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Purpose: We sought to explore the prognostic value of blood urea nitrogen (BUN) to serum 
albumin ratio (BAR) and further develop a prediction model for critical illness in COVID-19 
patients.
Patients and Methods: This was a retrospective, multicenter, observational study on adult 
hospitalized COVID-19 patients from three provinces in China between January 14 and 
March 9, 2020. Primary outcome was critical illness, including admission to the intensive 
care unit (ICU), need for invasive mechanical ventilation (IMV), or death. Clinical data were 
collected within 24 hours after admission to hospitals. The predictive performance of BAR 
was tested by multivariate logistic regression analysis and receiver operating characteristic 
(ROC) curve and then a nomogram was developed.
Results: A total of 1370 patients with COVID-19 were included and 113 (8.2%) patients 
eventually developed critical illness in the study. Baseline age (OR: 1.031, 95% CI: 1.014, 
1.049), respiratory rate (OR: 1.063, 95% CI: 1.009, 1.120), unconsciousness (OR: 40.078, 
95% CI: 5.992, 268.061), lymphocyte counts (OR: 0.352, 95% CI: 0.204, 0.607), total 
bilirubin (OR: 1.030, 95% CI: 1.001, 1.060) and BAR (OR: 1.319, 95% CI: 1.183, 1.471) 
were independent risk factors for critical illness. The predictive AUC of BAR was 0.821 
(95% CI: 0.784, 0.858; P<0.01) and the optimal cut-off value of BAR was 3.7887 mg/g 
(sensitivity: 0.690, specificity: 0.786; positive predictive value: 0.225, negative predictive 
value: 0.966; positive likelihood ratio: 3.226, negative likelihood ratio: 0.394). The C index 
of nomogram including above six predictors was 0.9031125 (95% CI: 0.8720542, 
0.9341708).
Conclusion: Elevated BAR at admission is an independent risk factor for critical illness of 
COVID-19. The novel predictive nomogram including BAR has superior predictive 
performance.
Keywords: blood urea nitrogen, albumin, predictive performance, critical illness, COVID-19

Introduction
The highly contagious coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, has swept the 
world at an unprecedented rate since December 2019.1 The World Health 
Organization (WHO) officially classified the COVID-19 outbreak to be 
a pandemic in March 2020.2 At the time of this writing, there were more than 
120 million known cases and 2 million deaths worldwide.3 COVID-19 is associated 
with a variable prognosis. Considering rapidly escalating number of cases, early 
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risk stratification, prediction and evaluation of critical ill-
ness of COVID-19 is crucial and essential for improve-
ment of the prognosis. The applicability of some widely 
used severity score for pneumonia, such as CURB-65, has 
been shown to be slightly scarce.4 Hence, the need for 
novel reliable and convenient prognostic biomarkers or 
predictors of COVID-19 has been highlighted, especially 
under the circumstances of limited medical resources.

Recently, the simple and accurate blood urea nitrogen 
(BUN) to serum albumin ratio (BAR), which results from 
the quotient between BUN and albumin, was introduced. 
Previous studies have demonstrated its utility as an inde-
pendent prognostic indicator or significant predictor for 
mortality or intensive care in various diseases, including 
community-acquired pneumonia, Escherichia coli bactere-
mia, gastrointestinal bleeding, etc.5–7 Related studies have 
also demonstrated that deceased or critical ill COVID-19 
patients often had higher BUN but lower albumin com-
pared with mild patients.8,9 Moreover, it has also been 
reported that BAR is a more reliable predictor than BUN 
and albumin levels for predicting mortality in COVID-19 
patients in the emergency department recently.10 However, 
above studies still suffer from some limitations, such as 
single-center design, medium sample size, potential unad-
justed confounding factors, etc.

There is still a knowledge gap in the available literature 
concerning the associations between BAR and distinct 
clinical outcomes, such as development of critical illness, 
in COVID-19 patients. More validations of previous con-
clusions about BAR, including optimal cut-off values and 
adjusted odds ratio (OR), in different regions are also 
warranted before it is widely used in clinical practice. In 
the present study, we sought to explore the prognostic 
value of the BAR, and further develop a prediction 
model based on BAR for critical illness in COVID-19 
patients.

Patients and Methods
Study Design and Participants
This was a retrospective, multicenter, observational study 
on adult hospitalized COVID-19 patients from three 
COVID-19 designated hospitals in Wuhan city, Hubei 
province (Wuhan Red Cross hospital, People’s Hospital 
of Wuhan University, Tongji Hospital of Huazhong 
University of Science and Technology), thirty-six 
COVID-19 designated hospitals in Sichuan province and 
fifteen COVID-19 designated hospitals in Guizhou 

province, China between January 14 and March 9, 2020. 
It was performed according to the amended Declaration of 
Helsinki and approved by the West China Hospital of 
Sichuan University Biomedical Research Ethics 
Committee (No.2020–272). Written informed consent 
was waived owing to retrospective observational nature. 
All patient data was maintained with confidentiality.

All patients enrolled in this study were laboratory- 
confirmed COVID-19 according to WHO interim gui-
dance, which was defined as positive result of the nucleic 
acid of SARS-CoV-2 by real-time reverse-transcription 
polymerase chain reaction (RT-PCR) of nasopharyngeal 
swab or oropharyngeal swab samples.11 The exclusion 
criteria were as follows: (1) under 18 years; (2) being 
pregnant; (3) died or discharged or had incomplete base-
line clinical data within 24 hours after admission; (4) 
advanced liver disease; (5) advanced kidney disease: end 
stage renal failure or hemodialysis. (6) had malignancy; 
(7) chronic hematological diseases; (8) chronic immuno-
suppression: human immunodeficiency virus infection, 
chemotherapy, or other immunosuppressive therapy.

Study Outcomes and Data Collection
Primary outcome of interest was critical illness, which was 
defined as the composite endpoint of admission to the inten-
sive care unit (ICU), need for invasive mechanical ventila-
tion (IMV), or death. They have all been proved to be 
serious outcomes of COVID-19 and this composite measure 
has been used in previous similar studies of COVID-19.12,13

Clinical data elements collected included demographic 
characteristics, basic vital signs, symptoms and signs, 
comorbidities, chest computed tomography (CT) scan 
images and laboratory examinations at admission or within 
24 hours after admission to hospitals. Specifically, the 
BUN count was divided by albumin count to obtain the 
BAR. Two experienced doctors reviewed the medical 
records and completed the data collection independently. 
Any disagreement was resolved by third doctor and team 
discussion until consensus reached.

Statistical Analysis
Data were analyzed by using IBM SPSS Statistics version 
23.0 and R software 4.0.2. The data were tested by the 
Kolmogorov–Smirnov normality test and Bartlett’s test for 
homogeneity of variance. The non-normally distributed 
continuous variables were described as median with inter-
quartile range (IQR) while the normally distributed con-
tinuous variables were expressed as mean ± standard 
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deviation values, and categorical variables were shown as 
frequencies and percentages. Differences in continuous 
variables between groups were compared using Mann– 
Whitney U-test, while the Fisher’s exact test and chi- 
square analysis were used to examine differences in cate-
gorical values.

The patients were divided into two groups according to 
the presence or absence of critical illness. Variables with 
P < 0.10 were included in univariate and multivariate 
logistic regression analysis to identify independent risk 
factors of critical illness. Only variables considered to be 
related to poor clinical outcomes in previous reports or in 
clinical practice, and to be independent with other vari-
ables were included into multivariate logistic regression 
analysis to avoid overfitting. The results were reported as 
OR and 95% confidence interval (95% CI). Receiver oper-
ating characteristic (ROC) curve analysis evaluated pre-
dictive capacities of BUN, albumin and BAR on critical 
illness. Meanwhile, as the most common used severity 
score for pneumonia, the CURB-65 comprising 5 vari-
ables, attributing 1 point for each item: new onset confu-
sion, urea >7 mmol/L, respiratory rate ≥30/minute, systolic 
blood pressure <90 mmHg and/or diastolic blood pressure 
≤60 mmHg and age ≥65 years, has been also calculated. 
Then, ROC curve of CURB-65 score was also performed 
to compare their predictive powers.4 These results were 
reported as area under the curve (AUC) and 95% CI. The 
cut-off value of BAR was established by maximizing the 
Youden index.14 Then, all patients were divided into 
higher BAR group and lower BAR group in terms of cut- 
off value to examine increased BAR as a predictor of 
critical illness. The subgroup analyses were conducted 
according to area, age, sex, history of alcohol use or 
smoking and comorbidity to verify the robustness of over-
all results. The OR and 95% CI of critical illness in 
patients having higher BAR compared with those having 
lower BAR in each subgroup was reported. The prediction 
model was established through the “rms” package in 
R based on results of multivariate Logistic regression. 
The goodness of fit of prediction model was evaluated 
via concordance index (C index) with 95% CI.15 Then, 
a nomogram was visually established based on the predic-
tion model with the highest C index.16 The nomogram was 
also assessed by calibration curve and decision curve 
analysis (DCA) to further test its performance and 
accuracy.17,18 Significance was defined at the P < 0.05 
level.

Results
Baseline Patient Characteristics
A total of 1485 patients confirmed with COVID-19 were 
included in the study. Finally, 115 of them were excluded 
according to the exclusion criteria (Figure 1) and 1370 
were included. Totally 113 (8.2%) patients eventually 
developed critical illness. The numbers and ratios of 
cases with critical illness were 93/977 (9.5%) in Wuhan 
city, 15/292 (5.1%) in Sichuan province, and 5/101 (5%) 
in Guizhou province, respectively. Among them, 99 
(7.2%) patients were admitted into ICU and 51 (3.7%) 
patients needed for IMV. Finally, 44 (3.2%) patients died. 
Compared with patients without critical illness, the critical 
illness group had higher median age (67 vs 54 years, 
P<0.001), respiratory rate (25 vs 17 breath/min, 
P<0.001), rate of unconscious patients (8.8% vs 0.2%, 
P<0.001), total bilirubin (15.2 μ mol/L vs 9.7μ mol/L, 
P<0.001), but lower lymphocyte counts (0.75×109/L vs 
1.21×109/L, P<0.001), etc. Detailed comparisons of base-
line characteristics are shown in Table 1.

Meanwhile, patients with critical illness had significantly 
increased BUN (16.5 vs 12.1 mg/dL, P<0.001) and BAR 
(4.72 mg/g vs 3.05 mg/g, P<0.001), but decreased albumin 
(3.65 g/dL vs 3.91 g/dL, P<0.001) than that without critical 
illness (Figure 2A). Patients were further divided into four 
groups according to interquartile range of BAR: under 
2.42 mg/g, 2.42–3.08 mg/g, 3.09–3.79 mg/g, and above 
3.80 mg/g. The rates of critical illness significantly increased 
with elevated baseline BAR (Figure 2B).

Prognostic Value of BAR
The variables with P < 0.10 were included in univariate 
Logistic regression analysis and 24 variables were identi-
fied as potential risk factors. Then, only 14 variables were 
included into multivariate Logistic regression analysis 
after we have manually excluded factors, which were not 
independent with others or had little clinical significance. 
Finally, baseline age (OR: 1.031; 95% CI: 1.014, 1.049; 
P<0.001), respiratory rate (OR: 1.063; 95% CI: 1.009, 
1.120; P=0.022), unconsciousness (OR: 40.078; 95% CI: 
5.992, 268.061; P<0.001), lymphocyte counts (OR: 0.352; 
95% CI: 0.204, 0.607; P<0.001), total bilirubin (OR: 
1.030; 95% CI: 1.001, 1.060; P<0.001) and BAR (OR: 
1.319; 95% CI: 1.183, 1.471; P<0.001) were found to be 
independent risk factors for critical illness in COVID-19 
patients. These detailed results are shown in 
Supplementary Table 1.
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A ROC curve was created to determine if baseline 
BAR was predictive of critical illness (Figure 3A). The 
AUC was 0.821 (95% CI: 0.784, 0.858; P<0.01) for BAR, 
0.783 (95% CI: 0.743, 0.823; P<0.01) for BUN, 0.712 
(95% CI: 0.664, 0.760; P<0.01) for albumin, and 0.744 
(95% CI: 0.690, 0.798; P<0.01) for CURB-65, respec-
tively. Therefore, BAR might be a better predictor than 
BUN, albumin and CURB-65 in COVID-19. The optimal 
cut-off value of BAR was 3.7887 mg/g according to max-
imal Youden index (sensitivity: 0. 690, specificity: 0.786; 
positive predictive value: 0.225, negative predictive value: 
0.966; positive likelihood ratio: 3.226, negative likelihood 
ratio: 0.394).

Among all included patients, odds of critical illness 
were significantly higher in those above the cut-off value 
compared to those below (OR: 3.302; 95% CI: 1.959, 
5.565; P<0.001). The results of subgroup analysis were 
similar to pooled results (Figure 3B).

Prediction Model for Critical Illness
As a result, these above six predictors were included into 
the prediction model, as described in Figure 4. Each factor 
was assigned with a single score presented on the top line 
of nomogram. The total score of each patient is the sum of 
each single score. On the bottom of the nomogram, the 
probabilities of critical illness during hospitalization in 

Figure 1 Study population.
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Table 1 Comparisons of Clinical Characteristics Among COVID-19 Patients

Variables Overall (n=1370) With Critical 
Illness (n=113)

Without Critical 
Illness (n=1257)

P value

Demographic Characteristics

Sex (male) 628(45.8) 70(61.9) 558(44.4) <0.001

Age, years 55(40, 66) 67(56, 80) 54(39, 65) <0.001
History of alcohol use 240(17.5) 24(21.2) 216(17.2) 0.277

Smoking history 263(19.2) 27(23.9) 236(18.8) 0.186

Vital Signs on Admission

Temperature (°C) 36.6(36.4, 37) 36.7(36.4, 37.2) 36.6(36.4, 37) 0.407
Heart rate (beat/min) 84(78, 94) 84(78, 97) 84(78, 94) 0.682

Respiratory rate (breath/min) 18(16, 21) 25(19, 27) 17(16, 19) <0.001

Systolic blood pressure (mmHg) 128(119, 138) 132(120, 144) 127(118, 137) 0.005
Diastolic blood pressure (mmHg) 79(70, 85) 80(71, 86) 78(70, 85) 0.498

Symptoms and Signs
Fever 884(64.5) 84(74.3) 800(63.6) 0.023

Cough 855(62.4) 74(65.5) 781(62.1) 0.481

Hemoptysis 35(2.6) 3(2.7) 32(2.5) 1.00
Short of breath/dyspnea 314(22.9) 44(38.9) 270(21.5) <0.001

Weakness/fatigue 462(33.7) 46(40.7) 416(33.1) 0.101

Sore throat/pharyngalgia 89(6.5) 9(8) 80(6.4) 0.509
Rhinorrhea 28(2) 1(0.9) 27(2.1) 0.574

Wheeze 132(9.6) 21(18.6) 111(8.8) 0.001

Stuffy nose 21(1.5) 0(0) 21(1.7) 0.325
Chest pain/distress 257(18.8) 26(23) 231(18.4) 0.227

Muscle ache/myalgia 100(7.3) 9(8) 91(7.2) 0.777

Arthralgia 19(1.4) 5(4.4) 14(1.1) 0.014
Headache 65(4.7) 6(5.3) 59(4.7) 0.768

Unconsciousness 12(0.9) 10(8.8) 2(0.2) <0.001

Stomachache 20(1.5) 5(4.4) 15(1.2) 0.02
Nausea/vomiting 39(2.8) 4(3.5) 35(2.8) 0.867

Diarrhea 134(9.8) 13(11.5) 121(9.6) 0.52

Comorbidities

Chronic heart disease 115(8.4) 20(17.7) 95(7.6) <0.001

Asthma 9(0.7) 0(0) 9(0.7) 1.00
COPD 42(3.1) 7(6.2) 35(2.8) 0.084

Chronic neural disease 18(1.3) 4(3.5) 14(1.1) 0.082

Diabetes mellitus 191(13.9) 14(12.4) 177(14.1) 0.619
Dementia 18(1.3) 3(2.7) 15(1.2) 0.381

Stroke history 22(1.6) 4(3.5) 18(1.4) 0.188

Hypertension 386(28.2) 46(40.7) 340(27) 0.002

Laboratory Examinations

White blood cell, ×109/L 5.5(4.36, 6.94) 6.51(5.42, 9.44) 5.5(4.33, 6.79) <0.001
Hemoglobin, g/L 127(116, 140) 124(107, 143) 128(118, 140) 0.17

Platelet counts, ×109/L 205(163, 263) 200(146, 223) 206(164, 265) 0.001

Lymphocyte counts, ×109/L 1.19(0.90, 1.67) 0.75(0.48, 1.19) 1.21(0.94, 1.70) <0.001
Neutrophil counts, ×109/L 3.47(2.59, 4.73) 4.93(3.47, 8.27) 3.47(2.55, 4.50) <0.001

Eosinophils, ×109/L 0.03(0.01, 0.09) 0.01(0.01, 0.04) 0.03(0.01, 0.09) <0.001

Basophils, ×109/L 0.01(0.01, 0.03) 0.01(0.01, 0.02) 0.01(0.01, 0.03) 0.141
Monocyte count, ×109/L 0.43(0.32, 0.55) 0.41(0.27, 0.50) 0.43(0.33, 0.56) 0.004

D-dimer, mg/L 0.57(0.35, 0.93) 1.18(0.57, 3.39) 0.57(0.32, 0.82) <0.001

(Continued)
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patients with COVID-19 were predicted in terms of the 
total scores.

By using bootstrap method, the C index was 0.9031125 
(95% CI: 0.8720542, 0.9341708). In Figure 5A, the cali-
bration curve did not deviate from the reference line sig-
nificantly. There was a good consistency between the 
predicted values by nomogram and actual observed values. 
The bias-corrected C index was 0.8984114. The DCA was 
performed to evaluate clinical applicability of prediction 
model in Figure 5B. The DCA demonstrated that the 
nomogram had good overall net benefits within a wide 
range of threshold probabilities. The nomogram could 
improve patient outcomes in clinical practice.

Discussion
In the present study, we found that BAR at hospital admis-
sion is an independent predictor for risk of critical illness 
in COVID-19 patients on subsequent hospital days, with 

superior performance than CURB-65. It is simple to cal-
culate and could be employed as early as patient presenta-
tion in routine clinical practice. Furthermore, the 
nomogram including BAR provides clinicians with an 
easily obtainable tool to facilitate accurate evaluation of 
prognosis in COVID-19 patients. Our findings are of rele-
vance for clinical decision-making in the COVID-19 
pandemic.

Similar prognostic performances of BAR in various 
diseases have been observed frequently in recent years. 
At first, for infectious diseases, Ugajin et al found elevated 
BAR was an independent predictor of mortality (OR: 1.10, 
95% CI: 1.01–1.20) and need for intensive care (OR: 1.27, 
95% CI: 1.09–1.47) in community-acquired pneumonia;5 

Zou et al revealed BAR was an independent predictor of 
30-day mortality and intensive case requirement in 
Escherichia coli bacteremia.6 Other researchers further 
demonstrated that increased BAR was a potentially useful 

Table 1 (Continued). 

Variables Overall (n=1370) With Critical 
Illness (n=113)

Without Critical 
Illness (n=1257)

P value

Fibrinogen, g/L 3.56(2.94, 4.32) 3.69(3.41, 5.4) 3.56(2.91, 4.21) <0.001

APTT, s 27.9(26.8, 32.1) 28(27.5, 31.9) 27.8(26.7, 32.1) 0.495
PT, s 12.1(11.7, 12.9) 12.7(12, 13.7) 12(11.6, 12.8) <0.001

INR 1.03(0.97, 1.06) 1.06(1.03, 1.15) 1.03(0.96, 1.05) <0.001

Total bilirubin, μ mol/L 9.9(8.2, 14.3) 15.2(9.0, 19.2) 9.7(8.2, 13.7) <0.001
ALT, IU/L 24(17, 36) 24(18, 40) 24(17, 35) 0.541

AST, IU/L 24.2(20, 32) 25(22, 38.6) 24(20, 32) 0.004

Total protein, g/L 64.6(61.1, 69.9) 63.1(57.8, 65.3) 64.6(61.5, 70.1) <0.001
Albumin, g/dL 3.91(3.63, 4.26) 3.65(3.17, 3.91) 3.91(3.67, 4.29) <0.001

Globulin, g/L 25.2(23.2, 29.4) 25.6(24.1, 29.6) 25.2(23.1, 29.4) 0.511

Triglyceride, mmol/L 1.23(1.09, 1.48) 1.24(1.13, 1.48) 1.23(1.08, 1.47) 0.769
Glucose, mmol/L 5.60(5.01, 6.46) 5.67(5.52, 7.67) 5.59(4.98, 6.38) <0.001

BUN, mg/dL 12.1(9.78, 14.57) 16.5(12.1, 25.4) 12.1(9.52, 14.02) <0.001

Creatinine, μ mol/L 62(53, 72) 63(55, 73) 62(53, 72) 0.795
Uric acid, umol/L 263(218, 319) 267(238, 326) 260(215, 319) 0.149

C-reactive protein, mg/L 10(4, 16) 10.4(5.6, 19) 9.5(4, 18.8) 0.072

Procalcitonin, μ g/L 0.05(0.04, 0.06) 0.06(0.05, 0.06) 0.05(0.04, 0.06) 0.35
BAR, mg/g 3.09(2.42, 3.80) 4.72(3.35, 7.55) 3.05(2.35, 3.63) <0.001

Chest CT scan images
Consolidation 190(13.9) 17(15) 173(13.8) 0.706

Ground-glass opacity 1116(81.5) 87(77) 1029(81.9) 0.202

Paving 7(0.5) 0(0) 7(0.6) 1.00
Fibrotic 293(21.4) 17(15) 276(22) 0.086

Effusion 50(3.6) 4(3.5) 46(3.7) 1.00

Note: Data are shown as median with interquartile range (IQR) for continuous variables or number with percentage for categorical variables. 
Abbreviations: COVID-19, coronavirus disease 2019; critical illness, admitted into intensive care unit, invasive mechanical ventilation or death; n, numbers; COPD, chronic 
obstructive pulmonary disease; APTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; BUN, blood urea nitrogen; BAR, blood urea nitrogen to serum albumin ratio; CT, computed tomography.
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prognostic factor of mortality within 28 days in aspiration 
pneumonia patients and 30-day mortality in hospital- 
acquired pneumonia (hazard ratio (HR): 3.871; 95% CI: 
2.174–6.893).19,20 Then, Bae et al also found BAR was 
a significant predictor of ICU admission and in-hospital 
mortality in acute gastrointestinal bleeding patients.7 

Lastly, Dundar et al concluded that BAR >6.25 was an 
independent predictor of in-hospital mortality in all older 
emergency department patients (aged 65 and over).21 The 
AUC of BAR in above studies varied from 0.69 to 0.83. 
As an easy and convenient parameter, it is not affected by 
individual subjectivity from different clinicians and might 
be also a promising predictor in COVID-19. As 

Küçükceran reported, the AUC of BAR in COVID-19 
was 0.809 and BAR>3.9 mg/g was associated with 
increased in-hospital mortality (OR: 10.448; 95% CI: 
5.562–19.626).10 It is noted that the OR was calculated 
by using univariate logistic regression analysis. 
Furthermore, there is scarce data on the predictive value 
for critical illness of BAR in COVID-19. Finally, in the 
current study, the AUC is 0.82 and the multivariate OR of 
BAR > 3.7887 for critical illness is 3.302 (95% CI: 1.959, 
5.565), which means our results maintain the previously 
demonstrated prognostic utility of BAR in COVID-19 
patients. However, it should be noticed that BAR ≥ 
3.7887 mg/g was not identified as an independent 

Figure 2 (A) The BUN, albumin and BAR values within 24 hours after admission in COVID-19 patients with or without critical illness. (B) Comparisons of the rates of 
critical illness among quartiles of BAR in COVID-19 patients. P values were calculated by Chi Square analysis. 
Abbreviations: BUN, blood urea nitrogen; BAR, blood urea nitrogen to serum albumin ratio; COVID-19, coronavirus disease 2019.

Figure 3 (A) ROC curve of BAR, BUN, albumin and CURB-65 for prediction of critical illness in COVID-19 patients. The AUC were 0.821 (95% CI: 0.784, 0.858; P<0.01) 
for BAR, 0.783 (95% CI: 0.743, 0.823; P<0.01) for BUN, 0.712 (95% CI: 0.664, 0.760; P<0.01) for albumin, and 0.744((95% CI: 0.690, 0.798; P<0.01) for CURB-65, 
respectively. The optimal predictive cut-off value of BAR was 3.7887 mg/g (specificity: 0. 690; sensitivity: 0.786). (B) Subgroup analysis for OR of COVID-19 patients with 
BAR ≥ 3.7887 mg/g versus BAR < 3.7887 mg/g stratified by area, age, sex, history of drinking or smoking, and comorbidity. P values were calculated by multivariate Logistics 
regression analysis. 
Abbreviations: ROC, receiver operating characteristic; BAR, blood urea nitrogen to serum albumin ratio; COVID-19, coronavirus disease 2019; AUC, area under the 
curve; OR, odds ratios; 95% CI, 95% confidence interval.
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predictor of critical illness in Sichuan province or Guizhou 
province. It might be due to insufficient sample size 
because the numbers of cases with critical illness in 
these two areas were far less than that in Wuhan city at 
the beginning of 2020. Therefore, the predictive perfor-
mance of BAR still needs more validation in different 
regions.

The reasons and pathophysiological mechanisms 
responsible for prognostic values of BAR are still 
unclear. Urea is synthesized in liver via protein catabo-
lism and blood urea is freely filtered at the glomerulus 
and undergoes tubular reabsorption. BUN could reflect 

the complex interrelation among nutritional status, pro-
tein metabolism and renal condition of the patient. 
Previous renal histopathological analysis in 26 autopsies 
of patients with COVID-19 revealed that factors contri-
buting to acute kidney injury included direct virulence of 
SARS-CoV-2 through high expression and upregulation 
of angiotensin-converting enzyme type II (ACEII) recep-
tor in the kidneys, systemic hypoxia, abnormal coagula-
tion, and possible drug or hyperventilation-relevant 
rhabdomyolysis.22 The virus can activate the renin- 
angiotensin-aldosterone system (RAAS) and cause renal 
vasoconstriction, slowing of tubular flow and decrease in 

Figure 4 Predictive nomogram for critical illness in COVID-19 patients. Age (years); Unconsciousness (1: yes, 0: no); Respiratory rate (breath/min); Lymphocyte (×109/L); 
Total bilirubin (μ mol/L); BAR (mg/g). 
Abbreviations: COVID-19, coronavirus disease 2019; BAR, blood urea nitrogen to serum albumin ratio.

Figure 5 (A) The calibration curve of nomogram. (B) The DCA of nomogram. 
Abbreviation: DCA, decision curve analysis.
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glomerular ultrafiltration, leading to reduced BUN excre-
tion and increased absorption of water and sodium in the 
kidney tubules, and passive reabsorption of BUN.23 It 
should be noted that dehydration is common in patients 
with pneumonia. In the dehydrated condition, reabsorp-
tion of urea by the kidneys is also increased.5,19,20 

Recently two meta-analyses of COVID-19 demonstrated 
that 13.7% (95% CI 5.5–21.9%) of patients had elevated 
serum BUN levels and higher level of BUN was asso-
ciated with a significant increase in fatality (mean differ-
ence (MD): 4.07 mmol/L, 95% CI: 3.33–4.81) and severe 
infection (MD: 2.12 mmol/L, 95% CI: 1.74–2.50).24,25

As the most abundant circulating protein and a well- 
known plasma-expander, serum albumin also plays a key 
role in the neutralization of free radicals and exogenous or 
endogenous substances, antioxidation, immune-modulation, 
anti-inflammatory processes and endothelial stabilization.26 

Serum albumin concentration can be reduced by malnourish-
ment, inflammation, hepatocellular injury, renal losses, etc. 
Previous studies have demonstrated that the inflammatory 
reaction was the main reason for depressed serum albumin 
levels and there was no correlation between the serum albu-
min levels and the nutritional measurements in elderly 
patients with pneumonia.27 In COVID-19, the predictive 
values of hypoalbuminemia might be explained by several 
characteristics of critical illness, such as increased capillary 
leakage, tissue ischemia, reperfusion injury, intense systemic 
inflammatory response, diminished immunological response, 
etc.28 A meta-analysis of 11 studies with 910 patients indi-
cated that the weighted mean serum albumin on admission 
was statistically significant (MD: −0.56 g/dL; 95% CI: −0.69 
to −0.42 g/dL) in severe and non-severe COVID-19 group, 
and the hypoalbuminemia status was related to increased risk 
of severe COVID-19 (OR: 12.6; 95% CI: 7.5–21.1).29

Previous reports have also proposed some prediction 
models for mortality or severity of COVID-19, in which 
the increased BUN and decreased albumin levels are in 
agreement with our results. Altschul et al developed 
a COVID-19 severity score consisting of BUN, age, oxy-
gen saturation, etc. (AUC in training cohort: 0.824; valida-
tion cohort: 0.798).30 Another nomogram including BUN, 
albumin, age, bilirubin, etc. could be used for early identi-
fying severe COVID-19 (AUC in training cohort: 0.912; 
validation cohort: 0.853).31 Besides, a machine learning 
model using BUN, albumin and several other serum chem-
istry laboratory parameters was developed for the predic-
tion of death of COVID-19 (91% sensitivity, 91% 
specificity, AUC: 0.93).32 The BAR and nomogram in 

our study have comparative or superior predictive perfor-
mances compared with above models. In this regard, our 
findings have novelty and clinical utility.

Our results showed that the rate of critical illness was 
8.2%, which was similar or slightly lower than to that 
reported by previous studies.12,33,34 One possible reason is 
that we have excluded the COVID-19 patients with 
advanced comorbidities, such as liver disease, kidney dis-
ease, malignancy, hematological diseases and immunosup-
pressed to ensure the accuracy of BUN and albumin levels. 
However, as previously reported these patients are often 
more likely to develop critical illness. In addition, we 
found that age, unconsciousness, respiratory rate, lympho-
cyte and total bilirubin made the highest contribution to the 
prediction of critical illness after adjustment for demo-
graphic and clinical parameters. This result is consistent 
with findings form previous reports.7,8,12,13 These observa-
tions confirmed the representativeness of our sampling 
population and the accuracy of our results. Therefore, the 
present results support the measurement of baseline BAR in 
hospitalized patients with COVID-19. Future clinical 
research efforts could examine its prognostic values 
among different medical settings or other specific COVID- 
19 populations, such as children, pregnant women, immu-
nocompromised patients with comorbidities, etc. Additional 
studies including large numbers of patients are needed to 
calibrate the optimal cutoff value of BAR and to validate 
the nomogram. More researches demonstrating the clinical 
course and pathophysiology of COVID-19 is of great 
importance for routine clinical use of BAR.

Our current study has several limitations. Firstly, this 
study was a retrospective analysis and the cohort included 
a limited number of patients. We only included patients 
from three provinces in China without further external 
validation. The nomogram was derived from particular 
periods and places where data were collected. Secondly, 
the results might have been affected by some unadjusted 
confounders, including the heterogeneities of drugs before 
admission and treatments among different medical centers. 
Thirdly, we failed to record changes of BAR after admis-
sion or make follow-up after discharge due to scarcity of 
relative information.

Conclusion
In conclusion, elevated BAR at admission is an indepen-
dent risk factor for critical illness and appears to be 
a promising predictor in COVID-19 patients. The predic-
tive nomogram including age, unconsciousness, 
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respiratory rate, lymphocyte, total bilirubin and BAR for 
critical illness has superior predictive capacity. Our results 
need more validations.

Abbreviations
BAR, blood urea nitrogen to serum albumin ratio; 
COVID-19, coronavirus disease 2019; BUN, blood urea 
nitrogen; ICU, intensive care unit; IMV, invasive mechan-
ical ventilation; ROC, receiver operating characteristic; 
OR, odds ratio; 95% CI, 95% confidence interval; SARS- 
CoV-2, severe acute respiratory syndrome coronavirus 2; 
WHO, World Health Organization; RT-PCR, reverse- 
transcription polymerase chain reaction; CT, computed 
tomography; AUC, area under the curve; DCA, decision 
curve analysis; ACEII, angiotensin-converting enzyme 
type II; RAAS, renin-angiotensin-aldosterone system; 
MD, mean difference.
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