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Can blood urea Nitrogen-to-Albumin
ratio predict mortality in patients with
moderate-to-severe COVID-19 pneumonia
hospitalized in the intensive care unit?
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SUMMARY

OBJECTIVE: Many laboratory parameters allow to follow up the course of the disease and reveal its clinical severity, particularly in patients
with coronavirus disease 2019 (COVID-19) pneumonia. In this study, we aimed to investigate the role of the blood urea nitrogen-to-albumin
ratio in predicting the mortality in COVID-19 patients with moderate-to-severe disease who are hospitalized in the intensive care unit.

METHODS: A total of 358 patients who were hospitalized in intensive care unit at our hospital between November 1, 2020 and May 15, 2021
were included in this study. During their course of intensive care, surviving patients were included in Group 1 and nonsurviving patients in Group 2.
RESULTS: There were no statistically significant differences between the two groups in terms of gender, smoking, and chronic obstructive
pulmonary disease rates. In multivariate logistic regression analysis, advanced age (OR 1.038, 95%CI 1.014-1.064, p=0.002), neutrophil-
to-lymphocyte ratio (OR 1.226, 95%CI 1.020-1.475, p=0.030), blood urea nitrogen-to-albumin ratio (OR 2.693, 95%Cl| 2.019-3.593,
p<0.001), and chest computed tomography severity score (OR 1.163, 95%Cl 1.105-1.225, p<0.001) values were determined as
independent predictors for in-hospital mortality.

CONCLUSION: In this study, we showed that the blood urea nitrogen-to-albumin ratio, which was previously shown as a predictor of

mortality in patients with various pneumonia, was an independent predictor of mortality in patients with COVID-19 pneumonia.
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INTRODUCTION

Besides respiratory and gastrointestinal problems, coronaviruses may
also cause neurological and visceral organ damage. The coronavirus
disease 2019 (COVID-19), which emerged in Wuhan, China, at the
end of 2019, caused a pandemic'. Due to this, millions of people
lost their lives, and the entire world is affected for more than a year’.

With the COVID-19 pandemic, it has become especially
important to predict morbidity and mortality in patients.

Treatment of vulnerable groups, such as those with moderate
and severe disease, will play a key role in the management of
the “health crisis” caused by the pandemic. Many laboratory
parameters, such as C-reactive protein, fibrinogen, troponin,
ferritin, and Dp-dimer, allow to follow up the course of the
disease and reveal its clinical severity, particularly in patients
with COVID-19 pneumonia®. One of the most important of
these is albumin. Synthesized by the liver, it plays an important

'University of Health, Bursa Yuksek Ihtisas Training and Research Hospital Sciences, Department of Anesthesiology and Reanimation — Bursa, Turkey.
2University of Health Sciences, Bursa Yuksek lhtisas Training and Research Hospital, Department of Cardiovascular Surgery — Bursa, Turkey.
3University of Health Sciences, Bursa Yuksek lhtisas Training and Research Hospital, Department of Radiology — Bursa, Turkey.

*Corresponding author: tturkon@hotmail.com

Conflicts of interest: the authors declare there are no conflicts of interest. Funding: none.

Received on June 28, 2021. Accepted on August 15, 2021.

1421

Rev Assoc Med Bras 2021;67(10):1421-1426


http://orcid.org/0000-0003-2472-1681
http://orcid.org/0000-0001-8098-4393
http://orcid.org/0000-0003-2418-5823
http://orcid.org/0000-0002-8205-1850
http://orcid.org/0000-0002-1105-5862
http://orcid.org/0000-0003-1668-020X
https://doi.org/10.1590/1806-9282.20210610
mailto:tturkon@hotmail.com

An inflammatory marker to predict COVID-19 mortality

role in maintaining the osmotic pressure as well as in the trans-
port of many vital substances®. In a study, it was shown that
it may be a predictor of mortality in hospitalized COVID-19
patients’. In addition, the amount of urea absorbed by the kid-
neys causes an increase in blood urea nitrogen (BUN) levels.
This can also show dehydration, a common condition among
patients with pneumonia, and indicate a poor prognosis®. In the
light of this information, the ratio of blood urea nitrogen-to-al-
bumin (B/A) appears to be an important prognostic marker.
In a recent study, it was shown that it may be a predictor of
mortality in patients with aspiration pneumonia’.

In this study, we aimed to investigate the role of the B/A
ratio in predicting mortality in COVID-19 patients with mod-
erate-to-severe disease who are hospitalized in the intensive
care unit (ICU).

METHODS

Patients with moderate and severe COVID-19 pneumonia hos-
pitalized in the ICU between November 1, 2020 and May 15,
2021 were consecutively included in this study. The real-time
polymerase chain reaction (RT-PCR) tests of nasal and pha-
ryngeal swab samples of all patients included in the study were
found positive. Demographic data of all patients (e.g., age, the
presence of hypertension, diabetes mellitus, coronary artery dis-
ease) and laboratory parameters at the time of admission were
noted. Intubated patients admitted to the ICU and patients
with critical disease, malignancy, known systemic inflamma-
tory disease, liver failure, and serum creatinine values above 2
mg/dL were excluded from the study. Involvement rates were
calculated by evaluating the thorax tomography images of all
patients at the time of admission. During their course of inten-
sive care, surviving patients were included in Group 1 and non-
surviving patients in Group 2.

Indications for hospitalization in the ICU of all patients
were in line with the recommendations of the scientific com-
mittee of our country®. Chest Computed Tomography Severity
Score (CT-SS) scoring, which was developed by Yang et al.?,

was utilized to assess chest CT images.

Statistical analysis
In this study, SPSS version 21.0 (IBM Statistical Package for
the Social Sciences Statistic Inc., Chicago, IL, USA) program
was utilized to analyze the data. “Kolmogorov-Smirnov test
and Shapiro-Wilk test” were used for normality distribution
analysis. Student’s # test was used for the data presenting nor-
mal distribution and Mann-Whitney U test for those that did
not conform to normal distribution. These data were shown

as meantstandard deviation or as mean (interquartile range,

25th percentile-75th percentile). Categorical variables were
shown as frequency and percentage, and “chi-square test” was
used for analysis. Multivariate binary logistic regression anal-
ysis was utilized to analyze mortality predictors. A p<0.05 was
accepted statistically significant. In predicting in-hospital mor-
tality, receiver operating characteristics (ROC) curve analysis was
performed in order to calculate neutrophil-to-lymphocyte ratio
(NLR), CT-SS, B/A ratio, and area under the curves (AUCs).
Spearman correlation analysis was utilized to assess a possible
linear association between B/A ratio and CT-SS.

RESULTS

A total of 358 patients were included in the study. Those who
did not develop in-hospital mortality were included in Group
1 (n=209, median age=48 [39-61.5] years) and those who did
were in Group 2 (n=149, median age=66 [50.5-77] years).
There were no statistically significant differences between the
two groups in terms of gender, smoking, and chronic obstruc-
tive pulmonary disease rates. Age, diabetes mellitus, hyper-
tension, and coronary artery disease rates were significantly
higher in Group 2 compared to Group 1 (p<0.001, p=0.002,
p=0.030, and p<0.001, respectively). Also admission CT-SS
of the patients was higher in group 2 (p<0.001). Demographic
characteristics of all patients are presented in Table 1.

Preoperative blood values of the patients are provided in
Table 1. The two Groups were similar in terms of white blood
cell and platelet values. In Group 2, while neutrophil counts,
NLR, ferritin, troponin I, p-dimer, fibrinogen, C-reactive
protein, blood urea nitrogen, creatinine, and B/A ratio val-
ues were significantly higher (p<0.001, p<0.001, p<0.001,
p<0.001, p=0.001, p=0.006, p<0.001, p<0.001, p<0.001,
and p<0.001 respectively), hemoglobin, lymphocyte, and
albumin values were significantly lower (p=0.009, p<0.001,
and p<0.001, respectively).

Multivariate logistic regression analysis was performed to
evaluate the predictive value of certain parameters in terms of
in-hospital mortality. In this analysis; advanced age (OR 1.038,
95%CI 1.014-1.064, p=0.002), NLR (OR 1.226, 95%CI
1.020-1.475, p=0.030), B/A ratio (OR 2.693, 95%CI 2.019—
3.593, p<0.001), and CT-SS (OR 1.163, 95%CI 1.105-1.225,
p<0.001) values were determined as independent predictors for
in-hospital mortality (Table 2).

ROC curve analysis was performed to evaluate B/A ratio,
NLR, and CT-SS in predicting mortality. The cutoff value of
B/A ratio was 3.4 (AUC 0.823, 95%CI 0.777-0.870, p<0.001,
with 74.5% sensitivity and 75.6% specificity) and that of NLR
was 2.73 (AUC 0.749, 95%CI 0.696-0.802, p<0.001, with
68.5% sensitivity and 70.8% specificity) and CT-SS was 13.5
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(AUC 0.754, 95%CI 0.702-0.805, p<0.001, with 63.8% sen-
sitivity and 77.5% specificity) (Figure 1).
There was a mild positive correlation between B/A ratio

and CT-SS (r=0.230, p<0.001).

DISCUSSION

In this study, we showed that the B/A ratio is an independent
predictor of mortality in patients with moderate-to-severe
COVID-19 pneumonia hospitalized in the ICU. In addition,
we found that CT-SS, advanced age, and NLR values were
independent predictors of mortality. There was also a mild
correlation between CT-SS and B/A ratio.

Serum albumin is an acute-phase reactant with antioxi-

dant properties. It plays a significant role in the destruction

of free oxygen radicals synthesized during oxidative stress'®'".

COVID-19 disease also induces an oxidative stress state in
humans, and a study showed that low albumin can predict the
severity of the disease'?. In another study conducted on 319
hospitalized COVID-19 patients, Violi et al.” investigated the
effect of albumin on mortality. The authors proposed the idea
that albumin levels could be used to distinguish COVID-19
patients with elevated mortality risk’. Li et al. investigated the
effect of albumin on clinical outcomes in 134 COVID-19
patients and found low albumin levels to be significantly asso-
ciated with pneumonia severity as well as mortality in patients
with critical disease’. In our study, albumin values were sig-
nificantly lower in nonsurviving patients.

BUN value is an important indicator of dehydration sta-

tus and is known to be associated with poor clinical outcomes

Table 1. Demographic features and admission clinic data and laboratory values of the patients.

Group 1 Group 2
n=209 n=149
(Survivors) (Nonsurvivors)
Age 48 (39-61.5) 66 (50.5-77) <0.001°
Male/female gender 82/127 66/83 0.338°
Smoking, n (%) 52 (24.9) 50 (33.6) 0.0732
Hypertension, n (%) 56 (26.8) 56 (37.6) 0.0302
Coronary artery disease, n (%) 23(11) 39 (26.2) <0.001°
Diabetes mellitus, n (%) 33(15.8) 44 (29.5) 0.0022
COPD, n (%) 13(6.2) 14 (9.4) 0.2622
CT-SS 11 (9-13) 17 (12-22) <0.001°
WBC (103%mm?) 5.89 (4.66-7.28) 6.09 (4.66-8.47) 0.088°
Hemoglobin (g/dL) 13.1(11.8-14.1) 12.6 (11.2-13.7) 0.009°
Platelet (10/mm?) 215 (173-253) 224 (164.5-316.5) 0.085°
Neutrophil (103/mm?) 3.4 (2.5-4.4) 4.3(3.2-6.2) <0.001°
Lymphocyte (103/mm3) 1.7 (1.2-2.2) 1.1(0.8-1.4) <0.001°
Neutrophil-to-lymphocyte ratio 2.1(1.3-2.9) 3.7 (2.3-6.9) <0.001°
Ferritin (mg/L) 144 (70-295.2) 275 (135-433.4) <0.001°
Troponin | (mg/L) 3.14 (1-7.49) 5(3-13) <0.001°
p-Dimer (ng/mL) 0.53(0.3-1.04) 0.81(0.53-1.36) 0.001°
Fibrinogen (mg/dL) 415 (310.5-550) 508 (357.5-650) 0.006°
Albumin (g/dL) 3.9(3.6-4.2) 3.75 (3.5-4) <0.001°
C-reactive protein (mg/L) 11.3(3.4-49.6) 40 (11.6-82.6) <0.001®
BUN (mg/dL) 10.8 (8.9-12.6) 17.8 (12.5-23.1) <0.001°
Creatinine (mg/dL) 0.77 (0.64-0.96) 1.03 (0.7-1.39) <0.001°
B/A ratio (mg/qg) 2.77 (2.23-3.39) 4.69 (3.38-6.42) <0.001°

COPD: chronic obstructive pulmonary disease; CT-SS: Computed Tomography Severity Score; WBC: white blood cell; BUN: blood urea nitrogen;

B/A: BUN/albumin. 22 test. "Mann-Whitney U test. Data are expressed as median and interquartile range (25th-75th percentile).
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in patients with heart failure and community-acquired pneu-
monia'*. The study on 337 COVID-19 patients performed
by Liu et al. showed that high BUN values may be associated
with mortality'®. Cheng et al. investigated the importance of
BUN and p-dimer values in predicting in-hospital mortality
in 305 COVID-19 patients.

BUN values were significantly higher among nonsurvi-
vors (p<0.0001)".

In the light of this information about BUN and albumin,
an increase in BUN values and a decrease in albumin values,
which results in an increased B/A ratio, appear as important
prognostic markers. In recent studies, B/A ratio was shown to
be a mortality predictor for various diseases'®". In a study on
175 patients with community-acquired pneumonia, Ugajin
et al.!? investigated the effect of the B/A ratio on clinical out-
comes and identified the B/A ratio as an independent pre-
dictor of ICU need (OR 1.27, 95%CI 1.09-1.47, p=0.002)
and mortality (OR 1.10, 95%CI 1.01-1.20, p=0.037)". In a
recent study, Ryu et al.” investigated the prognostic role of the
B/A ratio among 443 patients with aspiration pneumonia and
concluded that B/A>7 was an independent predictor of 28-day
mortality (OR 3.40, 95%CI 1.87-6.21, p<0.001). In our study,
we determined that the B/A ratio is an independent predictor
of mortality in patients with COVID-19 pneumonia needing
intensive care.

An increase in the neutrophil ratio and a decrease in the
lymphocyte ratio, resulting in elevated NLR, play a significant
role in the progression and prognosis of various diseases®*?'.
In addition, lymphopenia is the most common hematological

finding, seen at a rate of 83% among hospitalized COVID-19
patients®. In a meta-analysis of 38 currently published articles,
including 5699 patients with severe disease and 6033 nonsur-

viving patients, high NLR values were shown to be associated

Figure 1. Data of the area under the curve, confidence
interval, and cutoff values in receiver operating characteristic
curve analysis for blood urea nitrogen-to-albumin ratio
(cutoff 3.4, AUC 0.823, 95%CI1 0.777-0.870, p<0.001, with
74.5% sensitivity and 75.6% specificity), NLR (cutoff 2.73,
AUC 0.749, 95%CI 0.696-0.802, p<0.001, with 68.5%
sensitivity and 70.8% specificity) and CT-SS (cutoff 13.5,
AUC 0.754, 95%CI 0.702-0.805, p<0.001, with 63.8%
sensitivity and 77.5% specificity).

Table 2. Multivariate logistic regression analysis to identify factors affecting in-hospital mortality.

Multivariate analysis
Exp(B) odds ratio 95%Cl Lower-Upper
Age

0.002 1.038 1.014-1.064
Hypertension 0.142 1.810 0.820-3.995
Diabetes mellitus 0.307 0.645 0.279-1.494
Hemoglobin 0.656 0.962 0.813-1.139
Troponin | 0.070 0.983 0.964-1.001
Creatinine 0.237 2.065 0.620-6.872
p-Dimer 0.366 1.015 0.983-1.047
Fibrinogen 0.959 1.000 0.999-1.002
C- reactive protein 0.170 0.995 0.987-1.002
Neutrophil-to-lymphocyte ratio 0.030 1.226 1.020-1.475
B/A ratio <0.001 2.693 2.019-3.593
CT-SS <0.001 1.163 1.105-1.225

CT-SS: Computed Tomography Severity Score; B/A: blood urea nitrogen/albumin.
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with disease severity and mortality®. In our study, a high NLR
value was an independent predictor of mortality, in line with
the literature.

The most important limitation of our study is its sin-
gle-center and retrospective design. In addition, the number
of patients was sparse. Evaluations were made by considering
the clinical parameters of the patients at the time of admission
to the ICU. These dynamic parameters may change hourly or
daily during patient follow-ups. Our study needs to be sup-
ported with prospective multicenter studies, including clinical

follow-up parameters.

CONCLUSIONS

This is the first study to show that the B/A ratio, which was
previously shown as a predictor of mortality in patients with
various pneumonia, was an independent predictor of mortality
in patients with COVID-19 pneumonia. In addition, unlike

many mortality studies, we calculated the CT-SS values of all
patients and showed a slightly positive correlation between the
B/A ratio and CT-SS.
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