95% CIs).

Subsequently, a two-piece-wise linear regression model was employed to assess the thresh-
old effect of BUN on 28-day mortality. The turning point for BUN was identified using
“exploratory” analyses, which entailed moving the trial turning point along the pre-defined
interval and selecting the one that yielded the maximum model likelihood. Additionally, a log-
likelihood ratio test was performed, comparing the one-line linear regression model with the
two-piecewise linear model. All the statistical analysis was performed using R software version
4.0.0 (http://www.r-project.org) and the Empower Stats (www.empowerstats.com, X&Y solu-
tions, Inc. Boston MA). Two-sided p values < 0.05 was considered statistically significant.

Ethics approval and consent to participate

Data was extracted from the eICU Collaborative Research Database (eICU-CRD)9 in accor-
dance with the data usage agreement (our record ID: 40859994) by the PhysioNet review com-
mittee. The utilized database is released under the Health Insurance Portability and
Accountability Act (HIPAA) safe harbor provision. This was a retrospective analysis based on
an anonymous database for researchers and did not require ethical approval from the local eth-
ics committee.

Results
Baseline characteristics

Data from 63,757 patients were analyzed (Table 1). All participants were adults aged 60-89
years old (mean+SD: 73.87+8.67 years),34170 patients were females (53.6%). The 28-day ICU
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Table 1. Baseline characteristics of participants (n = 63757).

Characteristics BUN (per 10 mg/dL)
Tertile 1 Tertile 2 Tertile 3 P-value
0.10-1.79 1.80-3.19 3.20-25.40
n =20081 n=21928 n=21748
Age (years) 71.90 £8.30 74.53+8.64 75.02 £8.74 <0.001
Gender, n (%) <0.001
Male 10289 (51.25) 9873 (45.04) 9415 (43.29)
Female 9789 (48.75) 12049 (54.96) 12332 (56.71)
BMI (kg/mz) 27.90 £7.08 28.61 £7.55 29.34 £8.51 <0.001
APACHE IV score 54.29 £19.16 65.89 +£21.63 78.98 £23.50 <0.001
GCS Score 12.92+3.41 12.73£3.52 12.46 +3.57 <0.001
WBC (1079/L) 6.50 (5.20-7.52) 10.59 (9.46-12.10) 18.20(15.60-22.60) <0.001
Creatinine (mg/dL) 0.70 (0.59-0.79) 1.12 (0.99-1.29) 2.30 (1.78-3.50) <0.001
DM, n (%) <0.001
No 18222 (90.74) 19262 (87.84) 18050 (83.00)
Yes 1859 (9.26) 2666 (12.16) 3698 (17.00)

Results in table: Mean+ SD, Median (Q1-Q3)/ n (%).

Abbreviations: BUN, blood urea nitrogen; BMI, body mass index; APACHE, Acute Physiological and Chronic Health Evaluation; GCS, Glasgow Coma Scale; WBC,
white blood cell; DM, diabetes mellitus. Among the 63757 participants, the amount of missing values for the covariates were 10 (0.02%) for gender, 1935 (3.03%) for
BMI, 6405 (10.05%) for APACHE IV score, 1036 (1.62%) for GCS Score, 4342 (6.81%) for WBC, 108 (0.17%) for Creatinine.

https://doi.org/10.1371/journal.pone.0317315.t001

mortality rate was 4175/63757 = 6.5% (95% CI; 6.36-6.74). In comparison to participants in
the lowest tertile of BUN, those in the highest tertile were older, higher BMI, and exhibited a
significantly elevated prevalence of DM. Additionally, the male proportion significantly
decreased from 51.25% to 43.29% (P < 0.001), indicating a significant difference in gender
distribution.

Univariate analysis for 28-day mortality

Table 2 shows the univariate logistic models. The analysis revealed that those in the highest
BUN tertile (3.20-25.40 mg/dL) exhibited a significantly elevated risk of mortality in compari-
son to subjects in the lowest BUN tertile (0.10-1.79 mg/dL). The OR for the middle tertile
(1.80-3.19 mg/dL) was 1.99 (95% CI: 1.80-2.20, P < 0.0001), while the OR for the highest ter-
tile (3.20-25.40 mg/dL) was 3.85 (95% CI: 3.52-4.23, P < 0.0001). Covariates such as APACHE
IV score, WBC, and creatinine levels were significantly positively correlated with the 28-day
mortality, whereas the GCS score showed a significant negative correlation.

Relationship between BUN and 28-day mortality

In the unadjusted model, for each 10 mg/dL increase in BUN, the OR for mortality was 1.157
(95%CI 1.146, 1.169, P<0.00001). This finding remained significant even in the adjusted mod-
els (OR =1.029, 95%CI 1.010, 1.049, P = 0.00262), indicating that higher BUN is indepen-
dently associated with a higher risk of mortality. Analysis by BUN tertiles further presented
those patients in the middle and highest tertiles of BUN had a significantly higher mortality
risk compared to those in the lowest tertile. Specifically, the OR for mortality were 1.181 (95%
CI 1.050, 1.327, P = 0.00545) for the middle tertile and 1.413 (95%CI 1.245, 1.603 P<0.00001)
for the highest tertile (Table 3).
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Table 2. Univariate analysis for 28-day mortality.

Exposure Statistics OR (95%CI) P-value
BUN (per 10 mg/dL) 3.09 £ 2.30 1.16 (1.15, 1.17) <0.0001
BUN Tertile (per 10 mg/dL)

Tertile 1 (0.10-1.79) 20081 (31.50) Reference

Tertile 2 (1.80-3.19) 21928 (34.39) 1.99 (1.80, 2.20) <0.0001

Tertile 3 (3.20-25.40) 21748 (34.11) 3.85(3.52,4.23) <0.0001
Age (years) 73.87 £ 8.67 1.01 (1.01, 1.02) <0.0001
Gender, n (%)
Male 29577 (46.40) Reference
Female 34170 (53.60) 1.03 (0.96, 1.09) 0.4008
BMI (kg/mz) 28.64 £7.77 0.99 (0.99, 1.00) 0.0049
APACHE IV score 66.71 £ 23.78 1.04 (1.04, 1.04) <0.0001
GCS score 12.70 £ 3.51 0.83 (0.83,0.84) <0.0001
WBC(10A9/L) 12.61 + 8.51 1.03 (1.03, 1.04) <0.0001
Creatinine(mg/dL) 1.62 + 1.57 1.15(1.14,1.17) <0.0001
DM, n (%)

No 55534 (87.10) Reference

Yes 8223 (12.90) 1.03 (0.94, 1.13) 0.518

Results in table: Mean+ SD / n (%).

Abbreviations:BUN, blood urea nitrogen; BMI, body mass index; APACHE, Acute Physiological and Chronic Health Evaluation; GCS, Glasgow Coma Scale; WBC, white
blood cell; DM, diabetes mellitus; OR, odds ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0317315.t002

Identification of nonlinear relationship

A nonlinear dose-response relationship was presented between the BUN and mortality (Fig 2
and Table 4). When the BUN was <32mg/dL, a positive correlation was observed between the
BUN and mortality, with an adjusted OR of 1.230 (95% CI: 1.154-1.311, P < 0.0001) for each
10 mg/dL in the BUN. When the BUN was >32mg/dL, the effect was not significant, as indi-
cated by an adjusted OR of 0.997 (95% CI: 0.975-1.020, P = 0.811), suggesting negligible
impact on mortality (Table 4). Utilizing the generalized additive model, a nonlinear associa-
tion between the BUN and 28-day mortality was identified (Table 4). A comparison was

Table 3. Relationship between BUN and 28-day mortality.

Outcome Non-adjusted model (OR,

95%, P)

Adjusted model I (OR, 95%,
P)

Adjusted model II (OR, 95%,
P)

BUN (per 10 mg/ | 1.157 (1.146, 1.169) <0.00001

1.156 (1.144, 1.168)

1.029 (1.010, 1.049) 0.00262

dL) <0.00001
BUN tertile
Low Reference Reference Reference
Middle 1.991 (1.803, 2.198) <0.00001 1.962 (1.776, 2.167) 1.181 (1.050, 1.327) 0.00545
<0.00001
High 3.855 (3.516, 4.226) <0.00001 3.795 (3.459, 4.165) 1.413 (1.245, 1.603) <0.00001
<0.00001

Abbreviations: OR, odds ratio, BUN, blood urea nitrogen.

Modelladjusted for Gender and Age(years).

Modellladjusted for age (years), gender, BMI, WBC, creatinine, Apache IV score, GCS score

and diabetes.

https://doi.org/10.1371/journal.pone.0317315.t003
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Fig 2. Associations between the BUN(mg/dL) and 28-day mortality in critically ill patients. A threshold, nonlinear
association between the BUN and 28-day mortality was found in a generalized additive model (GAM). Solid rad line
represents the smooth curve fit between variables. Blue bands represent the 95% of confidence interval from the fit. Adjusted
for age (years), gender, BMI, WBC level, creatinine level, GCS score, APACHE IV score and DM.

https://doi.org/10.1371/journal.pone.0317315.9002

Table 4. Threshold effect analysis of the BUN(mg/dL)and 28-day mortality.

Models OR (95%CI) P value

Model I

One line effect 1.029 (1.010, 1.049) 0.0026
Model I

Turning point (K) 3.2 mg/dL

BUN(per 10 mg/dL) < K 1.230 (1.154, 1.311) <0.0001

BUN(per 10 mg/dL) > K 0.997 (0.975, 1.020) 0.811

P value for LRT test* <0.001

Data were presented as OR (95% CI) P value; Model I, linear analysis; Model II, non-linear analysis. Adjusted for age
(years), gender, BMI, APACHE IV score, GCS Score, WBC, Creatinine, DM. Abbreviations: OR, odds ratio; CI,
confidence interval; BUN, blood urea nitrogen; LRT, logarithm likelihood ratio test. * P<0.05 indicates that model I
is significantly different from Model I.

https://doi.org/10.1371/journal.pone.0317315.t1004
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conducted between the linear regression model and a two-piece-wise linear regression model,
and the P value of the log-likelihood ratio test was less than 0.001. This result demonstrates
that the two-piece-wise linear regression model should be used to fit the model.

Discussion

The objective of this study was to investigate the relationship between BUN levels and 28-day
mortality in critically ill patients. The results demonstrated a nonlinear correlation between
BUN and 28-day mortality in critically ill patients, with the formation of a threshold effect
curve. Additionally, distinct correlations between BUN and 28-day mortality were observed
on either side of the inflection point. When BUN was below 32 mg/dL, the risk of death was
significantly increased by 23% for every 10 mg/dL increase in BUN (adjusted OR = 1.230, 95%
CI: 1.154-1.311, P<0.0001). This suggests that healthcare professionals should pay close atten-
tion to patients with low BUN, as low BUN levels may indicate some potentially serious condi-
tions. Conversely, elevated BUN had no significant effect on mortality when BUN was greater
than 32 mg/dL (adjusted OR = 0.997, 95% CI: 0.975-1.020, P = 0.811). When the BUN levels
were categorized into three groups, the risk of death in the moderate and high BUN groups
was 1.962 and 3.795 times higher, respectively, than that in the low BUN group. These differ-
ences were all statistically significant. These findings indicate that BUN may serve as a valuable
biomarker for prognostication in critically ill patients, enabling clinicians to identify high-risk
individuals and implement targeted therapeutic strategies in a timely manner.

Numerous studies have confirmed that elevated BUN levels are associated with a poor prog-
nosis for a variety of serious diseases. Mohan et al. [19] observed that higher BUN levels were
associated with a significantly increased risk of in-hospital mortality in critically ill AECOPD
patients. Bernhard et al. [12] also found that BUN was significantly associated with in-hospital
mortality (HR 1.03; 95% CI 1.01-1.05; p < 0.001), and this association persisted even after cor-
rection for several factors such as APACHE2 and renal function. Canlin et al. [6] observed an
association between elevated BUN concentrations and an increased risk of cardiovascular dis-
ease and all-cause mortality. Yaser et al. [20] and colleagues also identified baseline BUN levels
as an independent predictor of short-term mortality in patients with acute pulmonary embo-
lism. Hongfang et al. [21] further demonstrated a nonlinear association between BUN and all-
cause mortality and cardiovascular disease mortality in diabetic patients. A systematic evalua-
tion [22] demonstrated that elevated BUN levels were an independent predictor of all-cause
mortality in patients with heart failure. Additionally, a study by Jeffrey M. et al. [23] indicated
that patients with BUN levels above the median exhibited a significantly increased mortality
rate when treated with high-dose labelled diuretics. The studies by Jun Liu [24] and Jiarui
Zhang [7] also lend support to the view that BUN plays an independent role in determining
the severity of acute disease and the likelihood of poor prognosis, particularly in patients with
acute aortic coarctation and AECOPD, where elevated BUN levels have been shown to be sig-
nificantly associated with in-hospital mortality. Our research builds upon previous research in
the same field, but with greater precision. In addition to identifying a non-linear relationship,
we have also determined the threshold value.

In addition, a study [25] included 4176 patients (67+13 years) admitted to ICUs in Ger-
many between 2004 and 2009, and patients were retrospectively followed up from May 2013
to November 2013. Cox regression was used to analyse the relationship between hospital
BUN and in-hospital and long-term mortality. The study revealed that elevated BUN levels
at the time of admission were significantly linked to unfavourable outcomes in critically ill
ICU patients. Furthermore, the researchers identified an optimal threshold of 28 mg/dL,
above which patients exhibited a poor prognosis. Our study aligns with this one in terms of
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its overall objective, but we employed a generalised additive model to assess the nonlinear
relationship between BUN and 28-day mortality. Furthermore, we evaluated the predictive
effects of linear and segmented linear models, with our thresholds being more precise. Fur-
thermore, our study provides the first insight into the dose-response relationship between
BUN levels and short-term prognosis in a large population of ICU patients.This provides a
crucial foundation for clinicians to assess the prognosis of critically ill patients and make
treatment decisions.

Elevated BUN levels have been linked to an increased risk of mortality through a number of
mechanisms. Primarily, BUN serves as an important indicator of renal function. When renal
function is impaired, the kidneys are unable to effectively remove metabolic waste products,
leading to elevated BUN levels. Prolonged renal insufficiency has been shown to trigger sys-
temic metabolic disorders [25] and increase the risk of cardiovascular events. Secondly, in
patients with heart failure, elevated BUN levels may be indicative of a decline in the heart’s
pumping function, which can result in impaired blood return, thereby increasing the burden
on the heart and potentially exacerbating heart failure [26]. Furthermore, elevated BUN levels
may indicate increased protein catabolism or decreased renal function, which can result in
metabolic disturbances such as electrolyte imbalance and acid-base balance imbalance. These
in turn can lead to further impairment of organ function [27]. It has been demonstrated that
elevated BUN levels are associated with an inflammatory response within the body. This
inflammatory response may subsequently lead to vascular endothelial dysfunction and throm-
bosis, thereby increasing the risk of cardiovascular events [28]. Accordingly, elevated BUN lev-
els may elevate the risk of mortality through a number of pathways that affect renal function,
cardiac function, and systemic metabolic status. It is imperative that patients exhibiting
markedly elevated BUN levels be subjected to rigorous monitoring of renal function and car-
diac status. In addition, the implementation of efficacious therapeutic measures is of para-
mount importance to enhance the prognosis.

The present study is characterized by a number of key strengths. Firstly, the reliability of
the data is attributable to the relatively large sample size, as this was a multi-centre study
encompassing patient data from 208 hospitals in the United States. Secondly, a nonlinear rela-
tionship was observed between BUN and the 28-day risk of death. Furthermore, we identified
the inflection point at which BUN was positively correlated with mortality when BUN was less
than 32 mg/dL. This provides a crucial basis for clinicians to assess the prognosis of critically
ill patients and make treatment.

Study limitations

This study also has some potential limitations. Firstly, this was a retrospective analytical study,
and although we have adjusted for some confounders, there may be residual or unmeasured
confounders. Secondly, it should be noted that all patients included in this study were from the
intensive care unit. As a result, the findings may not be applicable to patients in general wards.
Also because we included a population aged 60-89 years. Therefore, our results cannot be
extrapolated to other age groups. Furthermore, the study is subject to additional limitations,
including the absence of data for certain variables. However, the use of modern methods to
deal with missing data has been employed in order to minimize the potential for bias. Further-
more, it was not possible to ascertain long-term outcomes, as the database only provided data
on short-term follow-up. In conclusion, the study data were derived from a single database,
which may limit the generalizability of the results. It is therefore recommended that future
prospective studies be conducted in different populations in order to further validate and
extend the applicability of these findings.
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Conclusions

BUN showed a nonlinear, threshold correlation with 28-day mortality in critically ill patients.
The higher the BUN, the greater the risk of death if the BUN is below the threshold.

Acknowledgments
The author is very grateful to the data providers of the study.

Author Contributions

Conceptualization: Ting Deng, Die Wu, Shan-shan Liu, Xing-lin Chen, Zhen-wei Zhao, Lan-
lang Zhang.

Data curation: Ting Deng, Die Wu, Shan-shan Liu, Xing-lin Chen, Zhen-wei Zhao, Lan-lang
Zhang.

Formal analysis: Ting Deng, Die Wu, Shan-shan Liu, Xing-lin Chen, Zhen-wei Zhao, Lan-
lang Zhang.

Investigation: Ting Deng, Die Wu, Shan-shan Liu, Xing-lin Chen, Zhen-wei Zhao, Lan-lang
Zhang.

Methodology: Ting Deng, Die Wu, Shan-shan Liu, Xing-lin Chen, Zhen-wei Zhao.
Project administration: Ting Deng, Die Wu, Lan-lang Zhang.

Supervision: Lan-lang Zhang.

Writing - original draft: Ting Deng, Die Wu, Lan-lang Zhang.

Writing - review & editing: Ting Deng, Die Wu, Shan-shan Liu, Xing-lin Chen, Zhen-wei
Zhao, Lan-lang Zhang.

References

1. PengR,LiuK, LiW, YuanY, NiuR, Zhou L, et al. Blood urea nitrogen, blood urea nitrogen to creatinine
ratio and incident stroke: The Dongfeng-Tongji cohort. Atherosclerosis. 2021. 333: 1-8. https://doi.org/
10.1016/j.atherosclerosis.2021.08.011 PMID: 34390959.

2. YousS, Zheng D, Zhong C, Wang X, Tang W, Sheng L. Prognostic Significance of Blood Urea Nitrogen
in Acute Ischemic Stroke. Circ J. 2018. 82(2): 572-578. https://doi.org/10.1253/circj.CJ-17-0485 PMID:
28904257.

3. Kazory A. Emergence of blood urea nitrogen as a biomarker of neurohormonal activation in heart fail-
ure. Am J Cardiol. 2010. 106(5): 694—700. https://doi.org/10.1016/j.amjcard.2010.04.024 PMID:
20723648

4. Testani JM, Coca SG, Shannon RP, Kimmel SE, Cappola TP. Influence of renal dysfunction phenotype
on mortality in the setting of cardiac dysfunction: analysis of three randomized controlled trials. Eur J
Heart Fail. 2011. 13(11): 1224-30. https://doi.org/10.1093/eurjhf/hfr123 PMID: 21926073.

5. Tolomeo P, Butt JH, Kondo T, Campo G, Desai AS, Jhund PS, et al. Independent prognostic impor-
tance of blood urea nitrogen to creatinine ratio in heart failure. Eur J Heart Fail. 2024. 26(2): 245-256.
https://doi.org/10.1002/ejhf.3114 PMID: 38124454.

6. HongC, ZhuH, Zhou X, Zhai X, Li S, Ma W, et al. Association of Blood Urea Nitrogen with Cardiovascu-
lar Diseases and All-Cause Mortality in USA Adults: Results from NHANES 1999-2006. Nutrients.
2023. 15(2): 461. https://doi.org/10.3390/nu15020461 PMID: 36678332.

7. ZhangJ,QinY, ZhouC, LuoY ,WeiH, Ge H, et al. Elevated BUN Upon Admission as a Predictor of in-
Hospital Mortality Among Patients with Acute Exacerbation of COPD: A Secondary Analysis of Multi-
center Cohort Study. Int J Chron Obstruct Pulmon Dis. 2023. 18: 1445—-1455. https://doi.org/10.2147/
COPD.S412106 PMID: 37465819.

8. YeB,DengH, ZhaoH, Liang J, Ke L, Li W. Association between an increase in blood urea nitrogen at
24 h and worse outcomes in COVID-19 pneumonia. Ren Fail. 2021. 43(1): 347-350. https://doi.org/10.
1080/0886022X.2021.1879855 PMID: 33583325.

PLOS ONE | https://doi.org/10.1371/journal.pone.0317315 January 14, 2025 10/12


https://doi.org/10.1016/j.atherosclerosis.2021.08.011
https://doi.org/10.1016/j.atherosclerosis.2021.08.011
http://www.ncbi.nlm.nih.gov/pubmed/34390959
https://doi.org/10.1253/circj.CJ-17-0485
http://www.ncbi.nlm.nih.gov/pubmed/28904257
https://doi.org/10.1016/j.amjcard.2010.04.024
http://www.ncbi.nlm.nih.gov/pubmed/20723648
https://doi.org/10.1093/eurjhf/hfr123
http://www.ncbi.nlm.nih.gov/pubmed/21926073
https://doi.org/10.1002/ejhf.3114
http://www.ncbi.nlm.nih.gov/pubmed/38124454
https://doi.org/10.3390/nu15020461
http://www.ncbi.nlm.nih.gov/pubmed/36678332
https://doi.org/10.2147/COPD.S412106
https://doi.org/10.2147/COPD.S412106
http://www.ncbi.nlm.nih.gov/pubmed/37465819
https://doi.org/10.1080/0886022X.2021.1879855
https://doi.org/10.1080/0886022X.2021.1879855
http://www.ncbi.nlm.nih.gov/pubmed/33583325
https://doi.org/10.1371/journal.pone.0317315

PLOS ONE

Association of blood urea nitrogen with 28-day mortality in critically ill patients

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Oksul M, Bilge 0, Tastan E, Isik F, inci U, Akin H, et al. Evaluation of the effect of bun/albumin ratio on
in-hospital mortality in hypertensive COVID-19 patients. Eur Rev Med Pharmacol Sci. 2023. 27(5):
2127-2131. https://doi.org/10.26355/eurrev_202303_31584 PMID: 36930512.

Wu BU, Johannes RS, Sun X, Conwell DL, Banks PA. Early changes in blood urea nitrogen predict mor-
tality in acute pancreatitis. Gastroenterology. 2009. 137(1): 129-35. https://doi.org/10.1053/j.gastro.
2009.03.056 PMID: 19344722.

Wu BU, Bakker OJ, Papachristou Gl, Besselink MG, Repas K, van Santvoort HC, et al. Blood urea nitro-
gen in the early assessment of acute pancreatitis: an international validation study. Arch Intern Med.
2011. 171(7): 669—76. hitps://doi.org/10.1001/archinternmed.2011.126 PMID: 21482842.

Wernly B, Lichtenauer M, Vellinga N, Boerma EC , Ince C, Kelm M, et al. Blood urea nitrogen (BUN)
independently predicts mortality in critically ill patients admitted to ICU: A multicenter study. Clin Hemor-
heol Microcirc. 2018. 69(1-2): 123—131. https://doi.org/10.3233/CH-189111 PMID: 29758935.

Pollard TJ, Johnson A, Raffa JD, Celi LA, Mark RG, Badawi O. The elCU Collaborative Research Data-
base, a freely available multi-center database for critical care research. Sci Data. 2018. 5: 180178.
https://doi.org/10.1038/sdata.2018.178 PMID: 30204 154.

Serpa Neto A, Deliberato RO, Johnson A, Bos LD, Amorim P, Pereira SM, et al. Mechanical power of
ventilation is associated with mortality in critically ill patients: an analysis of patients in two observational
cohorts. Intensive Care Med. 2018. 44(11): 1914-1922. https://doi.org/10.1007/s00134-018-5375-6
PMID: 30291378.

van den Boom W, Hoy M, Sankaran J, Liu M, Chahed H, Feng M, et al. The Search for Optimal Oxygen
Saturation Targets in Critically lll Patients: Observational Data From Large ICU Databases. Chest.
2020. 157(3): 566-573. https://doi.org/10.1016/j.chest.2019.09.015 PMID: 31589844.

Davidson S, Villarroel M, Harford M, Finnegan E, Jorge J, Young D, et al. Vital-sign circadian rhythms in
patients prior to discharge from an ICU: a retrospective observational analysis of routinely recorded
physiological data. Crit Care. 2020. 24(1): 181. https://doi.org/10.1186/s13054-020-02861-2 PMID:
32345354.

Cao S, Teng L, Gao M, Hu S, Xiao S, Chen C, et al. Nonlinear relationship between triglycerides and
cognitive function after acute ischemic stroke among older adults. Heliyon. 2024. 10(6): e27943.
https://doi.org/10.1016/j.heliyon.2024.e27943 PMID: 38524625.

Chang L, Chen X, Lian C. The association between the non-HDL-cholesterol to HDL-cholesterol ratio
and 28-day mortality in sepsis patients: a cohort study. Sci Rep. 2022. 12(1): 3476. https://doi.org/10.
1038/541598-022-07459-y PMID: 35241749.

GiriM, He L, Hu T, Puri A, Zheng X, Dai H, et al. Blood Urea Nitrogen Is Associated with In-Hospital
Mortality in Critically lll Patients with Acute Exacerbation of Chronic Obstructive Pulmonary Disease: A
Propensity Score Matching Analysis. J Clin Med. 2022. 11(22): 6709. https://doi.org/10.3390/
jcm11226709 PMID: 36431186.

Jenab Y, Haji-Zeinali AM, Alemzadeh-Ansari MJ, Shirani S, Salarifar M, Alidoosti M, et al. Does Baseline
BUN Have an Additive Effect on the Prediction of Mortality in Patients with Acute Pulmonary Embolism. J
Tehran Heart Cent. 2020. 15(2): 57—63. https://doi.org/10.18502/jthc.v15i2.4184 PMID: 33552195.

Liu H, Xin X, Gan J, Huang J. The long-term effects of blood urea nitrogen levels on cardiovascular dis-
ease and all-cause mortality in diabetes: a prospective cohort study. BMC Cardiovasc Disord. 2024. 24
(1): 256. https://doi.org/10.1186/s12872-024-03928-6 PMID: 38755538.

Duan S, Li Y, Yang P. Predictive value of blood urea nitrogen in heart failure: a systematic review and
meta-analysis. Front Cardiovasc Med. 2023. 10: 1189884. https://doi.org/10.3389/fcvm.2023.1189884
PMID: 37583584.

Testani JM, Cappola TP, Brensinger CM, Shannon RP, Kimmel SE. Interaction between loop diuretic-
associated mortality and blood urea nitrogen concentration in chronic heart failure. J Am Coll Cardiol.
2011. 58(4): 375-82. https://doi.org/10.1016/j.jacc.2011.01.052 PMID: 21757114.

Liu J, Sun LL, Wang J, Ji G. Blood urea nitrogen in the prediction of in-hospital mortality of patients with
acute aortic dissection. Cardiol J. 2018. 25(3): 371-376. https://doi.org/10.5603/CJ.a2017.0075 PMID:
28653311.

Arihan O, Wernly B, Lichtenauer M, Franz M, Kabisch B, Muessig J, et al. Blood Urea Nitrogen (BUN) is
independently associated with mortality in critically ill patients admitted to ICU. PLoS One. 2018. 13(1):
€0191697. https://doi.org/10.1371/journal.pone.0191697 PMID: 29370259.

Jujo K, Minami Y, Haruki S, Matsue Y, Shimazaki K, Kadowaki H, et al. Persistent high blood urea nitro-
gen level is associated with increased risk of cardiovascular events in patients with acute heart failure.
ESC Heart Fail. 2017. 4(4): 545-553. https://doi.org/10.1002/ehf2.12188 PMID: 29154415.

Rachoin JS, Daher R, Moussallem C, Milcarek B, Hunter K, Schorr C, et al. The fallacy of the BUN:cre-
atinine ratio in critically ill patients. Nephrol Dial Transplant. 2012. 27(6): 2248-54. https://doi.org/10.
1093/ndt/gfr705 PMID: 22207331.

PLOS ONE | https://doi.org/10.1371/journal.pone.0317315 January 14, 2025 11/12


https://doi.org/10.26355/eurrev%5F202303%5F31584
http://www.ncbi.nlm.nih.gov/pubmed/36930512
https://doi.org/10.1053/j.gastro.2009.03.056
https://doi.org/10.1053/j.gastro.2009.03.056
http://www.ncbi.nlm.nih.gov/pubmed/19344722
https://doi.org/10.1001/archinternmed.2011.126
http://www.ncbi.nlm.nih.gov/pubmed/21482842
https://doi.org/10.3233/CH-189111
http://www.ncbi.nlm.nih.gov/pubmed/29758935
https://doi.org/10.1038/sdata.2018.178
http://www.ncbi.nlm.nih.gov/pubmed/30204154
https://doi.org/10.1007/s00134-018-5375-6
http://www.ncbi.nlm.nih.gov/pubmed/30291378
https://doi.org/10.1016/j.chest.2019.09.015
http://www.ncbi.nlm.nih.gov/pubmed/31589844
https://doi.org/10.1186/s13054-020-02861-2
http://www.ncbi.nlm.nih.gov/pubmed/32345354
https://doi.org/10.1016/j.heliyon.2024.e27943
http://www.ncbi.nlm.nih.gov/pubmed/38524625
https://doi.org/10.1038/s41598-022-07459-y
https://doi.org/10.1038/s41598-022-07459-y
http://www.ncbi.nlm.nih.gov/pubmed/35241749
https://doi.org/10.3390/jcm11226709
https://doi.org/10.3390/jcm11226709
http://www.ncbi.nlm.nih.gov/pubmed/36431186
https://doi.org/10.18502/jthc.v15i2.4184
http://www.ncbi.nlm.nih.gov/pubmed/33552195
https://doi.org/10.1186/s12872-024-03928-6
http://www.ncbi.nlm.nih.gov/pubmed/38755538
https://doi.org/10.3389/fcvm.2023.1189884
http://www.ncbi.nlm.nih.gov/pubmed/37583584
https://doi.org/10.1016/j.jacc.2011.01.052
http://www.ncbi.nlm.nih.gov/pubmed/21757114
https://doi.org/10.5603/CJ.a2017.0075
http://www.ncbi.nlm.nih.gov/pubmed/28653311
https://doi.org/10.1371/journal.pone.0191697
http://www.ncbi.nlm.nih.gov/pubmed/29370259
https://doi.org/10.1002/ehf2.12188
http://www.ncbi.nlm.nih.gov/pubmed/29154415
https://doi.org/10.1093/ndt/gfr705
https://doi.org/10.1093/ndt/gfr705
http://www.ncbi.nlm.nih.gov/pubmed/22207331
https://doi.org/10.1371/journal.pone.0317315

PLOS ONE Association of blood urea nitrogen with 28-day mortality in critically ill patients

28. Shen S, Yan X, Xu B. The blood urea nitrogen/creatinine (BUN/cre) ratio was U-shaped associated with
all-cause mortality in general population. Ren Fail. 2022. 44(1): 184—190. https://doi.org/10.1080/
0886022X.2022.2030359 PMID: 35166184.

PLOS ONE | https://doi.org/10.1371/journal.pone.0317315 January 14, 2025 12/12


https://doi.org/10.1080/0886022X.2022.2030359
https://doi.org/10.1080/0886022X.2022.2030359
http://www.ncbi.nlm.nih.gov/pubmed/35166184
https://doi.org/10.1371/journal.pone.0317315

