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Abstract

Introduction: On December 31, 2019, China reported cases of pneumonia of unknown
etiology in the city of Wuhan, Hubei Province of China. With further investigations, the
Chinese health authorities, on 7" January 2020 reported the agent as the novel Coronavirus,
2019-nCOV. Initially, Wuhan and later the entire Hubei province was brought under stringent
lockdown.

Materials and Methods: This retrospective record analysis study involving laboratory
investigations was carried out in a single center in the months of June and July 2022. The
ethical clearance for this single-centre study was obtained from the Institutional Ethics
Committee (IEC). This study included 112 patients, of ages more than or equal to 18 years,
who were confirmed cases of COVID-19 with at least one reverse transcriptase polymerase
chain reaction test positive and admitted for inpatient treatment for a minimum of 8 days or
longer in the wards or ICU between May 2020 to March 2022.

Results: A total of 112 patients who had a positive RT PCR test were identified and included
in the study after excluding patients who had sought discharge against medical advice, who
had been referred to other hospitals and patients with a history of chronic renal failure. The
mean age of patients included was 60.25 + 15.66. Among these patients 76 (67.9%) were male
and 36 (32.1%) were female. Of the 112 patients, 47 patients (42%) survived of which
21(32.3%) were male, 15(31.9%) were female and 65 patients (58%) did not survive, of which
44(67.7%) were male and 21(32.3%) were female.

Conclusion: Through this study, we can see that all the parameters considered ie. Serum
Albumin, Serum Blood urea nitrogen (BUN), D dimer, BUN/Albumin ratio (BAR) and D
dimer/Albumin ratio (DAR) are very solid indicators of predicting the outcome of admitted
COVID-19 patients.
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Introduction

On December 31, 2019, China reported China. [1] With further investigations, the
cases of pneumonia of unknown etiology in Chinese health authorities, on 7th January
the city of Wuhan, Hubei Province of 2020 reported the agent as the novel Corona
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virus, 2019-nCOV. [2] Initially Wuhan and
later the entire Hubei province was brought
under stringent lockdown. Though the virus
was initially limited to China, as it was
highly contagious compared to the already
known strains, it started spreading all
around the world. [3] Later, the WHO
officially named the virus as COVID-19
virus and the disease caused by it as
COVID-19.[4] According to  the
preliminary information, there was no
significant evidence of human to human
transmission.[1] Currently it has been
accepted that the possible modes of
transmission are droplet, contact, airborne,
faeco oral, fomites, blood borne, animal to
human and mother to child. [5] On 11th
March,2020, WHO declared the COVID-
19 outbreak as a pandemic as the cases
outside China had increased by 13 times
and the number of countries with COVID
cases had increased 3 times. [6] On 30th
January 2020, the first COVID case was
reported from Kerala, India and the patient
had a travel history to Wuhan City, China.
[7] As on 17th October 2022, India reported
26,834 active cases, 4,40,75,149 discharges
and 5,28,905 deaths. [8] The symptoms of
COVID-19 include fever or chills, cough,
shortness of breath or breathing difficulties,
fatigue, muscle or body aches, headache,
new loss of taste or smell, sore throat,
congestion oOr runny nose, nausea,
vomiting, diarrhea. [9] Though most
infected people will develop mild to
moderate illness and recover without
hospitalization, the case fatality rate varies
2%-30% worldwide. [10] There is no
proven anti-viral drug as yet to combat this
virus, which makes timely diagnosis and
assessment of severity of COVID-19
patients to determine the best possible
management by the health care providers
all the more important. Thus there is a need
for accessible biomarkers that can easily
and quickly predict the outcome of
COVID-19 patients in the emergency
department. In this study we have proposed
using lab parameters like blood urea
nitrogen (BUN), Albumin and D dimer
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which are easy and quick to analyze not just
in big tertiary care centers but also in
remote areas and are also cost effective.
Here, in this study we aim to analyze and
compare the predictive power of BUN to
Albumin ratio (BAR) and D dimer to
Albumin ratio (DAR) in determining the
outcome of hospitalized COVID-19
patients.

Potential benefits

This study aims at analyzing the mild cases
admitted in wards which later becomes
severe, to predict severity and mortality-
predictive value of BUN/Albumin ratio and
D dimer/albumin ratio. The estimation of
BUN, Albumin and D dimer is cheaper, not
requiring technologically advanced
laboratory set-up, that can be used even in
the peripheral health centers. Early analysis
of patient details who may require HDU
CARE at admission or during hospital stay
at a later date and to predict prognosis may
alert in future to predict mortality. It is
important for a physician to plan the course
and place of treatment when the resources
are limited. There has been no study
published on this topic to the best of our
knowledge.

Review of Literature

We did a thorough search for articles on
major platforms for compiling the work
done till now on the various parameters that
we have chosen to predict outcomes in
COVID-19 patients.

Albumin, a blood protein, negative acute
phase reactant used to assess malnutrition is
decreased in pneumonia, acute coronary
syndrome, pancreatitis and geriatric
patients with mortality. [11] Studies have
also shown decreased albumin levels in
COVID-19 patients with mortality. [11]
Violi et al. took a sample size of 319
COVID-19 patients, of which 64 had died,
to study the impact of Serum Albumin on
the survival of COVID-19 patients. They
reported that Serum Albumin values have
an independent association with mortality
in COVID-19 patients, irrespective of the
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adjustment for various other parameters
and that it was significantly lower among
the non survivors compared to the
survivors. [11] They also reported getting
an odd’s ratio of 2.48 in predicting
mortality among COVID-19 patients when
the cut off was taken as <3.2 g/dL. [11] A
meta-analysis conducted by Aziz et al
which included [11] studies, demonstrates
the relationship of mortality in COVID-19
patients with low Albumin. [12] Huang et
al. had a sample size of 299 COVID-19
patients of whom 106 patients had
hypoalbuminemia and they reported that
hypoalbuminemia can be an independent
predictor of mortality in COVID-19
patients. [13]

Blood urea nitrogen (BUN) levels are used
to evaluate kidney function, hypovolemia
and high BUN levels are seen in
pneumonia, chronic obstructive pulmonary
disease, pancreatitis, acute myocardial
infarction, heart failure, sepsis and geriatric
patients with mortality. [14] Studies have
shown a higher BUN level in COVID-19
patients is associated with mortality.
Kiiciikceran et al. have reported that they
obtained an odds ratio of 7.048 in
predicting mortality among COVID-19
patients by taking BUN values of
>16.05mg/dL as cut off and have reported
that BUN can be an independent indicator.
Cheng et al. have also reported similarly
and they obtained an AUC value of 0.88 to
predict mortality among COVID-19
patients. [15] Ok et al. reported that BUN
values can predict severity of COVID-19
with an AUC value 0of 0.790. [16] Arihan O
et al. have reported that high levels of BUN
have a solid correlation with mortality
among severely ill patients. [17]

Studies have found the severity and
mortality-predictive power of
BUN/albumin ratio (BAR) in geriatric and
pneumonia patients to be higher than those
of BUN and albumin. [18] Studies have
shown BAR value to be higher in COVID
19 patients with mortality. [19] Kii¢iikceran
et al. have reported that BAR can be
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considered a better indicator for predicting
mortality in COVID-19 patients than BUN
or albumin levels alone. [19] They achieved
an odd’s ratio of 10.45 while considering a
cut off of 3.9mg/g for BAR. [19] Singh et
al. have reported that hypoalbuminemia can
be a better predictor of mortality of COVID
patients than BAR or BUN, though BAR
comes out as a reliable indicator too with an
AUC value of 0.695 and odd’s ratio of 3.75,
with a cut off of 6.23mg/g. [20] Dundar et
al. have reported that BUN values with a cut
off > 23 mg/dL, albumin values with a cut
off < 3.5 g/dL, and BAR values with a cut
off > 6.25 mg/g among elderly patients in
the Emergency Department have a greater
risk of mortality. [18] Gao et al. have
reported that old age can be a risk factor for
severity and outcome of COVID-19
patients. [21] Gemcioglu wt al. have also
reported that BAR can be an independent
predictor of severity of COVID-19 patients.
[22] Ryu et al. have reported that BAR can
be considered to predict mortality among
patients of aspiration pneumonia and they
obtained an AUC value of 0.70 with an
odd’s ratio of 3.40 with a cut off of
7.0mg/g. [23] Feng et al. have reported low
survival among patients with hospital
acquired pneumonia who had an elevated
BAR with a cut off of 0.165mg/g. [24]
Huang et al. have reported that high BAR
can be an independent predictor of critical
illness in COVID patients, with an AUC
value of 0.821 and a cut off of 3.7887mg/g.
[25]

D dimer levels are used to assess
coagulopathy in patients. Studies have
shown the elevation of D dimer levels in
COVID-19 patients with mortality. [26]
Yao et al. have reported that the D dimer
levels were significantly higher among the
non survivors than the survivors. They
obtained an AUC value of 0.85 and
reported a cut off value of > 2.14 mg/L for
predicting the mortality among COVID-19
patients. [26] Zhou et al., who took a
sample size of 191 patients of which 54
died, have reported that they achieved an
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odd’s ratio of 20.04 while taking >1 pg/mL
as the cut off for D dimer, to predict the
mortality of COVID-19 patients. [27]
Zhang et al., on studying a sample size of
343 patients with COVID-19 reported that
D dimer can predict mortality among
COVID-19 patients, after obtaining an
AUC value of 0.89. [28] Elevated D dimer
levels are seen in a state of
hypercoagulation. [29] COVID-19 has
been reported to cause hypercoagulation,
which in turn causes increased risk of
formation of microthrombi and thus organ
failure following inflammation. [30]

There haven’t been many studies on DAR
as yet. Studies have shown the severity and
mortality  predictive power of D
dimer/Albumin ratio (DAR) in COVID-19
patients [31] although there aren’t many of
them. Kiiclikceran et al. have reported DAR
is a good predictor of mortality risk among
COVID-19 patients with an AUC 0.773 and
an odd’s ratio 7.898 with the cut off as
>56.36. [32]

Aims and Objectives

e To study the utility of BUN, serum
albumin, D dimer, BUN/Albumin ratio
(BAR), D dimer/Albumin ratio (DAR)
for prediction of severity among
patients having COVID-19 infection.

e Tocompare BUN/Albumin ratio (BAR)
and D dimer/Albumin ratio (DAR) for
prediction of outcomes of hospitalized
COVID-19 patients.

Materials and Methods

This retrospective record analysis study
involving laboratory investigations was
carried out in a single center in the months
of June and July 2022. The ethical
clearance for this single center study was
obtained from the Institutional Ethics
Committee (IEC).This study included 112
patients, of ages more than or equal to 18
years, who were confirmed cases of
COVID-19 with at least one reverse
transcriptase polymerase chain reaction test
positive and admitted for inpatient
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treatment for a minimum of 8 days or
longer in the wards or ICU between May
2020 to March 2022. Patients who had
sought discharge against medical advice,
who had been referred to other hospitals
and patients with a history of chronic renal
failure were excluded. The patients were
categorized as survivors and non survivors
based on whether the patient was
discharged or had in hospital mortality.
They were also categorized as mild,
moderate and severe based on the
guidelines issued by the Ministry of Health
and Family Welfare, Government of
India.*? Mild patients are those with upper
respiratory tract symptoms and/or fever
without shortness of breath or hypoxia.
Moderate patients are those having
respiratory rate > 24/min, breathlessness
and/or spO2 90% - <93% on room air.
Severe patients are those with respiratory
rate >30/min, breathlessness and/or spO:
<90% on room air.

Collection of Data

The following data of the patients were
recorded from the medical records using the
hospital information management system
program: Serum BUN, Serum Albumin,
Serum D dimer. These analytes were
measured on Ortho Clinical Diagnostics
VITROS5600 autoanalyser in the Clinical
Biochemistry Section of the Diagnostic
Laboratory of the Institute. Colorimetric
analysis was used to determine the above
mentioned lab parameters. Serum Albumin
was recorded using Bromocresol Green
(BCG) method, Serum BUN was recorded
using Urease method, Serum D dimer was
recorded using  Immunoturbidimetry
method. In addition patient complaints
(fever, cough, shortness of breath),
comorbidities and hospital outcome
(discharge or in-hospital exitus) were also
recorded.

Statistical Analysis

Statistical Methods: Descriptive and
inferential statistical analysis has been
carried out in the present study. Results on
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continuous measurements are presented on
Mean SD (Min-Max) and results on
categorical measurements are presented in
Number (%). Significance is assessed at 5
% level of significance. The following
assumptions on data is  made,
Assumptions: 1. Dependent variables
should be normally distributed, 2. Samples
drawn from the population should be
random, Cases of the samples should be
independent The one-way analysis of
variance (ANOVA) is employed to
determine  whether there are any
statistically significant differences between
the means of three or more independent
(unrelated) groups. The one-way ANOVA
compares the means between the groups
you are interested in and determines
whether any of those means are statistically
significantly different from each other.
Specifically, it tests the null hypothesis:

Ho:pty = fp = pg = = Uy,

Where u = group mean and k& = number of
groups. If, however, the one-way ANOVA
returns a statistically significant result, we
accept the alternative hypothesis (Ha),
which is that there are at least two group
means that are statistically significantly
different from each other.

Assumptions for ANOVA test:

1. The dependent variable is normally
distributed in each group that is being
compared in the one-way ANOVA

2. There is homogeneity of variances. This
means that the population variances in
each group are equal.

3. Independence of observations.

Student t test (two tailed, independent) has
been used to find the significance of study
parameters on continuous scale between
two groups (Inter group analysis) on metric
parameters. Leven's test for homogeneity
of variance has been performed to assess
the homogeneity of variance. A t-test is a
statistical test that is used to compare the
means of two groups. It is often used in
hypothesis testing to determine whether a
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process or treatment actually has an effect
on the population of interest, or whether
two groups are different from one another
with the null hypothesis (Ho) is that the true
difference between these group means is
zero and the alternate hypothesis (Ha.) is that
the true difference is different from zero.
Chi-square/ Fisher Exact test has been used
to find the significance of study parameters
on categorical scale between two or more
groups, Non-parametric  setting for
Qualitative data analysis. Fisher Exact test
used when cell samples are very small.

Statistical software

The Statistical software namely SPSS 22.0,
and R environment ver.3.2.2 were used for
the analysis of the data and Microsoft word
and Excel have been used to generate
graphs, tables etc.

Observations and Results

A total of 112 patients who had a positive
RT PCR test were identified and included
in the study after excluding patients who
had sought discharge against medical
advice, who had been referred to other
hospitals and patients with a history of
chronic renal failure. The mean age of
patients included was 60.25 + 15.66.
Among these patients 76 (67.9%) were
male and 36 (32.1%) were female. Of the
112 patients, 47 patients (42%) survived of
which 21(32.3%) were male, 15(31.9%)
were female and 65 patients (58%) did not
survive, of which 44(67.7%) were male and
21(32.3%) were female. When grouped
according to severity on admission 55
patients (49.1%) were mild, out of which
30(63.8%) patients survived and 25(38.5%)
patients did not, 27 patients (24.1%) were
moderate, out of which 8(17%) patients
survived and 19(29.2%) patients did not
and 30 patients (26.8%) were severe, out of
which 9(19.1%) patients survived and
21(32.3%) patients did not. On considering
the co-morbidities it was found that 67
patients were known cases of Diabetes
Mellitus of which 23(48.9%) survived and
44(67.7%) did not. 60 patients had
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hypertension of which 18(38.3%) survived
and 42(64.6%) did not. 48 patients (42.9%)
had other co morbidities like cardiovascular
disease, cerebrovascular disease,
hypothyroidism, pulmonary disease. On
analyzing the lab parameters recorded the
mean Albumin g/dL, D dimer pg/dL FEU,
Blood Urea Nitrogen BUN mg/dL, Serum
Creatinine mg/dL, BUN Albumin Ratio
mg/g(BAR), D- dimer Albumin ratio pg
/g(DAR) were found to be 2.71+0.47,
423.93+385.69, 26.48+15.88, 1.71+0.74,
9.77£7.31, 151.24+139.52 respectively.
The average number of days the patients
were admitted was found to be 11.78+5.72.
No establishing differences were found in
the age, co-morbidities, gender or the
complaints of patients between the
survivors and non survivors group.

Table 1 shows the detailed features of the
patients.

The mean Albumin g/dL value was found
to be significantly lower in the non-survivor
group compared to the survivor group (non-
survivor 2.96+0.38; survivor 3.23+0.40).

e-ISSN: 0975-1556, p-ISSN: 2820-2643

The mean D dimer pg/dL FEU was found
to be significantly higher in the non-
survivor group compared to the survivor
group  (non-survivor  607.25+407.32;
survivor 170.40+122.36). The mean blood
urea nitrogen (BUN) mg/dL was found to
be higher in the non-survivor group
compared to the survivor group (non-
survivor 28.02+16.17; survivor
24.34+15.38).

The mean BUN Albumin Ratio (BAR)
mg/g was found to be higher in the non-
survivor group compared to the survivor
group (non-survivor 10.12+7.07; survivor
9.29+7.67). The mean D dimer Albumin
Ratio (DAR) pg /g was found to be
significantly higher in the non-survivor
group compared to the survivor group (non-
survivor 212.06+£148.24; survivor
67.13+62.80).

Table 2 shows the comparison of clinical
variables according to outcome of patients
studied Table 3 shows the Comparison of
clinical/study variables according to
SEVERITY of patients studied

Table 1: Features of the participants

Patient Characteristics

Normal range

No. of patients (n) 112

Age- mean+SD 60.25+15.66

Gender- n (%)

Male 76 (67.9%)

Female 36 (32.1%)

Diabetes Mellitus 67(59.8%)

Hypertension 60(53.6%)

Other Comorbidities - cardiovascular disease, 48(42.9%)

cerebrovascular disease, hypothyroidism, pulmonary

disease)

Laboratory Investigations

Blood Urea Nitrogen BUN mg/dL. mean+SD 26.48+15.88 |6-23 mg/dL
Albumin g/dL. mean+SD 2.71+0.47 3.5-5.2 g/dL

D dimer pg/dL FEU or mg/L mean+SD

423.93+385.69|<0.5 pg/mL FEU

Serum Creatinine mg/dL mean+SD

1.71+0.74 0.45-1.10 mg/dL

BUN Albumin Ratio mg/g(BAR) mean+SD

9.77+£7.31

D- dimer Albumin ratio ug /g(DAR) mean+SD

151.24+139.52

Outcome

Survivors, N (%) Mild 30(63.8%)
Moderate 8(17%)
Severe 9(19.1%)
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Non-Survivors, N (%)

Mild
Moderate
Severe

25(38.5%)
19(29.2%)
21(32.3%)

Severity on admission (based on respiratory rate and

Sp0O2)

Mild- n (%)

55(49.1%)

Moderate- n (%)

27024.1%)

Severe- n (%)

30(26.8%)

Length of stay in hospital (days)

11.78

Table 2: comparison of clinical variables according to outcome of

atients studied

Severity QOutcome Total (n=112) P value
Survivors Non survivors
(n=47) (n=65)
Mild 30(63.8%) 25(38.5%) 55(49.1%) Mild
Moderate 8(17%) 19(29.2%) 27(24.1%) Moderate
Severe 9(19.1%) 21(32.3%) 30(26.8%) Severe
Age in years 55.21+16.24 63.89+14.40 60.25+15.73 Age in years
Spo2% 93.94+5.47 90.40+7.98 91.88+7.23 Spo2%
RR 22.98+6.30 26.80+6.59 25.20+6.71 RR
No. of days of 10.57+3.97 12.65+6.6 11.78+5.72 No. of days of
admission admission
DM 23(48.9%) 44(67.7%) 44(67.7%) DM
HTN 18(38.3%) 44(67.7%) 44(67.7%) HTN
Serum Creatinine | 1.21+0.39 2.08+0.72 1.71+0.74 Serum Creatinine
(mg/dl) (mg/dl)
BUN mg/dL 24.34+15.38 28.02+16.17 26.484+15.88 BUN mg/dL
Albumin(mg/dl) | 3.23+0.40 2.96+0.38 2.71+0.47 Albumin(mg/dl)
D dimer pg/dL 170.40+122.36 | 607.25+407.32 | 423.934+385.69 | D dimer pg/dL
FEU FEU
DAR ng/g 67.13+62.80 212.06+148.24 | 151.24+139.52 | DAR pg/g
BAR mg/g 9.2947.67 10.12+7.07 9.77+7.31 BAR mg/g
Table 3: Comparison of clinical/study variables according to SEVERITY of patients
studied
Variables Mild Mod Severe Total P value
Mild Moderate Severe Mild
Serum Creatinine |1.50+0.70 |1.77+0.69 2.04+0.76 Serum Creatinine |1.50+0.70
(mg/dl) (mg/dl)
BUN mg/dL 19.11+13.1 |31.66+13.71 |35.31£16.37 BUN mg/dL 19.11£13.1
Albumin 3.21+£0.42 |2.90+0.46 2.66+0.52 Albumin 3.21+0.42
(g/dl) (g/dl)
D dimer pg/mL |1.33£1.16 |5.83+2.79 8.15+3.63 D dimer pg/mL |1.33£1.16
FEU FEU
D dimer pg/dL  |132.60+116 |582.85+278.97|815+363.13 D dimer pg/dL  [132.60+116
FEU FEU
DAR ng/g 44.17+44.03|204.17+101.6 |299.91+120.12 DAR nug/g 44.17+44.03
BAR mg/g 6.33+£5.46 11.92+6.74 14.15+£7.84 BAR mg/g 6.334+5.46
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Receiver Operating Curve analysis was
performed to determine the predictive
power of DAR and BAR in predicting the
outcome of COVID 19 patients. Using
>195 pg/g as the cut off for D dimer
Albumin ratio (DAR), the Area Under
Curve (AUC) obtained was 0.779, with
sensitivity 60% and specificity 95.74%.
Similarly using a cut off value of >4.91
mg/g for BUN Albumin ratio (BAR), the

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Area Under Curve (AUC) obtained was
0.580, with a sensitivity of 83.09% and
specificity of 48.94 9%. For further
analysing the predictive power of BAR and
DAR the Odd’s ratio (OR) was calculated
at the above mentioned cut off values. DAR
had an odd’s ratio of 40.0 and BAR had an
odd’s ratio of 2.25. This implies that DAR
has performed significantly better than
BAR.

Table 4: ROC curve analysis

Variables| ROC results to predict Mortality | Cut- off AUROC SE P value
Sensitivity | Specificity| LR+ | LR- Sensitivity | Specificity

DAR 60.00 95.74 |14.10(0.42| >195 DAR 60.00 95.74

ug/g He/g

BAR 83.09 48.94 1.17 |0.82| >4.91 BAR 83.09 48.94

mg/g mg/g

,.
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Discussion

This study was conducted by us to predict
the outcome of COVID 19 patients by using
simple lab parameters such as Serum BUN,
Serum Albumin, Serum D dimer, BUN
Albumin ratio (BAR) and D dimer Albumin
ratio (DAR) and to compare the predictive
powers of BAR and DAR. As the COVID
19 pandemic shook the entire world, when
it was totally unprepared for a large scale
pandemic as this, there were immense
difficulties in timely diagnosis, prevention
of spread and proper management of the
patients. Timely diagnosis and prediction of
outcome  which  included  testing
equipments, skilled manpower and logistics
became of utmost importance in efficient
triaging of patients for the best possible
patient management at a time when there
was a heavy shortage of resources.
Especially in a country like India with a
huge population of different social strata, a
quick, efficient and cost effective method of
predicting the outcomes of COVID 19
patients was required. On reading a
systematic review by Izcovich et al. who
included 207 studies, we found out 49
various prognostic factors for predicting the
mortality and severity of COVID 19
patients. [33] Among these, keeping in
mind our aim of getting a quick, efficient
and cost effective method of predicting the
outcomes of COVID 19 patients, we
decided to consider lab parameters. Hence,
we chose the commonly available
parameters like Serum BUN, Serum
Albumin, Serum D dimer, BUN Albumin
ratio (BAR) and D dimer Albumin ratio
(DAR).

Based on our study we did not get a
correlation between the various co-
morbidities and the outcome of COVID 19
patients. Bajgain et al. have also claimed
that though patients having one or more
morbidity may have a severe disease, there
is no clear association between having these
co-morbidities and higher risk of mortality.
[34] It could also be because of the small
sample size taken.
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In our study, Serum Albumin levels were
significantly lower in the non-survivor
group compared to the survivor group
(p<0.001). On performing ROC analysis
for predicting mortality among COVID 19
patients we obtained an AUC value of
0.553, with a sensitivity of 76.92% and
specificity of 40.43%. Violi et al. took a
sample size of 319 COVID 19 patients, of
which 64 had died, to study the impact of
Serum Albumin on the survival of COVID
19 patients. They reported that Serum
Albumin values have an independent
association with mortality in COVID

19 patients, irrespective of the adjustment
for various other parameters and that it was
significantly lower among the non
survivors compared to the survivors They
also reported getting an odd’s ratio of 2.48
in predicting mortality among COVID-19
patients when the cut off was taken as <3.2
g/dL. [11] A meta-analysis conducted by
Aziz et al which included 11 studies,
demonstrates the relationship of mortality
in COVID-19 patients with low Albumin.!?
Huang et al. had a sample size of 299
COVID-19 patients of whom 106 patients
had hypoalbuminemia and they reported
that hypoalbuminemia can be an
independent predictor of mortality in
COVID-19 patients. [13] There can be
several reasons for decreased albumin
levels in COVID-19 patients with
mortality. The levels of albumin are
maintained within normal range due to the
balance between synthesis and clearance by
catabolism, the renal and gastrointestinal
system [35] Wada Y et al. have postulated
that depletion of the pool of amino acids
due to replication and shedding of virus and
decrease in levels of the branched chain
amino acids which in turn decrease albumin
translation as the possible explanations.
[36] COVID-19  causes  systemic
inflammation which increase capillary
permeability which in turn causes
movement of Albumin into the interstitial
space and thus Albumin levels in serum
decreases. [37] Albumin has been used for
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assessing malnutrition. [38] Malnutrition
has been shown to be a risk factor for
mortality and rates of malnutrition in the
elderly patients are high. [39]

In our study, the serum BUN levels were
significantly higher among the non
survivors compared to the survivors
(p<0.001). On performing ROC analysis
we obtained an AUC value of 0.617. On
considering a cut off value of
>16.05mg/dL, we obtained an odd’s ratio of
2.94. Kiigiikceran et al. have reported the
same and they obtained an odds ratio of
7.048 in predicting mortality among
COVID-19 patients by taking BUN values
of >16.05mg/dL as cut off. [14] Cheng et al.
have also reported the same and obtained an
AUC value of 0.88 to predict mortality
among COVID-19 patients. [15] Ok et al.
reported that BUN values can predict
severity of COVID-19 with an AUC value
0f 0.790. [16] Arihan O et al. have reported
that high levels of BUN have a solid
correlation with mortality among severely
ill patients. [17] There can be several
reasons for elevated BUN values among
mortal COVID-19 patients. High BUN
values have been reported to be an indicator
in predicting the severity of patients of
pneumonia. [40] BUN has also been used in
the CURB 65 score for pneumonia. [41]
Studies have also shown 100% lung
damage has been observed among non
survivors of COVID-19. [42] The same
study has also reported that respiratory
failure was the main cause of mortality
among 70% of the COVID-19 patients that
they considered. Renal injury has also been
reported as a risk factor for increased
mortality among COVID-19 patients. [43]
Minimal changes in the functioning of
kidneys have shown large increase in BUN
levels. [44] Therefore, lung and kidney
injury in COVID-19 patients achieving
mortality may be the reasons for elevated
BUN values among these patients.

Blood urea nitrogen (BUN)/Albumin ratio
(BAR) was also considered as a possible
parameter fulfilling our criteria. In our
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study the BAR values were found to be
higher among the non survivors compared
to the survivors. We obtained an AUC
value of 0.580, with a sensitivity of 83.09%
and a specificity of 48.94% for predicting
mortality among COVID-19 patients. With
a cut off value of >4.91mg/g, we obtained
an odd’s ratio of 4.32 and thus BAR can be
considered as a solid parameter for
predicting mortality in COVID-19 patients.
We believe BAR is better in predicting
mortality among COVID-19 patients than
albumin alone (AUC= 0.553) and BUN
alone (OR=2.94). Kiigiikceran et al. have
reported that BAR can be considered a
better indicator for predicting mortality in
COVID-19 patients than BUN or albumin
levels alone. [19] They achieved an odd’s
ratio of 10.45 while considering a cut off of
3.9mg/g for BAR. [19] Singh et al. have
reported that hypoalbuminemia can be a
better predictor of mortality of COVID
patients than BAR or BUN, though BAR
comes out as a reliable indicator too with an
AUC value of 0.695 and odd’s ratio of 3.75,
with a cut off of 6.23mg/g. [20] Dundar et
al. have reported that BUN values with a cut
off > 23 mg/dL, albumin values with a cut
off < 3.5 g/dL, and BAR values with a cut
off > 6.25 mg/g among elderly patients in
the Emergency Department have a greater
risk of mortality.[18] Gao et al. have
reported that old age can be a risk factor for
severity and outcome of COVID-19
patients. [21] Gemcioglu wt al. have also
reported that BAR can be an independent
predictor of severity of COVID-19 patients.
[22] Ryu et al. have reported that BAR can
be considered to predict mortality among
patients of aspiration pneumonia and they
obtained an AUC value of 0.70 with an
odd’s ratio of 3.40 with a cut off of
7.0mg/g. [23] Feng et al. have reported low
survival among patients with hospital
acquired pneumonia who had an elevated

BAR with a cut off of 0.165mg/g. [23]
Huang et al. have reported that high BAR
can be an independent predictor of critical
illness in COVID patients, with an AUC
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value of 0.821 and a cut off of 3.7887mg/g.
[25]

In our study, the D dimer values were
significantly higher among the non
survivors compared to the survivors
(p<0.001). On performing ROC analysis
we obtained an AUC value of 0.763, with a
sensitivity of 60.00% and a specificity of
95.74% and a cut off value of >390 pg/dL
FEU. There are quite a few studies which
report similarly. Zhou et al., who took a
sample size of 191 patients of which 54
died, have reported that they achieved an
odd’s ratio of 20.04 while taking >1 pg/mL
as the cut off for D dimer, to predict the
mortality of COVID-19 patients. [27]
Zhang et al., on studying a sample size of
343 patients with COVID-19 reported that
D dimer can predict mortality among
COVID-19 patients, after obtaining an
AUC value of 0.89. [28] Yao et al. have
reported that the D dimer levels were
significantly higher among the non
survivors than the survivors. They obtained
an AUC value of 0.85 and reported a cut off
value of > 2.14mg/L for predicting the
mortality among COVID-19 patients. [26]
Many reasons are possible for elevated D
dimer levels in mortal COVID-19 patients.
Elevated D dimer levels are seen in a state
of hypercoagulation. [45] COVID-19 has
been reported to cause hypercoagulation,
which in turn causes increased risk of
formation of microthrombi and thus organ
failure following inflammation. [46]
Hypercoagulation in COVID-19 may be
due to thrombosis caused by hypoxia. [47]
COVID-19 patients are likely to have co
morbidities and undergo  invasive
procedures which in turn increases the risk
of thrombi formation. [28] The prevalence
of pulmonary and venous embolism is
higher —among COVID-19 patients
compared to other patients, vascular
occlusion along with pulmonary vascular
coagulation are frequent autopsy findings
among mortal COVID-19 patients and
COVID-19 also causes a higher risk of
arterial thrombotic events like myocardial
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infarction, ischemic stroke etc. [48]
However infections were reported to be the
most common cause of high d dimer levels
among adult patients in the emergency
department. [49]

We considered D dimer/ Albumin ratio
(DAR) as a parameter that could fulfil our
criteria. On performing ROC analysis for
predicting the outcome of COVID 19
patients, we obtained an AUC value of
0.779, with a sensitivity of 66.15 % and a
specificity of 95.74 % and we also achieved
an odd’s ratio of 23.46 on taking a cut off
value of >195 pg/g, and thus DAR seems to
be a very good predictor for the outcome of
COVID-19 patients. DAR seems to be the
best indicator among the parameters we
have considered in this study and it also
seems to be better than considering D dimer
(AUC=0.763) and albumin (AUC=0.553)
alone. On comparing DAR with BAR to
find a better indicator for predicting the
outcomes of COVID-19 patients, DAR
(AUC=0.779, OR=23.46) clearly emerged
out as a better indicator than BAR
(AUC=0.580, OR=4.32). There haven’t
been many studies on DAR as yet.
Kiigiikceran et al. have reported DAR is a
good predictor of mortality risk among
COVID-19 patients with an AUC 0.773 and
an odd’s ratio 7.898 with the cut off as
>56.36. [31]

The limitations of this study could be the
relatively small sample size taken and that
it was a single center study.

Conclusion

Through this study we can see that all the
parameters considered ie. Serum Albumin,
Serum Blood urea nitrogen (BUN), D
dimer, BUN/Albumin ratio (BAR) and D
dimer/Albumin ratio (DAR) are very solid
indicators of predicting the outcome of
admitted COVID-19 patients. When BAR
and DAR were compared as to which was a
better indicator, DAR turned out to be quite
better than BAR. Overall according to our
study, DAR has turned out to be the best
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parameter for predicting the outcomes of
hospitalized COVID-19 patients.

Summary

We carried out a study to find out lab
analytes which are easy and quick to
analyze not just in big tertiary care centers
but also in remote areas and are also cost
effective, to predict the outcomes of
hospitalized COVID-19 patients and thus
considered Serum Albumin, Serum Blood
urea nitrogen (BUN), D dimer,
BUN/Albumin ratio (BAR) and D
dimer/Albumin ratio (DAR). We also
wanted to see which one among BAR and
DAR was a better predictor. We carried out
a single center retrospective case record
analysis with 112 patients, of which 65
patients were non survivors and 47 patients
were survivors and we collected the
required data and performed the necessary
calculations.

We can conclude that all the parameters
considered can independently play a role in
predicting outcome of hospitalized
COVID-19 patients. On performing ROC
analysis, the AUC for Albumin was 0.553,
BUN 0.617, D dimer 0.763, BAR 0.580,
DAR 0.779 on comparing BAR with DAR,
DAR has emerged as a better predictor.
These quickly accessible, easy, efficient
and economical parameters can be used for
predicting the outcome and thus facilitates
efficient triaging of COVID-19 patients in
crunch situations where resources are very
limited, in all kinds of treatment settings.

References

1. https://www.who.int/emergencies/dise
ase-outbreak-news/item/2020-DON22
9

2. https://www.who.int/csr/don/12-januar
y-2020-novel-coronavirus-china/en/

3. Israfil SMH, Sarker MMR et al.
Clinical Characteristics and Diagnostic
Challenges of COVID-19: An Update
From the Global Perspective. Front
Public Health. 2021 Jan 11;8:567395.

4. https://www.who.int/emergencies/dise
ases/novel-coronavirus-2019/technical

Prakash et al.

10.

11.

12.

13.

14.

15.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

guidance/naming-the-coronavirus-dise
ase-(covid-2019)-and-the-virus-that-ca
uses-it
https://www.who.int/news-room/com
mentaries/detail/transmission-of-sars-
cov-2implications-for-infection-
prevention-precautions

Cucinotta D, Vanelli M. WHO Declares
COVID-19 a Pandemic. Acta Biomed.
2020 Mar 19;91(1):157-160.

Andrews MA, Areekal B et al. First
confirmed case of COVID-19 infection
in India: A case report. Indian J Med
Res. 2020 May;151(5):490-492.
https://www.mohfw.gov.in/ [accessed
17 October 2022]
https://www.cdc.gov/coronavirus/2019
-ncov/symptoms-
testing/symptoms.html
https://covid19.who.int/region/searo/co
untry/in

Violi F, Cangemi R et al. Is Albumin
Predictor of Mortality in COVID-19?
Antioxid Redox Signal. 2021 Jul 10;35
(2):139-142.

Aziz M, Fatima R, et al. The association
of low serum albumin level with severe
COVIDI19: a systematic review and
meta-analysis. Crit Care. 2020 May
26;24(1):255.

Huang J, Cheng A, et al
Hypoalbuminemia predicts the
outcome of COVID-19 independent of
age and comorbidity. J Med Virol. 2020
Oct;92(10):2152-2158.

Kiigiikceran K, Ayranc1t MK et al. The
role of the BUN/albumin ratio in
predicting mortality in COVID-19
patients in the emergency department.
Am J Emerg Med. 2021 Oct;48:33-37.
Cheng A, Hu L et al. Diagnostic
performance of initial blood urea
nitrogen combined with D-dimer levels
for predicting in-hospital mortality in
COVID-19 patients. Int J Antimicrob
Agents. 2020 Sep;56(3):106110.

. Ok F, Erdogan O et al. Predictive values

of blood urea nitrogen/creatinine ratio
and other routine blood parameters on
disease severity and survival of

International Journal of Pharmaceutical and Clinical Research

1261



International Journal of Pharmaceutical and Clinical Research

17.

18.

19.

20.

21.

22.

23.

24.

25.

Prakash et al.

COVID-19 patients. ] Med Virol. 2021
Feb;93 (2):786-793.

Arihan O, Wernly B et al. Blood Urea
Nitrogen (BUN) is independently
associated with mortality in critically ill
patients admitted to ICU. PLoS One.
2018 Jan;13(1):e0191697.

Dundar ZD, Kucukceran K, Ayranci
MK. Blood urea nitrogen to albumin
ratio is a predictor of in-hospital
mortality in  older emergency
department patients. Am J Emerg Med.
2021 Aug;46:349-354.

Kiigiikceran K, Ayranct MK et al. The
role of the BUN/albumin ratio in
predicting mortality in COVID-19
patients in the emergency department.
Am J Emerg Med. 2021 Oct;48:33-37.
Singh S, Singh K. Blood Urea
Nitrogen/Albumin Ratio and Mortality
Risk in Patients with COVID-19. Indian
J Crit Care Med. 2022 May;26(5):626-
631.

Gao YD, Ding M et al. Risk factors for
severe and critically ill COVID-19
patients: A review. Allergy. 2021
Feb;76(2):428-455.

Gemcioglu E, Davutoglu M et al.
Predictive values of biochemical
markers as early indicators for severe
COVID-19 cases in admission. Future
Virol. 2021 Apr:10.2217/tv12020-0319.
Ryu S, Oh SK et al. Utility of the blood
urea nitrogen to serum albumin ratio as
a prognostic factor of mortality in
aspiration pneumonia patients. Am J
Emerg Med. 2021 May;43:175-179.
Feng DY, Zhou YQ et al. Elevated
Blood Urea Nitrogen-to-Serum
Albumin Ratio as a Factor That
Negatively Affects the Mortality of
Patients  with  Hospital-Acquired
Pneumonia. Can J Infect Dis Med
Microbiol. 2019 Jun 16;2019:1547405.
Huang D, Yang H et al. Blood Urea
Nitrogen to Serum Albumin Ratio
(BAR) Predicts Critical Illness in
Patients with Coronavirus Disease 2019
(COVID-19). Int J Gen Med. 2021 Aug
21;14:4711-4721.

26.

27.

28.

29.

30.

31.

32.

33.

34.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Yao, Y., Cao, J.,, Wang, Q. et al. D-
dimer as a biomarker for disease
severity and mortality in COVID-19
patients: a case control study. j
intensive care.2020;8(49).

Zhou F, Yu T et al. Clinical course and
risk factors for mortality of adult
inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study.
Lancet. 2020 Mar ;395(10229):1054-
1062. Epub 2020 Mar 11. Erratum in:
Lancet. 2020 Mar 28:395
(10229):1038. Erratum in: Lancet. 2020
Mar 28 ;395(10229):1038.

Zhang L, Yan X et al. D-dimer levels on
admission to predict in-hospital
mortality in patients with Covid-19. J
Thromb Haemost. 2020
Jun;18(6):1324-1329.

Danese E, Montagnana M et al.
Hypercoagulability, D-dimer and atrial
fibrillation: an overview of biological
and clinical evidence. Ann Med. 2014
Sep;46(6):364-71.

So LK, Lau AC et al. Development of a
standard treatment protocol for severe
acute respiratory syndrome. Lancet.
2003 May 10;361(9369):1615-7.
Kiigiikceran K, Ayranci MK et al.
Predictive value of D-dimer/albumin
ratio and fibrinogen/albumin ratio for
in-hospital mortality in patients with
COVID-19. Int J Clin Pract. 2021
Jul;75(7):e14263.

2 1https://www.mohfw.gov.in/pdf/Upd
atedDetailedClinicalManagementProto
colforCOVID19adultsdated24052021.
pdf

Izcovich A, Ragusa MA et al
Prognostic factors for severity and
mortality in patients infected with
COVID-19: A systematic review. PLoS
One. 2020 Nov;15(11):e02419 55.
doi:10.1371/journal pone. 0241 955.
Erratum in: PLoS One. 2022 May
26;17(5):¢0269291.

Bajgain KT, Badal S et al. Prevalence
of comorbidities among individuals
with COVID-19: A rapid review of

International Journal of Pharmaceutical and Clinical Research

1262



International Journal of Pharmaceutical and Clinical Research

35.

36.

37.

38.

39.

40.

41.

42.

Prakash et al.

current literature. Am J Infect Control.
2021 Feb;49(2):238-246.

Ambade V. Biochemical rationale for
hypoalbuminemia in  COVID-19
patients. J] Med Virol. 2021 Mar;93(3):
1207-1209.

Wada Y, Takeda Y, Kuwahata M.
Potential Role of Amino Acid/Protein
Nutrition and Exercise in Serum
Albumin Redox State. Nutrients. 2017
Dec 24;10(1):17.

Herlekar R, Sur Roy A, Matson M.
Hypoalbuminemia in  COVID-19
infection: A predictor of severity or a
potential therapeutic target? J Med
Virol. 2021 Jan;93(1):83-84.

Zhang Z, Pereira SL, Luo M, Matheson
EM. Evaluation of Blood Biomarkers
Associated with Risk of Malnutrition in
Older Adults: A Systematic Review and
Meta-Analysis. Nutrients. 2017 Aug
3;9(8):829.

Kaegi-Braun N, Mueller M, Schuetz P,
Mueller B, Kutz A. Evaluation of
Nutritional Support and In-Hospital
Mortality in Patients With Malnutrition.
JAMA Netw Open. Jan 4;4(1):e203
3433.

Metersky ML, Waterer G, Nsa W,
Bratzler DW. Predictors of in-hospital
vs post discharge mortality in
pneumonia. Chest. 2012 Aug;142(2):
476-481.

Lim WS, van der Eerden MM et al.
Defining community acquired
pneumonia severity on presentation to
hospital: an international derivation and
validation  study. Thorax. 2003
May;58(5):377-82.

Zhang B, Zhou X et al. Clinical
characteristics of 82 cases of death from

43.

44,

45.

46.

47.

48.

49.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

COVID-19. PLoS One. 2020 Jul 9;
15(7):¢0235458.

Chan L, Chaudhary K et al; Mount
Sinai COVID Informatics Center
(MSCIC). AKI in Hospitalized Patients
with COVID-19. ] Am Soc Nephrol.
2021 Jan;32(1):151-160.

Hosten AO. BUN and Creatinine. In:
Walker HK, Hall WD, Hurst JW,
editors. Clinical Methods: The History,
Physical, and Laboratory
Examinations. 3rd edition. Boston:
Butterworths; 1990. Chapter 193.
Danese E, Montagnana M, Cervellin G,
Lippi G. Hypercoagulability, D-dimer
and atrial fibrillation: an overview of
biological and clinical evidence. Ann
Med. 2014 Sep;46(6): 364-71.

So LK, Lau AC et al. Development of a
standard treatment protocol for severe
acute respiratory syndrome. Lancet.
2003 May 10;361(9369):1615-7.
Gupta N, Zhao YY, Evans CE. The
stimulation of thrombosis by hypoxia.
Thromb Res. 2019 Sep;181:77-83
Gerotziafas GT, Catalano M, Colgan
MP et al; Scientific Reviewer
Committee.  Guidance  for  the
Management of Patients with Vascular
Disease or Cardiovascular Risk Factors
and COVID-19: Position Paper from
VAS-European Independent
Foundation in Angiology/Vascular
Medicine. Thromb Haemost. 2020
Dec;120(12):1597-1628.

Lippi G, Bonfanti L, Saccenti C,
Cervellin G. Causes of elevated D-
dimer in patients admitted to a large
urban emergency department. Eur J
Intern Med. 2014 Jan;25(1):45-8.

International Journal of Pharmaceutical and Clinical Research

1263



