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Background: The novel coronavirus disease (COVID-19) is leading to high morbidity and
mortality. This aim of this study was to test whether blood urea nitrogen-to-creatinine ratio
(BCR) is a predictor for mortality in patients with COVID-19.

Methods: Ranges of “normal” BCR values were calculated from 9165 healthy subjects, and
337 and 79 COVID-19 patients were randomly assigned to the training cohort and the
validation cohort, respectively. Prognostic factor of death incidence was selected by
LASSO regression analyses. The prognostic ability of BCR range was assessed by logistic
regression analysis. A nomogram for predicting in-hospital mortality based on BCR was
developed. The performance of the nomogram was evaluated with respect to its calibration,
discrimination, and clinical usefulness.

Results: Among 337 COVID-19 patients, 13.4% and 11.3% were classified into higher and
lower than normal range group, respectively. Kaplan-Meier curves for all-cause mortality
showed that patients with higher BCR group had worse prognosis (£<0.0001). BCR above
the normal range was independently associated with death in COVID-19 patients (OR: 7.54;
95%CI: 1.55-36.66; P=0.012). The nomogram had good discrimination in the training cohort
(C-index 0.838; 0.795-0.880) and the validation cohort (C-index 0.929; 0.869-0.989), and
good calibration. Using maximum Youden index, the cutoff values of 59.8 points, the
sensitivity and specificity were 75.4% and 81%. Decision curve and clinical impact curve
analysis demonstrated that the nomogram was clinically useful.

Conclusion: BCR was a useful prognostic factor for COVID-19 patients. Development of
an individualized BCR-based prediction nomogram can effectively predict the risk of
mortality and help clinicians to make individual treatment early.
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Background

At the end of 2019, a novel coronavirus pneumonia (COVID-19) broke out and spread
rapidly throughout China and other countries." The COVID-19 pandemic, resulting
from the SARS-CoV-2 virus, is providing significant challenges to global public
health systems and clinical management.>* It is spread through respiratory droplets
and contact,* and elderly people and those with comorbidities are thought to have
poorer prognosis.”® Although the majority of COVID-19 patients have mild disease,
severe and critically ill patients can rapidly progress to acute respiratory distress
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syndrome, septic shock, multiple organ failure and even
death." It is therefore imperative to identify prognostic indi-
cators of disease severity, to assist the implementation of
early measures to prevent the deterioration and death of
critically ill patients. Routine clinical laboratory tests on
blood may provide such prognostic factors, as they can
reflect the altered biology of critical illness.’

Blood urea nitrogen (BUN) represents a surrogate mar-
ker for predicting persistent organ failure after 48 h of
hospital admission, above and beyond its role in the esti-
mation of renal function.®® Elevated BUN level has been
reported as a predictor of worse outcomes in patients with
heart failure and BUN level with more than 7 mmol/L was
one of the criteria of CURB-65 scoring for community-
acquired pneumonia.'®'" Recent studies have shown that
the BUN to serum albumin ratio is an important prognostic
factor of mortality and disease severity in patients with
aspiration, hospital-acquired, and community-acquired
pneumonia.'”'* Several studies have suggested that an
elevated ratio of BUN to creatinine (BCR) is associated
with prolonged intensive care and mortality in patients
with critical illness.”'> In addition, BCR is a poor prog-
nostic risk factor for chronic heart failure, ischemic stroke
and serious disease that persists after major trauma.”'®!”
Of note, a recently published article indicated that the
combination of chronic kidney diseases on admission or
the development of acute kidney injury during hospitaliza-
tion in patients with COVID-19 was significantly asso-
ciated with in-hospital mortality.'® Therefore, it is
hypothesized that critically ill patients with COVID-19
could have changes in BCR during hospitalization, and
that BCR may be considered as a prognostic marker of
severe disease and mortality. In this study, we system-
atically quantify the various levels of serum BCR in
COVID-19 patients, and explore its relationship to disease
severity and prognosis. As normal reference levels for
BCR are not yet established, we determined the distribu-
tion of BCR values from a general “healthy” population,
and assessed the degree to which our patients with
COVID-19 were outside of the normal range of BCR.

Patients and Methods

Study Participants

Members of the general population (aged 14—75 years)
were enrolled, who underwent a routine (nonurgent) med-
ical health check between January 1 and December 31,
2016, at the Health Management Center of Tongji Hospital

in Wuhan (n=26,524). As part of the health check, all
individuals had anthropometric measurements taken, and
they provided overnight fasting blood samples and infor-
mation regarding their medical history. We excluded indi-
with
hypercholesterolaemia, heart failure, BMI <18.5 kg/m” or
BMI >25 kg/m? glomerular filtration rates (eGFR) of
<60 mL/min per 1.73 m? glomerulonephritis or chronic

viduals diabetes  mellitus,  hypertension,

renal diseases, pregnant women, tumor. After exclusions,
a total of 9165 subjects were included in the study. The
BCR distribution across age and sex groups was analyzed
(see below), thereby providing normal ranges. This study
was approved by the Ethics Committee of Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology (the Institutional Review Board approval
number: TJ-C20160115). The study conforms to the prin-
ciples outlined in the Declaration of Helsinki, and written
informed consent was obtained from all participants.

We collected data on 442 COVID-19 patients admitted
to hospital from January 10, 2020 to February 27, 2020
treated at Tongji Hospital in Wuhan, all patients older than
14 years of age. We excluded patients who lacked urea
nitrogen or creatinine biochemistry measurements (n=8),
those with influenza A or influenza B virus (n=5), those
with uremia with maintenance hemodialysis or peritoneal
dialysis (n=2), those with cachexia status (n=4), those with
others (such as active gastrointestinal bleeding, active
glomerulonephritis, urinary tract obstruction, n=0) and
those who died within 48 h of admission (n=7). We col-
lected COVID-19 patients who went to the designated
hospital directly after the onset of fever and were admitted
to the hospital without any other treatment after the diag-
nosis was confirmed. A total of 416 patients with COVID-
19 were included in our study. The patients were further
divided in the light of the different branch of Tongji
Hospital, forming a training set (n=337) for nomogram
construction and a validation set (n=79) for external ver-
ification. Diagnosis and clinical types of COVID-19 were
classified according to clinical guidelines (version 5 trial)
developed by the National Health Committee of the
People’s Republic of China.'® All SARS-CoV-2 infections
were confirmed by real-time-PCR (RT-PCR) from upper
respiratory throat swab samples provided by the patients.
Epidemiological, demographic, clinical, laboratory, man-
agement, and outcome data were obtained from patients’
medical records. In addition, all patients received a chest
computerized tomography examination. The BCR of 416
patients at admission was calculated. The estimated
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glomerular filtration rate (¢GFR) was calculated using the
Chinese improved modification of diet in renal disease
formula eGFR (mL/min per 1.73 m?)=175xserum creati-

1.234 ~0.179
xage

nine (Scr) ~ x0.79 (if female). The prognostic
significance of BCR below and above the normal range
was assessed using mortality as the endpoint. This study
was approved by the Research Ethics Committee of Tongji
Hospital (cord number: TJ-IRB20200353). The written
informed consent was waived by the Ethics Commission
for emerging infectious disease. Because COVID-19 is
highly infectious, patients with the COVID-19 disease
need to be isolated, and it was not practical to sign
informed consent. Therefore verbal consent was obtained

or given by the next of kin from each patient.

Statistical Analysis

Analyses were performed using SPSS 23.0 (IBM
Corporation, Armonk, NY, USA) and R (version 3.6.2)
statistical packages. All statistical tests were two-sided
and P-value <0.05 was considered statistically
significant.

A linear regression model was fitted to the BCR
data for the general population (n=9165) with age and
gender, thereby allowing the direct inference of 95%
prediction intervals that reflect normal range values. On
the basis of their BCR values, 416 COVID-19 patients
were then assigned being below, within, and above the
normal ranges. Categorical variables were expressed by
number (%), and continuous variables were expressed
by median IQR. The relationship between baseline
characteristics (eg age) and each BCR-based group
was compared by using the Kruskal-Wallis test, chi-
squared or Fisher's exact probability tests, where appro-
priated. The main outcome was mortality, and the least
absolute shrinkage and selection operator (LASSO)
regression method was used to select the most useful
predictive features from the primary data set.
Prognostic models were fitted multivariable logistic
regression models, which included the BCR-based
groups and other factors. The nomogram for training
cohort was established with the rms package in
R statistical packages and the predictive accuracy of
nomogram was evaluated by calculating the area under
the curve (AUC) through the receiver operating char-
acteristic (ROC) curve. To correct overfitting bias,
a corrected AUC was calculated using bootstrapping
validation (1000 bootstrap resamples) in the training
Calibration of the

cohort and wvalidation cohort.

nomogram was assessed by the calibration curve with

Hosmer—Lemeshow test. Moreover, the verification
cohort for external verification was employed to calcu-
late the total score of each patient in the verification
cohort according to the established nomogram, and
constructed the ROC curve and calibration curve.
Finally, we evaluated the clinical usefulness and net
benefit of the new predictive models using decision
curve analysis (DCA) and clinical impact curve analysis

(CICA).

Results
Normal Range of BCR in General

Population

The median BCR in general cohort (n=9165) was 15.5
(IQR: 12.9-18.8), and lower than in the COVID-19 cohort
(17.8; IQR: 13.7-24.5) (P<0.001) (Figure 1A). Using the
general cohort data, linear regression models were fitted
and revealed a significant age—gender interaction effect on
log BCR (P<0.001). The models were therefore fitted
separately for each gender. The log BCR increased with
age in both sexes, but in women increased more
(Figure 1B). The gender specific models provided infer-
ence on age effects with 95% prediction intervals
(a normal range) (Supplementary Table 1).

Clinical Characteristics of COVID-19

Patients

In COVID-19 patients, log BCR also varied widely and
increased with age in both sexes (Figure 1C). The upper
and lower 95% prediction limits were calculated from age
and sex for each patient. According to established normal
values of BCR in the general population, COVID-19
patients (n=337) in the training cohort were divided into
three groups: higher than normal range of BCR group
(n=45; 13.4%), lower than normal range of BCR group
(n=38; 11.3%) and BCR within normal range (n=254;
75.4%). The proportion of patients with critical COVID-
19 is higher in above normal range of BCR (P<0.001).
More patients in the above normal BCR group received
mechanical ventilation. The BCR higher than normal
range group was associated with male, diabetes and cardi-
ovascular disease (P<0.05), see Table 1 for baseline char-
Whilst,
neutrophil count, D-Dimer and BUN in those above the

acteristic analyses. white blood cell count,

normal BCR range were significantly higher than other
groups, and the lymphocyte and platelet counts were
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Figure | The distribution characteristics of blood urea nitrogen (BUN):creatinine ratio in general healthy population and COVID-19 patients. (A) Baseline blood urea
nitrogen (BUN):creatinine ratio in general healthy population (normal) and COVID-19 patients. The box represents IQRs, the horizontal line in each box represents the
median and the whiskers show the 10-90 percentile range. Scatter plot of association between ages vs log BUN:Creatinine ratio by gender in general healthy population
(normal) (B) and COVID-19 patients (C). Solid lines express predicted log BUN:creatinine ratio by age and gender with 95% prediction intervals (shaded area) for each

gender.

significantly lower (P<0.05). However, there was no sig-
nificant statistical difference in either creatinine or eGFR
among the groups. The rate of fever, highest temperature,

and cough showed no significant difference among the

three groups (Table 1).

Kinetic Analysis of BCR Levels in the
Serum of COVID-19 Patients

The baseline levels of BCR were higher in severe and
critical cases, compared to the common cases (25.9£11.9
vs 14.242.9; P<0.0001). In severe and critical cases, the

Table | Baseline Characteristics of Each BUN:Creatinine Ratio Group in Patients with COVID-19

Variables BUN:Creatinine Ratio BUN:Creatinine Ratio | BUN:Creatinine Ratio P-value
Lower Than Normal within Normal Range Higher Than Normal
Range (n=38) (n=254) Range (n=45)

Age (years) 67.5 (30-79) 66.0 (19.0-95.0) 66.0 (29.0-92.0)

Gender 0.004
Male 12 (31.6) 142 (55.9) 30 (66.7)

Female 26 (68.4) 112 (44.1) 15 (33.3)

Current smoking 0(0) 18(7.1) 3 (6.7) 0.250

Duration of disease (days) 12.5 (7-15) 10 (7-14) 13 (7-15.5) 0.039

Comorbidity
Diabetes 2(53) 41 (l6.1) 12 (26.7) 0.030
Hypertension 10 (26.3) 94 (37.0) 22 (48.9) 0.100
Cardiovascular disease (Fisher's exact | 5 (13.2) 26 (10.2) 13 (28.9) 0.006

test)

Cerebrovascular disease 2(53) 10 (3.9) 3(6.7) 0.591
Pulmonary disease I (2.6) 21 (8.3) 6 (13.3) 0.230
Chronic kidney disease 2 (5.3) 4 (1.6) 1 (2.2) 0.165
Other 2(53) 14 (5.5) 5(11.1) 0.340

Disease type <0.001
Common type 17 (44.7) 75 (29.5) 2(4.4) <0.001
Severe type 15 (39.5) 107 (42.1) 15 (33.3) 0.548
Critical type 6 (15.8) 72 (28.3) 28 (62.2) <0.001

(Continued)
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Table | (Continued).
Variables BUN:Creatinine Ratio BUN:Creatinine Ratio | BUN:Creatinine Ratio P-value
Lower Than Normal within Normal Range Higher Than Normal
Range (n=38) (n=254) Range (n=45)

Signs and symptoms
Fever 33 (86.8) 217 (85.4) 38 (84.4) 0.953
Highest temperature, °C (Fisher’s exact 0.277
test)

37.3-38 13 (34.2) 74 (29.1) 12 (26.7)

38-39 19 (50.0) 105 (41.3) 18 (40)

>39 1 (2.6) 38 (15.0) 8(17.8)
Cough 31 (81.6) 195 (76.8) 35 (77.8) 0.840
Fatigue 12 (31.6) 62 (24.4) 7 (15.6) 0.229
Headache 10 (26.3) 37 (14.6) Il (24.4) 0.077
Nausea or vomiting 6 (15.8) 44 (17.3) 7 (15.6) 0913
Diarrhea 9 (23.7) 70 (27.6) 8 (17.8) 0.364
Sore throat 5(13.2) 34 (13.4) 6 (13.3) 1.000
Chest tightness or chest pain 14 (36.8) 9 9(39.0) 21 (46.7) 0.578
Dyspnea or panting 15 (39.5) 113 (44.5) 26 (57.8) 0.182
Blood laboratory findings
White blood cell count, *10%/L 5.2 (43-7.5) 6.1 (4.8-8.9) 1.5 (8.4-187) <0.001
Neutrophil count, *10%/L 34 (2.7-5.7) 4.3 (3.0-7.5) 10.0(6.9-16.7) <0.001
Lymphocyte count,*I0%/L 1.1 (0.7-1.4) 0.9 (0.5-1.3) 0.6 (0.5-0.9) <0.001
Hemoglobin, g/L 114.5 (109.8-130.3) 129.0 (118.0-141.0) 129.0 (117.5-147.5) <0.001
Platelet count, *10°/L 225.5 (176.0-336.0) 203.0 (144.5-287.5) 169.0 (105.5-237.5) 0.006
Prothrombin time, s 13.8 (13.2-14.4) 14 (13.4-15.0) 16.3 (14.9-18.2) <0.001
D-Dimer, mg/L 1.0 (0.4-1.8) 1.2 (0.5-4.6) 7.3 (2.1-21.0) <0.001
Alanine aminotransferase, U/L 17.0 (11.8-23.5) 23.0 (16.0-38.5) 26.0 (17.5-40.5) 0.002
Aspartic transaminase, U/L 23.0 (17.8-38.0) 30.0 (20.0-45.5) 38.0 (20.549.5) 0.028
Uric acid, umol/L 229.3 (177.6-283.3) 253.0 (189.8-322.1) 277.3 (185.2-351.5) 0.155
Blood urea nitrogen, mg/dL 8.8 (7.5-11.2) 14.7 (10.4-20.8) 30.2 (22.3-38.7) <0.001
Creatinine, mg/dL 0.8 (0.7-1.0) 0.8 (0.7-1.0) 0.8 (0.6-1.1) 0.732
BUN/creatinine ratio 10.5 (9.1-12.2) 17.6 (14.8-22.4) 37.5 (31.746.6) <0.001
eGFR, mL/min/1.73 m2 91.1 (68.4-104.4) 100.3 (76.0-120.3) 104.2 (75.6—-146.2) 0.112
Total cholesterol, mg/dL 3.8 (3.34.2) 3.6 (3.14.1) 3.1 (274.0) 0.012
Albumin (mg/dL) 35.3 (32.5-384) 33.9 (30.7-37.7) 29.7 (26.4-32.9) <0.001
Lactic dehydrogenase, U/L 264.0 (208.0-331.3) 316.0 (224.4-493.0) 591.0 (414.5-799.5) <0.001
C-reactive protein, mg/L 20.8 (6.1-62.0) 45.8 (5.6—105.1) 78.3 (40.9-145.4) <0.001
Random blood glucose 6.0 (5.4-7.5) 6.6 (5.6-84) 8.8 (6.3-13.9) <0.001
Hypersensitive cardiac troponin, 5.9 (3.7-15.7) 8.7 (3.8-23.1) 38.0 (9.7-155.8) <0.001
Procalcitonin, ng/mL 0.1 (0.1-0.2) 0.1 (0.0-0.2) 0.2 (0.1-0.6) <0.001
Treatment
Antibiotic therapy 37 (974) 240 (94.5) 43 (95.6) 0914
Use of corticosteroid 8 (21.1) 149 (58.7) 35 (77.8) <0.001
Intravenous immunoglobulin 9 (23.7) 105 (41.3) 21 (46.7) 0.074
Mechanical ventilation 9 (23.7) 106 (41.7) 35 (77.8) <0.001
Outcomes
Discharge 26 (68.4) 139 (54.7) 5(I1.1) <0.001
Death 12 (31.6) 115 (45.3) 40 (88.9) <0.001
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Figure 2 Kinetic analysis of blood urea nitrogen (BUN):creatinine ratio levels of COVID-19 patients. The levels of BUN:creatinine ratio in the serum of mild cases (red line)

and severe and critical (blue line) COVID-I9 patients were analyzed at different time

points after hospital admission, *P<0.001, **P<0.0001. Green dotted line presents

upper limit value of BCR reference range, black dotted line presents lower limit value of BCR reference range.

Abbreviation: NS, nonsignificant.

BCR level increased significantly on the day of transfer to
intensive care unit as compared to the day of admission
(25.9£11.9 vs 32.7+10.8; P<0.001). However, no signifi-
cant differences in BCR levels were observed during the
whole course of the common cases (Figure 2).

Association Between BCR Groups and
Outcomes of COVID-19 Patients

The majority of COVID-19 patients in the above normal
range BCR group died (88.9% vs 43.5% for non-high).
Kaplan—Meier curves for all-cause mortality outcomes
showed that those patients with above normal range of
BCR had worse prognosis (P<0.0001). There was no
significant difference in all-cause mortality between the
lower and normal BCR groups (P=0.081) (Figure 3).
Univariate logistic regression models found 23 variable
baseline characteristics related to death (Supplementary
Table 2). Further application of the LASSO regularized
regression approach with all these variables found that

only age, neutrophil count, platelet, lactic dehydrogen-
ase, C-reactive protein (CRP), random blood glucose,
BCR and BUN were the predictive factors for death
incidence when the lambda was one standard error
(Supplementary Figure 1). These eight factors and gen-

der were included in multivariate logistic regression
model. It was found that above normal range of BCR
was associated with significantly higher risks of death
after adjusting for sex, age, neutrophil count, platelet,
lactic dehydrogenase, CRP, random blood glucose, car-
diovascular disease and diabetes (OR: 6.20; 95%CI:
1.18-32.58; P=0.031), but not after further adjusting

for BUN (P=0.086) (Table 2). These results suggested
that BCR was one of prognostic factors affecting the
prognosis for poor outcome.

Development of an Individualized

Prediction Nomogram Based on BCR

To provide the clinician with a quantitative tool to predict
individual probability of death, the nomogram was built on
the basis of multivariable logistic analysis results, which
integrated age, sex, BCR in the training cohort (Figure
4A). In the training cohort, the calibration curves showed
good agreement between predictions and observation in
the training cohort (Figure 4B), and the statistical data
obtained by the Hosmer—Lemeshow test is not significant
(P=0.828), which indicated that there was no deviation
from the perfect fit.

Performance, Validation and Clinical
Utility of Nomogram Based on BCR

Furthermore, an independent validation of the nomogram
performance was tested in the validation cohort. Except
the neutrophil count, there were no significant differences
in age, sex, comorbidity, BUN, BCR, CRP, and disease
types between the training cohort and validation cohort
(Table 3). The calibration curves for predicting death
showed that the nomograms were also in good agreement
between prediction and observation in the wvalidation
cohort (Figure 4C). To compare the death predictive
values of the nomogram, ROC analysis was applied in
the training cohort, resulting in the c-index of 0.838
(95%CI, 0.795-0.880), which was confirmed to be 0.834
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Figure 3 Kaplan—Meier survival curves for all-cause in-hospital mortality for the three BUN:creatinine ratio groups in patients with COVID-19.

via bootstrapping validation (Figure 5A). Using maximum
Youden index, the cutoff values of 59.8 points, the sensi-
tivity and specificity in predicting mortality were 75.4%
and 81%, respectively. Similarly, the c-index of the nomo-
gram in the validation cohort was 0.929 (95%CI, 0.869—
0.989), and the Hosmer—Lemeshow test yielded
a nonsignificant statistic (P=0.439) (Figure 5B). While,
the predictive ability of BCR alone for the incidence of in-
hospital mortality was modest (AUC: 0.768; 95%CI: 0.-
717-0.819, P<0.001), at a BCR cutoff value of 18.6, the
sensitivity and specificity in predicting mortality were
73% and 77.6%, respectively (Figure 5C). The above
normal range of BCR also had good predictive ability for
death (AUC: 0.927; P<0.001) (Supplementary Figure 2).
In addition, the clinical utility of the nomogram was ana-
lyzed by the DCA and CICA. DCA showed that the
threshold probabilities of 0.1-1.0 was the most beneficial

for predicting death with nomogram in the training cohort
(Figure 5D). Then, further performed the plotted CICAs to

evaluate the clinical impact of the nomograms to help us
more intuitively understand its substantial value. CICAs of
the nomogram in the training cohort and validation cohort
(Figure 5E and F) showed that the nomogram had remark-
able predictive power when the risk threshold was in the
range of 0-0.65, and the net benefit would be satisfied in
the same range.

Discussion

Despite global control measures, the number of COVID-
19 diagnoses and deaths has continued to rise. While there
is a crude mortality rate of ~2.3%, for patients developing
into critical cases the rate is 49%.> Determining the factors
that identify severe and critical patients early will improve
the recovery rate and reduce mortality. We investigated the
potential predictive ability of BCR, which has been asso-
ciated with prolonged intensive care and mortality in
patients with critical illness. Because there are no BCR

reference intervals for the Chinese population, we
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P-value

0.298
0.086

95%ClI

| (reference)

Adjusted Model 3

OR

1.90 | 0.57-6.34
4.44 | 0.81-24.27

P-value

0.383

0.031

95%ClI

| (reference)

1.18-32.58

Adjusted Model 2

OR

1.70 | 0.52-5.58

6.20

P-value

0.242
<0.001

95%ClI

| (reference)

0.29-1.37

5.07-44.32

Adjusted Model |

OR

0.63

14.99

P-value

0.226

<0.001

95%ClI

| (reference)

0.33-1.30

3.79-25.91

Univariate Logistic

OR

0.65

9.91

No. Event (%)

167 (49.6)
115 (45.3)
12 (31.6)
40 (88.9)

Outcome

Table 2 Logistic Regression Analysis for Outcomes in Patients with COVID-19

Death

BUN:Cr ratio within normal range

BUN:Cr ratio lower than normal range

BUN:Cr ratio higher than normal range

Notes: Adjusted model |, adjusted for age, sex; adjusted model 2, adjusted model |+neutrophil count, platelet, lactic dehydrogenase, C-reactive protein, blood glucose, cardiovascular disease and diabetes; adjusted model 3, adjusted for

adjusted model 2+blood urea nitrogen.

Abbreviations: BUN, blood urea nitrogen; Cr, creatinine.

determined these in a cohort undergoing a routine medical
health check. Our findings are in line with previous studies
in other populations for evaluating the normal values of
BCR.?° Our analysis revealed clear gender differences in
age-related changes in BCR, which was accounted for
using linear regression analysis, and allowed us to create
a normal BCR range, independent of disease severity out-
comes. Other studies have used the severity of the disease
or quantiles of target parameters to create BCR groups,
which leads to relative results that may not be robust
recognized reference ranges for clinical practice.

In the present study, we showed several novel findings
regarding BCR both in the general population and in
patients who were hospitalized for COVID-19. Compared
with men, BCR was higher in women and gradually
increased with age. BCR was higher in COVID-19
patients compared with general population, and 35
(14.4%) of the patients with COVID-19 had an above
normal range of BCR. The proportion of critical COVID-
19 patients was also highest in those with above normal
range values. More generally, higher BCR was related to
the severity of COVID-19, and in a Kaplan—Meier analy-
sis, poorer survival and prognosis. In addition, we estab-
lished a nomogram including age, sex and BCR, which
can more intuitively assess an individualized COVID-19
patient’s risk of death. In particular, in the training cohort
and verification cohort, the c-index of the nomogram are
0.838 and 0.929, respectively. The diagnostic efficiencies
were a better comparison with BCR alone with AUC value
of 0.768 (0.717-0.819). DCA is a new method for evalu-
ating diagnostic tests, predictive models, and molecular
markers. This method can also be easily extended to
many commonly used applications for predictive model
performance measurement.”’ Therefore, DCA and CICA
were carried out in this study, which further showed that
our nomogram provided significant clinical net benefit,
which is of great value for accurate individualized assess-
ment of the incidence of severe COVID-19.

Many studies have reported an association between
BUN:creatinine ratio and worse prognosis of acute or
chronic heart failure.'®*° Elevated admission BUN:creati-
nine ratio is strongly associated with increased mortality of
renal dysfunction with decompensated heart failure and as
novel  biomarker of  critical illness-associated
catabolism.”** A recent study reported that the BCR was
associated with poorer survival outcomes in hospital-
acquired pneumonia and aspiration pneumonia, where the
AUC of predicting the 30-day mortality and 28-day
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Figure 4 Development and calibration curves of a prediction nomogram in patients with COVID-19. (A) The nomogram was developed in the training cohort for predicting
mortality, with the age, gender and BUN:creatinine ratio incorporated. (B) The calibration curve for the nomogram in the COVID-19 training cohort. (C) The calibration
curve for the nomogram in the COVID-19 validation cohort. Calibration curves depict the predicted probability of death compared well with the actual death.

mortality were less than 0.7.'%'* In this study, the AUC of
BCR predicting 0.768.
Especially, the above normal range of BCR had greater

in-hospital mortality was
predictive ability, with higher AUC values in predicting
mortality in patients with COVID-19 pneumonia. This
study is the first to focus on BCR as a prognostic factor
for viral pneumonia. Further, as BUN and creatinine are
routinely and rapidly measured in patients in a hospital
setting, BCR would be an easy-to-obtain routine indicator
and a useful early marker in COVID-19 patients, who
require rapid and timely decision making. In our study,

a nomogram was proposed and verified in accordance with

age, gender, and BCR, which had the ability to predict the
risk of death in a single patient. Both doctors and patients
can use this easy-to-use scoring system to personally pre-
dict the risk of COVID-19 death in a timely manner and
make early clinical decisions about patient treatment.
Nevertheless, this study has several limitations. First,
the study was conducted a single-center retrospectively,
and there is a need to validate our findings in an external
cohort. Second, the study sample size is not large enough
to sufficiently represent all COVID-19 patients. The num-
ber of patients classified as BCR higher than normal range
is small. Finally, the study does not have a long time
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Table 3 Baseline Characteristics of the Study Cohort
Variables Training Cohort (n=337) Validation Cohort (n=79) P-value
Gender 0.13
Male 184 (54.6) 51 (64.8)
Female 153 (45.4) 28 (35.2)
Age, years 66.0 (57.0-73.0) 63.0 (49.0-71.0) 0.05
Comorbidity® 0.13
Yes 168 (49.9) 47 (54.5)
No 169 (50.1) 32 (45.5)
BUN, mg/dL 152 (10.4-23.3) 14.2 (9.4-26.6) 0.72
BUN:creatinine ratio 17.8 (13.7-27.5) 17.0 (12.5-26.7) 0.68
Neutrophil count, x10%/L 4.7 (3.0-8.7) 3.7 (24-6.2) 0.0l
Platelet, mg/dL 200.0 (144.5-286.0) 181.0 (138.0-249.0) 0.15
Lactic dehydrogenase, U/L 330.0 (233.5-533.0) 294.0 (221.0-444.4) 0.10
C-reactive protein, mg/L 47.3 (7.9-108.9) 31.9 (7.5-73.9) 0.12
Blood glucose, mmol/L 6.7 (5.6-8.9) 6.6 (5.4-8.5) 0.61
Disease type 0.89
Common type 94 (27.9) 20 (31.8) 0.47
Severe type 137 (40.7) 34 (39.8) 0.88
Critical type 106 (31.5) 25 (28.4) 0.58

Note: *Comorbidity includes diabetes, hypertension, cardiovascular disease, cerebrovascular disease, chronic kidney disease, chronic obstructive pulmonary disease.
Abbreviation: BUN, Blood urea nitrogen.

A

ROC Curve

Sensitivity

AUC (95%Cl): 0.838 (0.795-0.880)

04 08 08

1 - Specificity

Sensitivity

m

ROC Curve

AUC (95%CI): 0.929 (0.869-0.989)

ROC Curve

08

086

Sensitivity

04

02'

04

1 - Specificity

06 08

AUC (95%CI): 0.768 (0.717-0.819)

04

1 - Specificity

06 08

8 Number high fsk o
s 2 Number high fsk with event| S Number high sk
| — Training cohort nomogra S s 21 Number high fsk with event
« Al =3 8
o 7 — None s 8 - 8
S @ 5 S 4
E] 5 ®
3 5
o 3 8 s s
& o1 = 2 ©
2 2 <
5 = k=]
o 5 = 4
E‘) o 3
- £ 2
Z 54 28 58
zZ &1
o
= r T T T T 1 e -
° 00 02 04 06 08 10 | | ‘ ! ' '
: ) e . . : 0.0 0.2 0.4 0.6 0.8 1.0
r ‘ | | | | High Risk Threshold High Risk Threshold
r — T T — 1
0.0 0.2 0.4 0.6 0.8 1.0 . - - - . - 2 " ! T ! § i ' ' i
1100 1525 Coss.t"‘Ben:ﬁ::Ra(ﬁ;z 51 1004 1100 15 225 34 43 52 51 100:1
High Risk Threshold . Cost:Benefit Ratio

Figure 5 The receiver-operating characteristics (ROC) curves analysis, decision curve analysis and clinical impact curve analysis of the nomogram in COVID-19 patients. (A)
ROCcurve analysis on the nomogram for in-hospital mortality in training cohort. (B) ROC curve analysis on the nomogram for in-hospital mortality in validation cohort. (C)
ROC curve analysis on the BUN:creatinine ratio for in-hospital mortality in training cohort. (D) The decision curves of the nomograms for predicting in-hospital mortality in
the training cohort was plotted. The y-axis represents the net benefit. The x-axis shows the threshold probability. The horizontal solid black line represents the hypothesis
that no patients experienced death, and the solid gray line represents the hypothesis that all patients met the endpoint. The clinical compact curves of the nomogram to
predict in-hospital mortality in training cohort (E and F) in validation cohort are shown.
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follow-up, and it is possible there may be poor outcomes
in those discharged from hospital who have normal levels
of BCR. These limitations aside, our work has derived
a set of normal ranges for BCR, and revealed its potential
prognostic value in COVID-19 patients.

Conclusions

BCR is an age- and gender-related bio-measure that varies
widely in the general Chinese population. The BCR was
a useful prognostic factor affecting the prognosis for patients
with COVID-19. We established a practical nomogram on
the grounds of age, sex and BCR, and internal cohort valida-
tion results demonstrate that the model can identify and
exactly predict the risk of COVID-19 death. The nomograms
should therefore help clinicians to improve individual treat-
ment, make clinical decisions timely and early. Overall, our
study shows that BCR may be an informative marker in
patients with COVID-19 disease monitoring.

Abbreviations

BCR, blood urea nitrogen-to-creatinine ratios; AUC, area
under the curve; DCA, decision curve analysis; CICA,
clinical impact curve analysis; BUN, blood urea nitrogen;
eGFR, CRP,
C-reactive protein; ROC, receiver operating characteristic.

estimated glomerular filtration rate;
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