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The association of blood urea nitrogen
levels upon emergency admission with
mortality in acute exacerbation of chronic
obstructive pulmonary disease
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Abstract

Background and purpose: High blood urea nitrogen (BUN) is associated with an elevated risk of mortality in various
diseases, such as heart failure and pneumonia. Heart failure and pneumonia are common comorbidities of acute exac-
erbation of chronic obstructive pulmonary disease (AECOPD). However, data on the relationship of BUN levels with
mortality in patients with AECOPD are sparse. The purpose of this study was to evaluate the correlation between BUN
level and in-hospital mortality in a cohort of patients with AECOPD who presented at the emergency department (ED).

Methods: A total of 842 patients with AECOPDwere enrolled in the retrospective observational study from January 2018
to September 2020. The outcome was all-cause in-hospital mortality. Receiver operating characteristic (ROC) curve
analysis and logistic regression models were performed to evaluate the association of BUN levels with in-hospital mortality
in patients with AECOPD. Propensity score matching was used to assemble a cohort of patients with similar baseline
characteristics, and logistic regression models were also performed in the propensity score matching cohort.

Results: During hospitalization, 26 patients (3.09%) died from all causes, 142 patients (16.86%) needed invasive ventilation, and
190 patients (22.57%) were admitted to the ICU. The mean level of blood urea nitrogen was 7.5 ± 4.5 mmol/L. Patients in the
hospital non-survivor group had higher BUN levels (13.48 ± 9.62 mmol/L vs. 7.35 ± 4.14 mmol/L, p < 0.001) than those in the
survivor group. The area under the curve (AUC) was 0.76 (95% CI 0.73–0.79, p < 0.001), and the optimal BUN level cutoff was
7.63 mmol/L for hospital mortality. As a continuous variable, BUN level was associated with hospital mortality after adjusting
respiratory rate, level of consciousness, pH, PCO2, lactic acid, albumin, glucose, CRP, hemoglobin, platelet distribution width, D-
dimer, and pro-B-type natriuretic peptide (OR 1.10, 95% CI 1.03–1.17, p=0.005). The OR of hospital mortality was significantly
higher in the BUN level ≥7.63 mmol/L group than in the BUN level <7.63 mmol/L group in adjusted model (OR 3.29, 95% CI
1.05–10.29, p=0.041). Similar results were found after multiple imputation and in the propensity score matching cohort.

Conclusions: Increased BUN level at ED admission is associated with hospital mortality in patients with AECOPD who
present at the ED. The level of 7.63 mmol/L can be used as a cutoff value for critical stratification.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a leading
cause of mortality worldwide.1 It has a chronic and pro-
gressive course that is often punctuated by “exacerbations,”
which are driven by respiratory infections, and multiple
functional impairments and comorbidities.2–4 The aims of
acute exacerbation of chronic obstructive pulmonary dis-
ease (AECOPD) treatment are to minimize the negative
impact of the current exacerbation and to prevent the de-
velopment of subsequent events.5 Patients with AECOPD
can be managed in either the inpatient or outpatient setting
depending on the severity of the exacerbation and/or the
severity of the underlying disease.3 Therefore, risk strati-
fication is crucial to provide an optimal level of care and
select appropriate medical and interventional treatments.6

High blood urea nitrogen (BUN), which indicates impaired
cardiorenal functions and unfavorable neurohormonal activa-
tion,6 is generally considered to be an ominous sign in various
diseases. For example, it is associated with poor prognosis in
patients with heart failure, aortic dissection, peripheral artery
disease, acute necrotizing pancreatitis, and hospital-acquired
pneumonia.7 Among critically ill patients, elevated BUN level
is associated with increased mortality, independent of serum
creatinine.8 The BAP659 and CURB65,10 which were origi-
nally used to predict the community-acquired pneumonia
mortality risk, also performed well in patients with AECOPD.
The BUN is one of the parameters in these two models.

Patients with AECOPD often experience hypoxia, car-
bon dioxide retention, and systemic inflammation,11 which
may affect cardiorenal functions and neurohumoural reg-
ulation. Moreover, heart failure and pneumonia are common
comorbidities of AECOPD, so high BUN levels are likely to
be associated with poor prognosis of AECOPD. However,
to date, no study has evaluated the relationship of BUN
levels upon admission for AECOPD on the outcome of
hospital survival. As it is a routine blood test, a detailed
analysis of BUN levels’ relation to mortality seems
worthwhile. Therefore, this study aimed to specifically
investigate the association between BUN level and mor-
tality in patients with AECOPD in an observational study.

Methods

Study design and participants

We conducted a retrospective, observational cohort study at
the emergency department (ED) of Jinhua Municipal
Central Hospital in Zhejiang Province, China. The clinical
data of eligible patients who underwent treatment in the ED
for AECOPD between January 2018 and September 2020
were included. Patients were initially identified on the basis
of the ICD-10 (International Statistical Classification of
Diseases and Related Health Problems) (2014) codes for

“AECOPD” (J44.1) and “respiratory failure” (J96) in the
hospital electronic database.

The inclusion criteria were as follows: patients with a
primary diagnosis of AECOPD or respiratory failure and a
secondary diagnosis of AECOPD. AECOPDwas defined as
(1) a COPD history and (2) acute-onset sustained worsening
in baseline dyspnea, cough, and/or sputum that warranted a
change in regular medication. The exclusion criteria were as
follows: (1) patients requiring immediate cardiopulmonary
resuscitation; (2) patients who had been admitted to the neu-
rology and cardiology wards for other acute diseases, including
cerebral hemorrhage, myocardial infarction, poisoning, etc.; (3)
patients who complicated with other respiratory diseases, such
as pneumothorax, pleural effusion and pulmonary embolism,
etc.; and (4) patients with gastrointestinal bleeding.

A total of 1062 patients were potentially eligible for this
analysis; among them, 842 patients remained after applying the
exclusion criteria (Figure 1). This retrospective cohort study
was approved by the Ethics Committee of Jinhua Municipal
Central Hospital (No. 2020-254). The requirement for informed
consent was waived since the data were anonymous.

Data collection and outcome assessment

Patient demographics, including age, sex, and comorbidities,
with a special emphasis on cardiopulmonary disease, hyper-
tension, diabetes, chronic renal failure, pulmonarymalignancy,
and pneumonia identified from the medical record review,
were recorded. Clinical parameters were recorded at ED ad-
mission, such as vital signs (heart rate, respiratory rate, and
systolic blood pressure) and consciousness (“alert,” “verbal,”
“pain,” and “unresponsive”). We collected initial laboratory
findings obtained within 1 h of the ED visit, including arterial
blood gases (pH, PaO2/FiO2, PaO2, and lactic acid), routine
chemical tests (BUN, albumin, and glucose), hematology tests
(hemoglobin, platelet count, and platelet distribution width),
C-reactive protein, D-dimer, andN-terminal pro-B-type natriuretic
peptide (NT-pro-BNP). Comorbidities were confirmed by patient
medical history or medication use. Pneumonia was identified by
chest CT scan. The endpoint was all-cause in-hospital mortality.
In-hospital mortality refers to death during hospitalization in this
visit or death within 24 h of hospital discharge.

At the study site, the initial vital signs (heart rate, respiratory
rate, blood pressure, and consciousness) were recorded in the
emergency triage system, which is integrated with electronic
medical records. Furthermore, patient demographics, co-
morbidities, laboratory tests, and clinical interventions could
be accessed from the electronic medical records.

Statistical analysis

The patients’ baseline characteristics were summarized using
descriptive statistics. Continuous variables are presented as
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the mean ± standard deviation or median (interquartile
range). Between-group comparisons of normally and non-
normally distributed continuous variables were performed
using Student’s t-test and the Mann–Whitney U test, re-
spectively. Categorical variables were expressed as absolute
numbers with percentages and analyzed by chi-square or
Fisher’s exact test, as appropriate.

Receiver operating characteristic (ROC) curve analysis
was performed to evaluate the association of BUN levels
with outcomes. An optimal BUN level cutoff was calculated
by means of the Youden Index. Multivariate adjusted odds
ratios (ORs) and 95% confidence intervals (CIs) for the
study outcomes and BUN (1 unit, two groups categorized
by the optimal BUN level cutoff) were calculated with
logistic regression analysis. After checked for multi-
collinearity, covariates were selected as potential con-
founders if they changed the estimates of BUN level on
outcomes by more than 10% or were significantly associ-
ated with outcomes.12,13 Supplementary Tables S1–S3
show the associations of each confounder with the out-
comes of interest and changes in the effect estimate.

We used multiple imputation, based on five replications
and a chained equation approach method in the R MI
procedure, to account for missing data on covariates. We
repeated all analyses with the complete data cohort for
sensitivity analyses. Supplementary Tables S4 and S5 give
additional details of the statistical analyses.

Given the differences in the baseline characteristics
between survivor and non-survivor groups, propensity score
matching was used to identify a cohort of patients with

similar baseline characteristics (Supplementary Tables S6
and S7). We estimated the propensity score with the use of a
non-parsimonious multivariable logistic regression model,
with non-survivor as the dependent variable and con-
founders adjusted in model 2 as covariates. A 1:1 matching
protocol was used for matching, with a caliper width equal
to 0.01 of the standard deviation of the logit of the pro-
pensity score. Logistic regression analysis also performed in
the matched cohort. Covariates were selected as potential
confounders if they met both of the two conditions: asso-
ciations with the outcomes of interest and a change in effect
estimate of more than 10%.

All statistical analyses were conducted using Em-
powerStats (www.empowerstats.com), R 3.5.1 (www.r-
project.org), and MedCalc version 15 for Windows
(MedCalc Software bvba). p-values < 0.05 were consid-
ered statistically significant.

Results

We evaluated 1062 consecutive patients admitted for AE-
COPD. BUN level results were missing in approximately 18%
(191) of patients with AECOPD, and 842 were eligible for
inclusion in the present study. The flowchart of the study
participants is shown in Figure 1. The average age of study
patients was 77.0 ± 9.8 years, and 627 (74.5%) patients
were male. The mean level of BUN was 7.5 ± 4.5 mmol/L.
The hospital mortality rate, invasive ventilation rate, and
ICU admission rate were 3.09%, 16.86%, and 22.57%,
respectively.

Figure 1. Patient cohort. The flow of patients included in the study is shown. A total of 1062 patients were initially recruited into the
study, and 842 remained when the exclusion criteria were applied.
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Baseline characteristics

The demographic characteristics, vital signs, and laboratory
findings obtained at admission of the 842 patients and
differences between outcome groups are described in Table
1. The hospital non-survivor group had a higher respiratory

rate, lactic acid, CRP, D-dimer, and NT-pro-BNP than the
hospital survivor group (p < 0.05) and lower levels of
consciousness, pH, albumin, and hemoglobin (p < 0.05).
Patients in the hospital non-survivor group had higher BUN
levels (13.48 ± 9.62 mmol/L vs. 7.35 ± 4.14 mmol/L, p <
0.001) than those in the survivor group.

Table 1. Baseline clinical and laboratory characteristics of study patients.

Variables

Hospital mortality

p-value
Standardized
difference, %Survivors, n = 816 Non-survivors, n = 26

Baseline characteristics
Age (years) 76.93 ± 9.77 77.58 ± 11.59 0.742 0.06
Male, n (%) 610 (74.75) 17 (65.38) 0.281 0.21
Admissions for AECOPD in year prior 0.153 0.09
0 474 (79.9%) 17 (89.5%)
1 86 (14.5%) 0 (0.0%)
≥2 33 (5.6%) 2 (10.5%)

Monitoring parameters at admission
Heart rate (beat/min) 105.98 ± 21.88 111.77 ± 30.57 0.191 0.22
Respiratory rate (beat/min) 22.68 ± 5.92 26.96 ± 5.74 <0.001 0.73
Systolic blood pressure (mmHg) 141.18 ± 27.62 135.42 ± 38.73 0.302 0.17
Level of consciousness using the AVPU
system, n (%)

<0.001 0.85

A 715 (87.73) 14 (53.85)
V 42 (5.15) 4 (15.38)
p 27 (3.31) 1 (3.85)
U 31 (3.80) 7 (26.92)

Laboratory findings
PaO2/FiO2 213.09 (150.07–290.80) 184.48 (159.19–245.50) 0.141 0.33
pH 7.34 ± 0.11 7.23 ± 0.15 <0.001 0.83
PCO2 (mmHg) 61.33 ± 21.06 71.30 ± 41.26 0.375 0.30
Lactic acid (mmol/L) 1.40 (1.00–2.30) 3.10 (1.25–4.80) <0.001 0.73
Albumin (g/L) 35.74 ± 5.45 32.61 ± 5.25 0.004 0.58
Blood urea nitrogen (mmol/L) 7.35 ± 4.14 13.48 ± 9.62 <0.001 0.83
Glucose (mmol/L) 8.76 ± 3.38 10.70 ± 5.56 0.213 0.42
CRP (mg/L) 23.40 (5.70–64.80) 56.70 (33.77–86.42) 0.004 0.52
Hemoglobin (g/L) 134.98 ± 23.43 116.42 ± 14.37 <0.001 0.95
Platelet count (*109/L) 195.46 ± 85.01 210.58 ± 110.00 0.377 0.15
Platelet distribution width (%) 12.34 ± 2.87 11.54 ± 2.53 0.166 0.30
D-dimer (μg/L) 878.00 (504.50–1706.25) 1431.50 (910.00–5679.25) <0.001 0.36
NT-pro-BNP (pg/ml) 1050.00 (276.50–3604.50) 3880.50 (11,84.50–186,25.00) <0.001 0.38

Comorbidities, n (%)
Heart failure, coronary heart disease 175 (21.45) 6 (23.08) 0.842 0.04
Hypertension 30 (3.68) 0 (0.00) 0.319 0.28
Diabetes 6 (0.74) 0 (0.00) 0.661 0.12
Chronic kidney failure 5 (0.61) 0 (0.00) 0.689 0.11
Pulmonary malignancy 10 (1.23) 1 (3.85) 0.247 0.17
Pneumonia 333 (40.8%) 11 (42.3%) 0.878 0.03
Intervention measures, n (%)
Non-invasive ventilation 215 (26.35) 8 (30.77) 0.615 0.10
Invasive ventilation 130 (15.9) 12 (46.2) <0.001 0.69
ICU admission 179 (21.9) 11 (42.3) 0.014 1.80
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BUN level and hospital mortality of AECOPD

To evaluate the relationship between BUN level and hos-
pital mortality, we performed ROC curve analysis of BUN
level against the outcomes (Figure 2). The AUC was 0.76
(95% CI 0.73–0.79, p < 0.001), and the optimal BUN level
cutoff was 7.63 mmol/L for hospital mortality. The sensi-
tivity and specificity was 76.92 and 66.54, respectively.

The association between BUN levels and hospital
mortality was than revealed by univariate and multivariate
logistic regression (Table 2). As a continuous variable, BUN
level was associated with hospital mortality in univariate
analysis (OR 1.14, 95% CI 1.08–1.20, p < 0.001). BUN
level also remained an independent predictor of hospital
mortality in model one which was adjusted by age and sex
(OR 1.15, 95% CI 1.09–1.21, p < 0.001) and model two
which was adjusted by respiratory rate, level of con-
sciousness, pH, PCO2, lactic acid, albumin, glucose, CRP,
hemoglobin, platelet distribution width, D-dimer, and NT-
pro-BNP (OR 1.10, 95% CI 1.03–1.17, p=0.005).

In addition, all participants were stratified into two
groups (BUN level <7.63 mmol/L, ≥ 7.63 mmol/L). The
OR of hospital mortality was significantly higher in the
BUN level ≥7.63 mmol/L group than in the BUN level
<7.63 mmol/L group in univariate, adjusted model one,
and adjusted model two logistic regression analyses (p <
0.05). The results of logistic regression analysis after multiple
imputation were consistent with those of the original data
analysis (Supplementary Tables S5). So was in the matched
cohort (Supplementary Tables S7).

Discussion

To the best of our knowledge, based on the available lit-
erature, this is the first study to explore the association of
BUN level, a widely available and rapidly measured bio-
marker, with all-cause hospital mortality in patients with
AECOPD who present to the ED. In the present study, the
serum BUN level at ED admission showed a significant
association with inpatient mortality following multivariable
adjustments, including respiratory rate, level of con-
sciousness, pH, PCO2, lactic acid, albumin, glucose,
CRP, hemoglobin, platelet distribution width, D-dimer, and

NT-pro-BNP. The optimal BUN level cutoff was
7.63 mmol/L for hospital mortality.

AECOPD is a common presentation in the ED that is
associated with a mortality rate of 1.8%–8%.14–17 A number
of studies have explored the risk factors associated with
mortality in patients with AECOPD so far, and it is known
that albumin, respiratory rate, blood gas analysis (PCO2,
hemoglobin, lactic acid, etc.), inflammation-related indi-
cators, etc. are important prognostic factors for mortality in
these patients,18–23 which is in line with our findings.

As a biomarker of heart failure, the concentrations of NT-
pro-BNP on admission of AECOPD provide independent
prognostic information about mortality.24 In our cohort,
however, there was no significant association between heart
disease and in-hospital mortality in patients with AECOPD.
This might be because that cardiovascular disease is

Figure 2. The receiver operating characteristic curve of
the hospital mortality of AECOPD against BUN level.
AUC (95%CI) p: 0.763 (0.733–0.791) <0.001; the optimal cutoff
was 7.63 mmol/L. The sensitivity and specificity was 76.92 and
66.54 respectively. BUN, blood urea nitrogen; AUC, the area
under the curve; CI, confidence intervals.

Table 2. Logistic regression of blood urea nitrogen for mortality in all study groups.

Univariate Model 1 Model 2

BUN level OR (95% CI) p OR (95% CI) p OR (95% CI) p
Hospital mortality Per 1-mmol/l increase 1.14 (1.08, 1.20) <0.001 1.15 (1.09, 1.21) <0.001 1.10 (1.03, 1.17) 0.005

<7.63 mmol/L Reference Reference Reference
≥7.63 mmol/L 6.59 (2.62, 16.61) <0.001 6.91 (2.72, 17.54) <0.001 3.29 (1.05, 10.29) 0.041

Model one adjusted for sex and age.
Model two adjusted for respiratory rate, level of consciousness, pH, PCO2, lactic acid, albumin, glucose, CRP, hemoglobin, platelet distribution width,
D-dimer, and NT-pro-BNP. BUN, blood urea nitrogen; OR, odds ratios; CI, confidence interval.
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prevalent and frequently unrecognized in patients with
COPD.24 Patients with AECOPD have local or systemic
inflammation, and inflammation can lead to increased levels
of coagulation markers.25 At the same time, venous
thromboembolism is a common problem in COPD patients
hospitalized with an exacerbation, leading to an increased
risk of death.26 Thus, an increase in D-dimer is associated
with adverse outcomes, and it is an independent risk factor
for in-hospital and 1-year death in patients with AE-
COPD.27 Our study showed that the level of D-dimer of the
hospital non-survivor group was higher than that of the
hospital survivor group.

BUN level is associated with mortality in various car-
diovascular diseases. Studies have demonstrated that in
patients with acute decompensated heart failure, BUN levels
maintained an independent and significant positive corre-
lation with all-cause mortality.28–30 A high BUN level could
be a useful predictor of in-hospital mortality in acute
myocardial infarction patients.31 In patients with pulmonary
disease, BUN level has also been shown to be associated
with poor prognosis. In a retrospective study of acute
pulmonary embolism patients treated with tissue-plasminogen
activator, in-hospital mortality rates were significantly
higher in the elevated BUN level group than in the lower
BUN level group.32 In both patients with aspiration pneu-
monia and community-acquired pneumonia, significant
differences were observed in BUN levels between the
survivor and non-survivor groups.33,34 BUN level was also
identified as a primary risk factor for COVID-19mortality.35,36

BUN level has also been shown to be associated with adverse
outcomes in older emergency patients and critically ill
patients.37,38 The risk prediction models BAP65 and
CURB65, which include BUN levels, have recently been
shown to have a good predictive effect on AECOPD
mortality.10,11 All these findings of above study, combined
with clinical practice, have led to the hypothesis that BUN
levels may be associated with in-hospital mortality in
AECOPD.

However, the relationship of BUN levels and in-hospital
mortality in patients with AECOPD is unclear since no
relevant study has focused on the association between them.
The present study investigated the relationship between
BUN level and hospital mortality in patients with AECOPD
who presented to the ED. We found that BUN level was
significantly associated with mortality in AECOPD. These
associations were independent of potential lung function,
nutritional status, and inflammation confounders.

In addition, to reduce bias and the likelihood of over-
estimating the association, we adjusted for a wide range of
potential confounding factors.13 Meanwhile, we performed
sensitivity analysis for the missing data with multiple in-
terpolations, and the results are similar to the original data
analysis. This means that the potential effects of selection
bias in our study were likely limited.13 The correlation

between BUN and in-hospital mortality in AECOPD was
further confirmed by the analysis in the matched cohort. An
admission BUN of 7.63 mmol/L was identified through an
ROC analysis as an optimal cutoff value to predict the in-
hospital mortality. The results from this study are helpful for
ED staff. They can select appropriate medical and inter-
ventional treatments according to BUN level upon emer-
gency admission.

The precise mechanisms underlying the association
between elevated BUN levels and AECOPD mortality re-
main unclear. Potential explanations for this might be as
follows: BUN level is considered to be a marker of neu-
rohumoural activity, cardiorenal functions, and catabolic
conditions.38,39 Although frequently unrecognized, car-
diovascular disease is prevalent in patients with COPD,24

which can activate the SNS and RAS and then decrease
eGFR and increase tubular urea reabsorption.40 Respiratory
infections are the main reason for “exacerbations” in pa-
tients with COPD. Patients with pneumonia often have
hydration status resulting in increasing reabsorption of urea
by the kidneys, and elevation of BUN levels is frequently
observed.41 “Exacerbations” and the use of glucocorticoids
enhance catabolism,42 which increases the source of
BUN.43 However, the impact of these mechanisms should
be evaluated with further studies.

Limitations

This study has potential limitations. First, this was a single-
center study. Thus, although great attention was given to
including all consecutive patients with AECOPD to avoid
selection bias, selection bias was still possible. Another
limitation of the study originates from the retrospective
design. We were not able to obtain all baseline character-
istics and follow-up parameters. We were unable to evaluate
how the excluded patients affected the study results. Fur-
thermore, given the limitations in the ED, we did not collect
other factors associated with AECOPD mortality, including
history of smoking or long-term oxygen treatment, lung
function (such as FEV1), and BMI. We also did not collect
data on the use of diuretics, which may affect BUN level.
Therefore, we could not determine the correlation between
these factors and death. However, we collected other rel-
evant data that can partially substitute for these parameters,
such as blood gas analysis, which can reflect a patient’s lung
function, and albumin, which reflects a patient’s nutritional
status. They were adjusted as covariates in logistic re-
gression analysis, and BUN level was still significantly
related to adverse outcomes in patients with AECOPD.
Moreover, BUN level was measured only at admission, as
studies have reported that there is a strong association
between the extent of BUN level rise during the first 24 h
and mortality.16 The intervention during the time patients
were hospitalized was also not considered, which was

6 Chronic Respiratory Disease



associated with patient outcomes. Finally, the results of this
study cannot represent all patients with AECOPD because it
only targeted patients who presented in the ED. The cutoff
of this study needs to be validated in an independent sample.

Conclusions

BUN level at admission was associated with increased all-
cause in-hospital mortality in patients with AECOPD who
presented at the ED. Therefore, as an inexpensive and easy-
to-perform parameter, an elevated admission of BUN level
should be a risk signal to alert physicians to perform early
intervention efforts.
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