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Abstract
Objectives: Acute ischemic stroke (AIS) is one of the most important and major causes
of mortality worldwide. In AIS patients, the blood urea nitrogen to creatinine ratio (B/C
ratio) was investigated as a dehydrated biomarker in previous studies. However, the
B/C ratio can be affected by medications and past medical history. We hypothesized
addition of serum albumin, which has been shown to have beneficial neuroprotective
effects, could compensate for the disadvantages. In the present study, the BUN to serum
albumin ratio (B/A ratio) was evaluated association with AIS patient’s prognosis.
Methods: This retrospective cohort study of AIS in our hospital was conducted from
February 2018 through June 2020. First, demographic and clinical data were collected
and compared with the prevalence of mortality and ICU admission. Then, the B/C ratio
and the B/A ratio were calculated. Differences in the performance between the B/C ratio
and the B/A ratio for outcome prediction were evaluated based on the area under the
curve of the receiver operating characteristic (AUROC).
Results: Among the 1,164 patients enrolled in this study, 77 (6.6%) died during
hospitalization and 467 (40.1%) were admitted to ICU. Multivariate logistic regression
had shown that the B/A ratio was a significant predictor of mortality and admission to
ICU. In addition, the B/A ratio was significantly higher in ICU-admitted patients and
non-survivors. The AUROC of the B/A ratio was 0.687 and the B/C ratio was 0.533
for predicting mortality; the B/A ratio was statistically superior to the B/C ratio. For
predicting ICU admission, the AUROC values of the B/A ratio and the B/C ratio were
0.567 and 0.556, respectively, and a statistically significant difference was not observed.
Conclusion: The B/A ratio is a simple and useful tool for predicting the outcomes of
ischemic stroke patients.
Keywords
Stroke; Blood urea nitrogen; Albumin; Mortality; Intensive care unit; Emergency
department

1. Introduction
Acute ischemic stroke (AIS) is one of the most common
cause of mortality and long-term disability worldwide [1].
Although advanced therapies have improved in recent years
and reperfusion therapies, such as intravenous thrombolysis
and endovascular thrombectomy [2], in particular, were developed in the past years, the mortality and the socioeconomic burden of stroke remains significantly high [3]. In
stroke patients, 20%-40% will experience early neurological
deterioration after hospital admission and have poor outcomes
[4, 5]. In addition, complications of endovascular therapy may
occur during or after the procedure and can lead to long-term
disability and even fatality [6]. Therefore, quickly predicting
the prognosis and applying appropriate treatment is important.
Many scoring tools have been developed to predict the

severity and outcome in AIS patients. The most widely used
stroke scale is the National Institutes of Health Stroke Scale
(NIHSS), which has been validated for accuracy in predicting
severity and prognosis [7, 8]. However, due to many variables
and the resulting relative complexity, the NIHSS can be difficult to use for non-stroke health care physicians. In addition,
the NIHSS may also involve the subjective judgement of
physicians. Conversely, the use of laboratory results may be
required for emergency physicians to make more objective and
simpler predictions regarding severity and prognosis.
In previous studies, dehydration reportedly affected the
prognosis of stroke [9, 10]. The blood urea nitrogen to
creatinine ratio (B/C ratio) in AIS had been investigated
in several studies as a biomarker of dehydration status.
However, the B/C ratio has disadvantages and can be affected
by medications, including diuretics, and past medical history,
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such as renal disease [9]. Therefore, we hypothesized addition
of another variable can compensate for the disadvantages.
Serum albumin has been shown to exert a beneficial neural
protection effect as a unique multi-functional protein [11, 12].
Consequently, lower serum albumin has been shown to be
associated with worse prognosis for AIS patients in several
studies [13, 14].
Although the prognosis of pneumonia was suggested to be
associated with the BUN to serum albumin ratio (B/A ratio)
[15, 16] in several studies, the B/A ratio in patients with
AIS has not been investigated. In this study, the association
between the B/A ratio and outcomes in AIS patients was
evaluated.

2. Methods

TA B L E 1. Baseline characteristics of patients
(Total n = 1,164)
Variable
Value*
Sex
Male

606 (52.1)

Female

558 (47.9)

Systolic Blood Pressure (mmHg)

144.0 ± 35.7

Diastolic Blood Pressure (mmHg)

78.4 ± 22.3

Pulse rate (beats/min)

85.3 ± 21.9

Respiratory rate (breath/min)

19.9 ± 3.6

◦

Body temperature ( C)
Alert

829 (71.2)

Verbal response

120 (10.3)

Painful response

202 (17.4)

Unresponsive
White blood cell (109 /L)

9.3 ± 4.7

Hemoglobin (g/dL)

13.0 ± 2.3

Hematocrit (%)

37.2 ± 6.4

9

Platelet(10 /L)

In the present study, ED patients who visited a tertiary-care
academic hospital between February, 2018 and June, 2020,
were investigated. The hospital is located in the metropolitan
area of South Korea. The number of patients visiting the ED
of this hospital ranges from 60,000-70,000 annually. Only
the patients who were diagnosed with ischemic stroke in the
ED were included in the present study. Ischemic stroke was
diagnosed and confirmed by a neurologist and emergency
physicians based on neurologic examination and radiologic
confirmation. Patients younger than 18 years of age and
patients who visited the ED for non-medical problems were
excluded. In addition, patients with incomplete EMR data, due
to discharged against medical advice, transferred to another
facility, or did not perform any laboratory tests in the ED, were
excluded (Fig. 1).

Stroke was diagnosed using computed tomography and magnetic resonance imaging in the ED. In addition, the final diagnosis was reviewed by board-certified emergency physicians
or neurologist following hospital regulations. The data were
obtained from the eligible patient’s EMRs. Obtained data
were patient demographics including sex and age; initial vital
signs including mental status, blood pressure (systolic and
diastolic blood pressure), pulse rate (PR), respiratory rate (RR),
and body temperature; laboratory results including BUN and
albumin (others are presented in Table 1), and clinical details
including discharge, general ward (GW) or intensive care unit
(ICU) admission, hospital length, and mortality.
The B/A ratio was defined as the BUN value divided by
the albumin value. The B/C ratio was defined as the BUN

13 (1.1)

Laboratory test

2.2 Setting and population

2.3 Data collection and outcome
measurement

36.2 ± 4.2

Mental status

2.1 Study design
This was a single-center, retrospective study in which the
electronic medical records (EMRs) of patients diagnosed with
stroke in the emergency department (ED) were used. This
study was approved by the institutional review board of our
hospital (IRB No: 2020-10-022), and the requirement for
written informed consent was waived.

67.7 ± 14.7

Age (years)

C-reactive protein (mg/dL)
Blood urea nitrogen (mg/dL)

229.3 ± 83.9
2.8 ± 6.2
22.4 ± 20.0

Creatinine (mg/dL)

1.2 ± 1.2

Albumin (g/dL)

3.8 ± 0.6

Aspartate aminotransferase (IU/L)

45.9 ± 173.4

Alanine aminotransferase (IU/L)

32.3 ± 113.3

Glucose (mg/dL)

167.3 ± 101.4

Sodium (mmol/L)

137.1 ± 5.9

Potassium (mmol/L)

4.0 ± 0.7

Troponin-T (ng/mL)

0.05 ± 0.23

PT (INR)

1.1 ± 0.4

PTT (sec)

25.9 ± 6.0

Hospital day (days)
ICU admission

18.2 ± 24.5
467 (40.1)

In-hospital mortality

77 (6.6)

BUN/Albumin ratio

6.6 ± 7.7

BUN/Creatinine ratio

19.6 ± 9.3

∗

The values are given as mean ± standard deviation or
number (%).
White blood cell (WBC), C-reactive protein (CRP),
Blood urea nitrogen (BUN), Creatinine (Cr), Aspartate aminotransferase (AST), Alanine aminotransferase
(ALT).
value divided by the creatinine value. The ICU admission
group was defined as patients admitted to the ICU and the non-
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F I G U R E 1. Flow chart of patients enrolled in the study.

ICU admission group was defined as those patients discharged
or admitted to the GW. The mortality group was defined as
patients who died in the hospital and the non-mortality group
as the discharged patients who survived.
The primary outcome was to predict in-hospital mortality.
The secondary outcome was to predict need for ICU in preparation for GW admission or discharge.

2.4 Statistical analysis
Continuous variables are presented as the mean with standard
deviation (SD), and categorical variables as count (percentage). Baseline characteristics were analyzed using the student
t-test for continuous variables and Pearson’s chi-square test for
categorical variables. Multivariate logistic regression analysis
was used to assess the association between each factor and
mortality or need for ICU admission. Differences in the
performance between the B/C ratio and the B/A ratio for predicting outcome were evaluated with the area under the curve
of receiver operating characteristic (AUROC). An AUROC
range in 0.8-0.9 is considered good, range in 0.7-0.8 adequate,
and range in 0.6-0.7 poor [17]. The optimal cut-off values
of each ratio were presented by the Youden Index of ROC
curves. The sensitivity and specificity were described by the
proposed optimal cut-off value [18]. Data were statistically
analyzed using SPSS 26.0 (SPSS Inc., Chicago, IL, USA).
MedCalc Statistical Software version 19 (MedCalc Software
bvba, Ostend, Belgium) with Delong method was used to
determine the AUROC curve. The P-value < 0.05 was considered statistically significant.

3. Results
3.1 Characteristics of the population
This study included 1,164 patients. The baseline characteristics, and clinical details of patients are summarized in Table 1.
The mean age ± SD of the patients was 67.7 ± 14.7 years
and 606 patients (52.1%) were male. The number of patients
with altered mental status was 335 (28.8%). There were 467
patients (40.1%) admitted to the ICU and 77 patients (6.6%)
died in the hospital during clinical process.

3.2 Comparison of clinical factors for
in-hospital mortality
The results for vital signs showed significantly lower blood
pressure and body temperature in the mortality group compared with the non-mortality group. The percentage of patients
with an altered mental status was significantly greater in the
mortality group than in the non-mortality group. In laboratory
tests, the mortality group had significantly higher WBC, AST,
ALT, CRP, glucose, PT (INR), and PTT levels. The mortality
group had significantly lower hemoglobin levels than the nonmortality group. The B/A ratio was significantly higher in the
mortality group than in the non-mortality group. In addition,
the B/C ratio was higher in the mortality group but without
statistical significance. The multivariate logistic regression
analysis showed an altered mental status, PT (INR), and B/A
ratio were significant independent factors for predicting mortality (Table 2).
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TA B L E 2. Logistic regression analysis of mortality predictors
Univariate analysisa
Multivariate analysisb
Variable

Non-mortality group Mortality group
n = 1087

n = 77

P-value

67.5 ± 14.7

70.4 ± 15.2

0.093

564 (51.9)

42 (54.5)

0.652

Systolic Blood Pressure (mmHg)

145.2 ± 33.6

126.3 ± 54.9

0.004

Diastolic Blood Pressure (mmHg)

79.3 ± 21.4

66.0 ± 30.6

Pulse rate (beats/min)

85.1 ± .20.8

87.8 ± 34.0

0.492

Age (years)
Sex; Male

OR

B

P-value

1.008 (0.997, 1.020) 0.008

0.309

< 0.001 0.984 (0.965, 1.003) -0.016

0.074

Respiratory rate (breath/min)

19.9 ± 3.1

19.6 ± 7.3

0.730

Body temperature (◦ C)

36.4 ± 3.5

34.1 ± 9.4

0.038

Altered mental status

279 (25.7)

56 (72.7)

White blood cell (109 /L)

9.2 ± 4.5

11.9 ± 6.5

0.001

1.002 (0.945, 1.062) 0.002

0.949

Hemoglobin (g/dL)

13.0 ± 2.3

12.2 ± 2.8

0.013

1.008 (0.898, 1.131) 0.008

0.892

Hematocrit (%)

37.3 ± 6.2

35.5 ± 7.9

0.058

230.6 ± 80.3

211.5 ± 123.9

0.190

2.5 ± 5.8

6.7 ± 9.3

0.001

1.029 (0.989, 1.069) 0.028

0.155

0.970 (0.928, 1.014) -0.030

0.180

< 0.001 5.482 (2.926, 10.27) 1.701 < 0.001

Laboratory test

9

Platelet(10 /L)
C-reactive protein (mg/dL)
Aspartate aminotransferase (IU/L)

41.9 ± 173.4

102.5 ± 163.3

0.002

1.000 (0.999, 1.001) 0.000

0.595

Alanine aminotransferase (IU/L)

30.6 ± 113.6

56.4 ± 107.0

0.045

0.999 (0.993, 1.005) -0.001

0.782

Glucose (mg/dL)

164.6 ± 96.9

205.1 ± 147.5

0.020

1.000 (0.998, 1.002) 0.000

0.886

Sodium (mmol/L)

137.0 ± 5.5

138.4 ± 10.2

0.222

Potassium (mmol/L)

4.0 ± 0.6

4.1 ± 1.0

0.129

Troponin-T (ng/mL)

0.04 ± 0.21

0.13 ± 0.38

0.050

PT (INR)

1.1 ± 0.3

1.3 ± 0.7

0.004

1.731 (1.071, 2.798) 0.549

0.025

PTT (sec)

25.7 ± 5.5

28.7 ± 10.1

0.011

10.8 ± 15.5

29.3 ± 30.6

0.218
< 0.001
< 0.001 1.032 (1.009, 1.055) 0.031

0.006

Hospital day (days)
ICU admission

407 (37.4)

60 (77.9)

BUN/Albumin ratio

6.2 ± 6.7

12.4 ± 14.6

BUN/Creatinine ratio

19.5 ± 8.9

22.2 ± 13.5

0.084

The values are given as mean ± standard deviation or number (%).
Data in parentheses are 95% confidence intervals, conducted on variables with a P value of < 0.05 on univariate analysis.
OR odds ratio, B regression coefficient.
Boldface typed means statistical significance (P < 0.05).

a
b

3.3 Comparison of clinical factors for ICU
admission

significant independent factors for predicting ICU admission
(Table 3).

The ICU admission group was statistically significantly
younger than the non-ICU admission group. The ICU
admission group had a statistically significant lower body
temperature compared with the non-ICU admission group.
The ICU admission group had a statistically significant greater
percentage of patients with altered mental status than the
non-ICU admission group. The ICU admission group had
significantly higher WBC, AST, ALT, CRP, and glucose
than the non-ICU admission group. The B/A ratio and the
B/C ratio were statistically significantly higher in the ICU
admission group than in the non-ICU admission group. The
multivariate logistic regression analysis showed age, altered
mental status, WBC, potassium, and the B/A ratio were

3.4 Predictive performance of the B/A ratio
compared with the B/C ratio
The AUROC for predicting in-hospital mortality is shown in
Fig. 2. The AUROC was 0.687 (95% confidence interval,
CI, 0.659-0.713) for the B/A ratio and 0.533 (95% CI, 0.5040.562) for the B/C ratio. Statistically significant difference
was observed between the two ratios (0.154; 95% CI, 0.09540.212; P < 0.001). The cut-off value of the B/A ratio for
predicting mortality was 5.25 (sensitivity: 64.9%, specificity:
67.8%). The cut-off value of the B/C ratio for predicting
mortality was 26.2 (sensitivity: 29.9%, specificity: 84.8%).
The AUROC for predicting the need for ICU admission is
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TA B L E 3. Logistic regression analysis of ICU admission predictors
Univariate analysisa
Multivariate analysisb
Non-ICU
ICU
admission group admission group
n = 697
n = 467
P-value
OR
B
P-value

Variable

68.9 ± 14.6

65.9 ± 14.7

0.001

371 (53.2)

235 (50.3)

0.331

Systolic Blood Pressure (mmHg)

144.5 ± 30.5

143.2 ± 42.2

0.547

Diastolic Blood Pressure (mmHg)

78.3 ± 19.5

78.5 ± 26.0

0.923

Pulse rate (beats/min)

84.4 ± 18.8

86.7 ± 25.8

0.094

Respiratory rate (breath/min)

19.7 ± 2.1

20.0 ± 5.0

0.225

36.5 ± 2.6

35.8 ± 5.8

0.008

99 (14.2)

236 (50.5)

< 0.001 5.004 (3.411, 7.340)

White blood cell (109 /L)

8.2 ± 4.0

11.0 ± 5.1

< 0.001 1.088 (1.045, 1.132) 0.084 < 0.001

Hemoglobin (g/dL)

13.0 ± 2.2

13.0 ± 2.5

0.962

Hematocrit (%)

37.2 ± 6.1

37.2 ± 6.8

0.913

228.3 ± 80.1

230.8 ± 89.5

0.622

2.2 ± 5.3

3.8 ± 7.4

Aspartate aminotransferase (IU/L)

35.2 ± 50.6

61.9 ± 265.9

Alanine aminotransferase (IU/L)

25.0 ± 24.9

43.4 ± 175.9

Glucose (mg/dL)

152.5 ± 81.6

189.3 ± 122.1

Sodium (mmol/L)

Age (years)
Sex; Male

◦

Body temperature ( C)
Altered mental status

0.976 (0.964, 0.988) -0.025 < 0.001

0.971 (0.925, 1.018)

-0.03

0.226

1.61

< 0.001

Laboratory test

9

Platelet (10 /L)
C-reactive protein (mg/dL)

< 0.001 1.001 (0.970, 1.034) 0.001

0.933

0.032

1.001 (0.997, 1.005) 0.001

0.545

0.026

0.999 (0.993, 1.006) -0.001

0.821

< 0.001 1.001 (1.000, 1.003) 0.001

0.067

137.0 ± 5.5

137.3 ± 6.6

0.382

Potassium (mmol/L)

4.0 ± 0.6

3.9 ± 0.8

0.034

Troponin-T (ng/mL)

0.04 ± 0.26

0.06 ± 0.17

0.312

PT (INR)

1.1 ± 0.3

1.1 ± 0.5

0.008

PTT (sec)

25.9 ± 5.7

25.8 ± 6.3

0.619

10.8 ± 15.5

29.3 ± 30.6

< 0.001

In-Hospital Mortality

17 (2.4)

BUN/Albumin ratio
BUN/Creatinine ratio

Hospital day (days)

0.679 (0.525, 0.877) -0.388

0.003

1.011 (0.631, 1.621)

0.011

0.964

60 (12.8)

< 0.001

5.6 ± 5.7

8.1 ± 9.7

< 0.001 1.029 (1.000, 1.060) 0.029

0.004

18.8 ± 8.1

20.8 ± 10.7

0.001

1.011 (0.993, 1.030)

0.011

0.256

The values are given as mean ± standard deviation or number (%).
Data in parentheses are 95% confidence intervals, conducted on variables with a P value of < 0.05 on univariate analysis.
OR odds ratio, B regression coefficient.
Boldface typed means statistical significance (P < 0.05).
a

b

shown in Fig. 3. The AUROC for the B/A ratio was 0.567
(95% CI, 0.537-0.595) and for the B/C ratio 0.556 (95% CI,
0.527-0.585). The B/A ratio was superior to the B/C ratio but
without statistically significant difference (0.0105; 95% CI,
0.0222-0.0432; P = 0.530). The cut-off value for the B/A ratio
was 6.7 (sensitivity: 29.4%, specificity: 82.9%) and for the
B/C ratio 17.9 (sensitivity: 55.2%, specificity: 54.4%), which
shows higher specificity although lower sensitivity.

4. Discussion
In the present study, we demonstrated that the B/A ratio an
independent prognostic factor for mortality and need for ICU
admission. In addition, in multivariate logistic regression
analysis, factors affecting both mortality and ICU admission

among the various predictors included altered mental status
and the B/A ratio but not B/C ratio.
The B/A ratio was shown an independent factor for predicting mortality due to pneumonia. Recently, some studies
have demonstrated the B/A ratio is a useful tool for predicting
mortality for other diseases [19, 20]. However, in some
studies, high BUN and low albumin levels were shown to affect
poor outcomes in ischemic stroke patients. In previous studies,
chronic kidney disease (CKD) was suggested a risk factor
for cardiovascular disease and associated with poor outcome
in AIS patients [21, 22]. However, the prognostic role of
CKD for the outcome in AIS patients differed depending on
the renal function biomarker used, such as eGFR, creatinine,
B/C ratio, and proteinuria [22, 23]. Shoujiang You et al.
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F I G U R E 2. The Area under the curve of the receiver
operating characteristic (AUROC) curve for predicting inhospital mortality using the B/A and B/C ratios. The two
predicting tools were significantly different when compared
(0.154; 95% CI, 0.0954-0.212; P < 0.001).

reflect hydration status. Appropriate hydration status leads
to adequate blood flow, ensuring oxygen supply to organs.
Blood flow to organs was shown significantly reduced in the
dehydration state [25]. In addition, cardiac output decreases in
the dehydration state, thus, higher BUN reflects hemodynamic
instability and decreases blood flow to the brain [26].
In addition, serum albumin has often been identified as a
hydration or nutrition marker. Furthermore, in studies on
animal models, serum albumin had a neuro-protective effect
in AIS [27, 28]. In several studies, serum albumin was proven
a useful predictor of outcome in AIS patients [13, 14]. Several
hypotheses have explained the relationship between serum
albumin and stroke prognosis. First, after ischemic injury,
albumin may penetrate through the blood-brain barrier (BBB)
into the brain tissue. Then, albumin is taken up by normal
morphologic cortical neurons [29], possibly explaining the
neuroprotective effect exerted by serum albumin. Second,
serum albumin plays a role in the transport of hormones, drugs,
amino acids, and free fatty acids in the blood. Serum albumin
can modulate the colloid osmotic pressure in blood and lead
to improved blood perfusion of the brain [30]. Third, serum
albumin may be important for inhibiting platelet aggregation.
In several studies, hypoalbuminemia was shown associated
with high vascular thrombotic risk [31, 32].
Degradation of renal function is common in AIS patients
and affects outcomes due to pathological interactions between
the kidney and brain [33, 34]. Hypoalbuminemia is common
among CKD patients and is associated with mortality in CKD
patients [35]. The mechanism underlying is unclear. It was
thought that chronic inflammation in patients with CKD has
resulted in a decrease in albumin synthesis or an increase in
decomposition [36]. Thus, the increase in the B/A ratio due to
the increase in serum BUN level and the decrease in serum
albumin level not only reflects dehydration status, but also
indicates a degradation of renal function and it can predict poor
outcomes for AIS patients.

5. Limitations

F I G U R E 3. The Area under the curve of the receiver
operating characteristic (AUROC) for predicting ICU
admission using the B/A and B/C ratios. The two predicting
tools were not significantly different when compared (0.0105;
95% CI, 0.0222-0.0432; P = 0.530).

The present study had several limitations. First, the study was
conducted at a single center, thus, selection bias may have
existed due to the small sample size. Caution should be used
in generalizing the study results to stroke patients. Further
multicentered, prospectively designed studies may be needed.
Second, only patients diagnosed with stroke and confirmed
based on brain imaging were included in the study group; however, a potential selection bias for patient inclusion may have
existed. Third, the mortality sample size was relatively smaller
than the number of survivors, which may be insufficient to
identify all predictors.

6. Conclusions
demonstrated that BUN was significantly associated with poor
outcomes in AIS patients, and the prognostic role of BUN was
superior to other indicators such as eGFR, Cr, or B/C ratio [24].
The precise mechanism regarding the relationship between
high BUN and poor outcomes in AIS patients is unclear,
however, several hypotheses have been proposed. BUN may

The B/A ratio has good predictive performance for the prognosis of AIS patients. Monitoring serum albumin and BUN levels
and calculating the B/A ratio may be helpful for identifying
stroke patients at high risk of mortality and ICU admission.
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