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ABSTRACT

Background: Renal involvement in COVID-19 leads to severe disease and higher mortality. We study renal parameters
in COVID-19 patients and their association with mortality and length of stay in hospital. Methods: A retrospective
study (n=340) of confirmed COVID-19 patients with renal involvement determined by the presence of acute kidney
injury. Multivariate analyses of logistic regression for mortality and linear regression for length of stay (LOS) adjusted
for relevant demographic, comorbidity, disease severity, and treatment covariates. Results: Mortality was 54.4% and
mean LOS was 12.9 days. For mortality, creatinine peak (OR:35.27, 95% Cl:2.81, 442.06, p<0.01) and persistent renal
involvement at discharge (OR:4.47, 95% Cl:1.99,10.06, p<0.001) were each significantly associated with increased
odds for mortality. Increased blood urea nitrogen peak (OR:0.98, 95%Cl:0.97,0.996, p<0.05) was significantly associ-
ated with decreased odds for mortality. For LOS, increased blood urea nitrogen peak (B:0.001, SE:<0.001, p<0.01),
renal replacement therapy (B:0.19, SE:0.06, p<0.01), and increased days to acute kidney injury (B:0.19, SE:0.05,
p<0.001) were each significantly associated with increased length of stay. Conclusion: Our study emphasizes the
importance in identifying renal involvement parameters in COVID-19 patients. These parameters are associated with

LOS and mortality, and may assist clinicians to prognosticate COVID-19 patients with renal involvement.
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B INTRODUCTION

Coronavirus Disease 2019 (COVID-19) caused by the
novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) affects mainly the respiratory sys-
tem, but extrapulmonary manifestations occur includ-
ing renal involvement [1, 2]. Renal involvement has
an incidence rate ranging from 25-67% in COVID-19
patients [3-5]. Acute kidney injury (AKI) is a frequent
complication in patients with COVID-19 and is associ-
ated with intensive care unit (ICU) admission rates of
over 50% [4] and increased mortality rate [1, 5].

Risk factors for renal involvement in patients with
COVID-19 include older age, African American race/
ethnicity, hypertension, diabetes mellitus, cardiovas-
cular disease, invasive mechanical ventilation, and

vasopressor use [6]. In patients with COVID-19 and
AKI, invasive mechanical ventilation is associated with
higher mortality [6, 7]. In COVID-19, renal involve-
ment varies from AKI stage 1 to requiring renal re-
placement therapy [1, 4]. However, other disease sever-
ity indicators such as other organ system involvement
and persistent renal involvement at discharge and their
association with mortality and length of stay (LOS)
in patients with COVID-19 and renal injury have not
been described.

The aim of our study is to investigate previously
studied renal parameters of creatinine peak level, BUN
peak level, need for renal replacement therapy, and
also previously not studied renal parameters of days-
to-renal involvement, total number of other organs
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involved, and persistent renal involvement at the time
of discharge or death in COVID-19 patients with renal
involvement and their association with mortality and
LOS. We hypothesize that these previously not studied
variables are associated with increased mortality and
LOS in COVID-19 patients with renal involvement.

B METHODS

Study Design and Participants

We conducted a retrospective study of 340 patients
with confirmed COVID-19 infection and renal in-
volvement that were admitted to our safety-net institu-
tion in a suburban New York City hospital from March
1,2020 to May 15, 2020. A positive result from a na-
sopharyngeal sample of real-time reverse transcription
polymerase chain reaction (RT-PCR) result for SARS-
CoV-2 confirmed positive COVID-19 infection. Renal
involvement was determined by the presence of acute
kidney injury (AKI) as per Kidney Disease Improving
Global Outcomes (KDIGO) Guidelines [8]. All par-
ticipants completed their hospital course as discharged
alive or deceased. The hospital Institutional Review
Board granted ethical approval to conduct this study.
A waiver for informed consent was obtained due to the
retrospective nature of the study.

Variables

Demographic characteristics were age (years), sex
(male, female), race/ethnicity [Caucasian, African
American, Hispanic and/or Latino, and Other], and
insurance status (private, uninsured/emergency Med-
icaid, regular Medicaid, and Medicare). Comorbidi-
ties were obesity (BMI30.0 kg/m?) and the Charlson
Comorbidity Index (CCI) which includes a range of
comorbid conditions of age, renal disease, diabetes
mellitus, history of myocardial infarction, heart fail-
ure, peripheral vascular disease, chronic obstructive
pulmonary disease, dementia, cerebrovascular acci-
dent, solid tumor, leukemia, lymphoma, AIDS status,
chronic liver disease, connective tissue disease, and
peptic ulcer disease (37 points total) [9]. The CCI pre-
dicts 10-year survival [9].

Indicators for disease severity were the admission
qSOFA (Quick Sequential Organ Failure Assessment)
score (3 points total) [10], ICU admission, intubation
at the time of admission, and oxygen requirement dur-
ing hospitalization [11]. ICU admission was defined by
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the need for supplemental oxygen with fraction of in-
spired oxygen (FiO2) >55% (with or without invasive
mechanical ventilation) or use of vasopressor medica-
tions. Oxygen requirement during hospitalization was
divided as none or low FiO2 (<55%) requirement, high
FiO2 requirement (>55%), and the need for invasive
mechanical ventilation (intubation).

Renal involvement was defined by the presence of
AKI as per KDIGO guidelines, in which AKI is de-
fined as an increase in serum creatinine level (SCr) by
0.3 mg/dl within 48 hours of admission or 1.5 times
increase in SCr from known baseline or presumed to
have increased within the prior 7 days [8]. AKI was
classified per Acute Kidney Injury Network (AKIN)
criteria as stage 1 (increase in SCr > 0.3mg/dL or
1.5-times from baseline), stage 2 (two times increase
in SCr 2 from baseline), and stage 3 (increase in SCr
> 4mg/dL with acute rise of >0.5mg/dL or three times
increase in SCr from baseline or new renal replace-
ment therapy, irrespective of SCr) [8]. Days-to-renal
involvement was defined as the total number of days
from admission until the first day of renal involvement.
Persistent renal involvement at discharge was defined
by persistent AKI or failure to return to baseline SCr on
the last day of hospitalization. Other renal involvement
variables included creatinine peak level (mg/dl), blood
urea nitrogen (BUN) peak level (mg/dl), serum sodi-
um level on admission (mEq/L), serum calcium level
during hospitalization (mg/dL), urine specific gravity,
and new renal replacement therapy (NRRT) during
hospitalization (no/yes).

Treatment/management variables measured as no/
yes were the use of vasopressor medication, any antibi-
otic, antiviral (remdesivir), antimalarial (hydroxychlo-
roquine or chloroquine), non-steroidal anti-inflamma-
tory drugs (NSAIDs), angiotensin-converting-enzyme
inhibitors (ACE-i) or angiotensin-II-receptor blockers
(ARBs), any steroid medication, convalescent plasma
from COVID-19 survivor donors, interleukin inhibi-
tors (anti-IL6 monoclonal antibodies-tocilizumab),
and therapeutic dosage of anticoagulant medications.

The number of organs involved was defined as the
sum of eight organs that were impaired or involved dur-
ing admission. Involvement of each organ was deter-
mined by collecting the following information: mean
arterial pressure (MAP) on admission (mmHg) for the
cardiovascular system; Glasgow Coma Score (GCS) na-
dir during hospitalization for the neurological system;
nadir oxygen saturation <95% or any new requirement
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of supplemental oxygenation from baseline for respira-
tory involvement; peak total bilirubin level (mg/dL) for
the gastrointestinal/liver system; peak creatinine level
(mg/dL) for the renal system; peak blood glucose level
(mg/dL) for the endocrine system; nadir white blood
cell (k/mm?) and peak platelet level (k/mm?) for the
hematologic system; peak creatine kinase level (U/L)
for the musculoskeletal system. The primary outcome
was mortality (no/yes) and the secondary outcome was
length of stay (LOS) in the hospital (days).

Statistical Analysis

Descriptive statistics consisted of mean and standard
deviation for the continuous variables and frequen-
cy and percentage for the categorical variables. Two
models were used to analyze the outcome variables of
mortality and LOS. Univariate analyses were used for
Model 1 that considered demographic, comorbidities,
disease severity, and treatment management variables.
A multivariate analysis was used for Model 2 that in-
cluded all the significant variables from the univariate
analyses in Model 1 and added respiratory variables.
Mortality was analyzed with logistic regression. LOS
was analyzed with linear regression. Logarithmic
transformations were performed for the skewed vari-
ables. All p-values were two-sided. Data analyses were
conducted with IBM SPSS Statistics version 26 (IBM
Corporation, Armonk, NY, 2019).

B RESULTS

Table 1 shows the sample characteristics. Mean age was
above 65 years, more than one-third were female, and
62.9% were those from either African American or His-
panic race/ethnicity. The mean CCI score was 3.6 (out
of a possible 37 points) and the mean qSOFA score was
2.0 (out of a possible 3 points). Over 70% were admitted
to ICU, more than 45% required invasive mechanical
ventilation during hospitalization, and 32.1% required
vasopressors. The most common treatments were an-
tibiotics (95.6%) and antimalarial (86.5%). Mean SCr
peak was 3.6, mean BUN was 72.7, mean calcium was
8.3, and mean sodium was 139.0. Mean days-to-renal
involvement was approximately 3 days. More than 13%
of patients required new renal replacement therapy
during hospitalization and almost 60% had persistent
renal involvement at the time of discharge. More than
34% of patients were at AKIN stage 3. Overall mortality
was 54.4% and mean LOS was 12.9 days.
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Table 1. Sample Characteristics of 340 COVID-19 Patients

Variables

Demographics

M (SD) or Frequen-

cy (Percent)

Age (years) [mean] 65.7 (15.36)
Sex (female) 123 (36.2)
Race/ethnicity
Caucasian 94 (27.6)
African American 97 (28.5)
Hispanic 117 (34.4)
Other 32(9.4)
Insurance
Private 67 (19.7)
Uninsured/Emergency Medicaid 56 (16.5)
Regular Medicaid 128 (37.6)
Medicare 89 (26.2)
Comorbidities
Obese (yes) 128 (37.6)
CCl [mean] 3.6 (2.48)
Disease severity
gSOFA [mean] 2.0 (0.66)
ICU (yes) 239 (70.3)
Intubation admission (yes) 35(10.3)
Oxygen requirement hospitalization
None/Low FiO2 (< 55%) 98 (28.8)
High FiO2 (> 55%) 88 (25.9)
Ventilation 154 (45.3)
Treatment management
Vasopressor (yes) 109 (32.1)
Antibiotic (yes) 325(95.6)
NSAID (yes) 85 (25.0)
ACEi/ARBS (yes) 44.(12.9)
Antiviral (yes) 11 (3.2)
Antimalarial (yes) 294 (86.5)
Steroid (yes) 134 (39.4)
Convalescent plasma (yes) 35(10.3)
Interleukin inhibitor (yes) 47 (13.8)
Anticoagulant (yes) 91 (26.8)
Organ involvement
Number organs involved [mean] 5.3 (1.54)
Renal
Creatinine peak [mean] 3.6(3.25)
Blood urea nitrogen peak [mean] 72.7 (53.13)
Calcium during hospitalization [mean] 8.3(0.81)
Sodium on admission [mean] 139.0(7.17)
Days to renal involvement [mean] 2.8 (3.98)
AKIN stage
Stage 1 158 (46.5)
Stage 2 65 (19.1)
Stage 3 117 (34.4)
New renal replacement therapy (yes) 45 (13.2)
Renal persistent involvement at discharge 200 (58.8)
(ves)
Specific gravity [mean] 1.02 (0.01)
Outcomes
Mortality (yes) 185 (54.4)
Length of stay (days) [mean] 12.9(13.18)

Note: M=mean, SD=standard deviation, CCl=Charlson Comorbidity Index, gSOFA=quick Sepsis
Related Organ Failure Assessment, ICU=intensive care unit, FiO2=fraction of inspired oxygen,
NSAID=nonsteroidal anti-inflammatory drug, ACEi=Angiotensin-converting-enzyme inhibitors,
ARB=angiotensin Il receptor blockers, AKIN=acute kidney injury network. Specific gravity only had

data available from 210 patients.
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Table 2 shows logistic regression analyses for mor-  organs involved, creatinine peak, and renal persistent
tality. In the multivariate analysis shown in Model 2,  involvement at discharge were each significantly as-
increased age, oxygen requirement during hospitaliza-  sociated with increased odds for mortality. African
tion of high FiO2 and ventilation, increased number =~ American race/ethnicity and increased blood urea ni-

Table 2. Logistic Regression Analyses for Mortality

Variables

Demographics
Age (years)
Sex (female)

Model 1 - Univariate
OR (95% Cl)

1.03 (1.01, 1.04)***
0.86 (0.55, 1.34)

Model 2 - Multivariate
OR (95% Cl)

1.09 (1.05, 1.14)***

Race/ethnicity

Caucasian 1.00 1.00
African American 0.52(0.29, 0.92)* 0.34(0.13,0.92)*
Hispanic 0.70(0.40, 1.22) 0.84 (0.29, 2.44)
Other 1.19(0.51, 2.74) 0.62 (0.15, 2.53)
Insurance

Private 1.00 -

Uninsured/Emergency Medicaid
Regular Medicaid

1.55 (0.76, 3.16)
1.28 (0.71, 2.31)

Medicare 1.88(0.99, 3.57)
Comorbidities
Obese (yes) 0.92 (0.59, 1.43) ---
ccl 1.18 (1.08, 1.30)*** 0.98 (0.78, 1.23)
Disease severity
gSOFA 1.29(0.93, 1.79)
ICU (yes) 19.44 (9.99, 37.84)*** 0.91(0.12, 7.08)
Intubation admission (yes) 4.62 (1.86, 11.44)** 0.45(0.12, 1.67)
Oxygen requirement hospitalization

None/Low FiO2 (< 55%) 1.00 1.00

High FiO2 (> 55%)
Ventilation

14.24 (5.93, 34.16)***
78.00 (31.98, 190.22)***

17.59 (1.98, 156.41)*
201.93 (15.60, 2,614.08)***

Treatment management
Vasopressor (yes)
Antibiotic (yes)

NSAID (yes)

ACEi/ARBS (yes)

Antiviral (yes)
Antimalarial (yes)

Steroid (yes)
Convalescent plasma (yes)
Interleukin inhibitor (yes)
Anticoagulant (yes)

9.64 (5.26, 17.66)***
2.48(0.83, 7.43)
1.05 (0.64, 1.72)
0.54 (0.28, 1.02)

8.80 (1.11, 69.53)*
0.66 (0.35, 1.26)

2.39 (1.52, 3.76)%**
1.13(0.56, 2.29)
1.95 (1.01, 3.76)*
1.03 (0.64, 1.67)

0.96 (0.30, 3.02)

2.56 (0.19, 34.07)

1.20 (0.48, 3.03)

1.08 (0.34, 3.47)

Organ involvement
Number organs involved

2.71(2.18, 3.38)***

1.83 (1.24, 2.71)**

Renal
Creatinine peak
Blood urea nitrogen peak
Calcium during hospitalization
Sodium on admission
Days to renal involvement
AKIN stage
Stage 1
Stage 2
Stage 3
New renal replacement therapy (yes)
Renal persistent involvement at discharge (yes)

35.27 (2.81, 442.06)**
0.98 (0.97, 0.996)*
1.49 (0.93, 2.39)
1.03 (0.97, 1.09)
1.21(0.37, 3.93)

1.00
1.09 (0.34, 3.50)
0.84 (0.13, 5.59)
0.27 (0.07, 1.10)

4.47 (1.99, 10.06)***

Note: OR=o0dds ratio, Cl=confidence interval, CCl=Charlson Comorbidity Index, qSOFA=quick Sepsis Related Organ Failure Assessment, ICU=intensive care unit, FiO2=fraction of inspired oxygen,
NSAID=nonsteroidal anti-inflammatory drug, ACEi=Angiotensin-converting-enzyme inhibitors, ARB=angiotensin Il receptor blockers, AKIN=acute kidney injury network. *p<0.05, **p<0.01, ***p<0.001,
Model 2 Nagelkerke R Square=0.75.
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trogen peak were each significantly associated with de-
creased odds for mortality.

Table 3 shows linear regression analyses for LOS. In
the multivariate analysis shown in Model 2, steroid,

Table 3. Linear Regression Analyses for Length of Stay
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convalescent plasma, anticoagulant, increased num-
ber organs involved, increased blood urea nitrogen
peak, NRRT, and increased days to renal involvement
were each significantly associated with increased LOS.

Variables Model 1 - Univariate Model 2 - Multivariate
B (SE) B (SE)
Demographics
Age (years) -0.01 (0.001)*** -0.002 (0.02)
Sex (female) -0.10 (0.04)* -0.01 (0.04)
Race/ethnicity -
Caucasian Reference
African American <0.001 (0.05)
Hispanic 0.09 (0.05)
Other -0.06 (0.07)
Insurance -
Private Reference
Uninsured/Emergency Medicaid 0.04 (0.07)
Regular Medicaid -0.09 (0.06)
Medicare -0.07 (0.06)
Comorbidities
Obese (yes) -0.01 (0.04) ---
ccl -0.03 (0.01)*** -0.004 (0.01)
Disease severity
qSOFA -0.05 (0.03)
ICU (yes) 0.19 (0.04)*** 0.07 (0.08)
Intubation admission (yes) -0.08 (0.07) ---
Oxygen requirement hospitalization
None/Low FiO2 (< 55%) Reference Reference
High FiO2 (> 55%) 0.07 (0.05) -0.09 (0.08)
Ventilation 0.21 (0.05)*** -0.14 (0.09)
Treatment management
Vasopressor (yes) 0.15 (0.04)*** -0.05 (0.05)
Antibiotic (yes) 0.24 (0.10)* 0.12 (0.08)
NSAID (yes) 0.07 (0.05) -
ACEIi/ARBS (yes) 0.05 (0.06) -
Antiviral (yes) 0.17 (0.11) -
Antimalarial (yes) 0.07 (0.06) -
Steroid (yes) 0.28 (0.04)*** 0.10 (0.04)*
Convalescent plasma (yes) 0.49 (0.06)*** 0.19 (0.06)**
Interleukin inhibitor (yes) 0.35 (0.05)*** 0.02 (0.06)
Anticoagulant (yes) 0.26 (0.04)*** 0.10 (0.04)**
Organ involvement
Number organs involved 0.07 (0.01)*** 0.04 (0.02)*
Renal
Creatinine peak - -0.11 (0.11)
Blood urea nitrogen peak -—- 0.001 (<0.001)**
Calcium during hospitalization - 0.02 (0.02)
Sodium on admission - -0.01 (0.002)*

Days to renal involvement
AKIN stage

Stage 1

Stage 2

Stage 3

0.19 (0.05)***

Reference
0.04 (0.05)
0.05 (0.08)

New renal replacement therapy (yes)
Renal persistent involvement at discharge (yes)
Constant

0.19 (0.06)**
-0.12 (0.04)**
1.28 (0.36)***

Note: B=unstandardized beta, SE=standard error, CCI=Charlson Comorbidity Index, gSOFA=quick Sepsis Related Organ Failure Assessment, ICU=intensive care unit, FiO2=fraction of inspired oxygen,
NSAID=nonsteroidal anti-inflammatory drug, ACEi=Angiotensin-converting-enzyme inhibitors, ARB=angiotensin Il receptor blockers, AKIN=acute kidney injury network. *p<0.05, **p<0.01, ***p<0.001,

Model 2 adjusted R Square=0.37.
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Increased serum sodium level on admission and in-
creased renal persistent involvement at discharge were
each significantly associated with decreased LOS.

E DISCUSSION

We found partial support for our hypothesis for per-
sistent renal involvement at discharge which was sig-
nificantly associated with increased mortality but de-
creased LOS. We found full support for our hypothesis
for increased number of organs involved which was
significantly associated with increased mortality and
increased LOS. We found partial support for our hy-
pothesis for increased days to renal involvement which
was significantly associated with increased LOS but not
significantly associated with mortality. We found that
the renal variable of increased BUN peak was associ-
ated with decreased odds for mortality and increased
LOS. Creatinine peak level was significantly associated
with increased mortality but now with LOS. Addition-
ally, NRRT was significantly associated with increased
LOS but not associated with mortality. Increased age
was significantly associated with increased mortality.
African American race/ethnicity was associated with
decreased odds for mortality. CCI was not associated
with mortality or LOS. The disease severity variables
of oxygen requirement during hospitalization of high
FiO2 and mechanical ventilation were each significant-
ly associated with mortality but not LOS. Treatment
with steroid therapy, convalescent plasma, and anti-
coagulant medications were associated with increased
LOS but were not associated with mortality.

We found that renal involvement adjusted for all
other organ involvement was associated with increased
mortality and increased LOS. Multi-organ dysfunction
is associated with increased mortality in critically-ill
COVID-19 patients [12]. Renal injury is associated
with higher mortality and severe disease in COVID-19
[3, 13]. Our study is the only study with COVID-19
patients with renal involvement adjusting for all other
organ systems involvement and finding the same pat-
tern of high mortality. Consistent with other studies
[3, 13], our findings suggest that renal involvement is
an independent and important prognostic factor in
mortality in COVID-19 patients. We found that renal
involvement adjusted for all other organ involvement
was associated with increased LOS. This study is con-
sistent with another study that reported that AKI in
COVID-19 patients is associated with increased LOS
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[14]. The increased LOS can likely be explained by the
added disease complexity where longer treatment time
is needed to manage severe disease.

We found that increased SCr peak level was associ-
ated with increased mortality, whereas increased BUN
peak level was associated with decreased mortality and
increased LOS. Higher SCr peak levels in AKI are as-
sociated with high mortality in COVID-19 patients
[6, 15]. Our results are consistent with these findings.
BUN level is not specific to renal function, as it can be
affected by many other conditions [16]. While some
report that increased BUN level is associated with in-
creased mortality [7, 15], others did not find that asso-
ciation [17]. We suggest that peak BUN is not an accu-
rate predictor of mortality in COVID-19 patients with
renal involvement. Peak BUN level and its association
with LOS has not been studied in COVID-19. Howev-
er, studies from other diseases reported that high BUN
levels were associated with prolonged LOS [18]. Our
study finding is consistent with this pattern. We sug-
gest that patients with high BUN levels have additional
pathological conditions requiring care and prolonging
hospital stay.

We found that persistent renal involvement at dis-
charge or death was associated with increased mortal-
ity and decreased LOS. There is one study that inves-
tigated renal involvement at discharge and found that
35% of patients discharged alive had persistent AKI [3].
Approximately 60% of our patients had persistent renal
involvement at discharge or at death. Data regarding
COVID-19 patients with renal involvement and LOS
is mixed. In unadjusted models, some show increased
LOS in patients with AKI and COVID-19 [19], while
others do not show any association [20]. We found a
decreased association after adjusting for relevant co-
variates. A study reported that hospitalized COVID-19
patients with higher mortality had decreased LOS [21].
We suggest that our high mortality level for COVID-19
patients with renal involvement is the reason for the
decreased LOS.

We found that NRRT was associated with increased
LOS. Others report that AKI in COVID-19 patients is
associated with increased LOS [19], including those
who received continuous replacement therapy [22]. Pa-
tients receiving NRRT have more severe disease requir-
ing longer duration until stabilization and discharge.
We did not find an association of NRRT with mor-
tality in COVID-19 patients with renal involvement.
Although some report that NRRT in all hospitalized
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COVID-19 patients is associated with increased mor-
tality [3, 23], no study focused on COVID-19 patients
with renal involvement. As COVID-19 patients with
renal involvement is associated with increased mor-
tality [3], the subgroup of NRRT renal patients is not
likely to add any additional association for mortality.

We found that greater number of days to renal in-
volvement was associated with increased LOS. The me-
dian time of incidence of AKI in COVID-19 patients is
1-3 days upon hospitalization [3, 24, 25]. A later onset
time of AKI may correlate with severe disease, which
is associated with increased LOS [26]. Another possi-
ble explanation is that later onset of renal involvement
requires more time for treatment and monitoring thus
prolonging the LOS.

We found that increased sodium levels on admission
were associated with decreased LOS but there was no
association with mortality. Most studies on hospital-
ized COVID-19 patients show that hyponatremia on
admission is associated with worse prognosis, includ-
ing higher ICU admission and mortality [27, 28], while
this association is not consistent in hypernatremia [27,
28]. No studies investigated the admission sodium lev-
el among COVID-19 patients with renal involvement.
Our finding suggests that admission sodium is not an
independent risk factor for mortality in COVID-19
patients with renal involvement. We found that in-
creased sodium level on admission was associated with
decreased LOS. This finding is consistent with other
studies, as COVID-19 patients with hyponatremia are
associated with a higher rate of ICU admission [27, 28].
Although we did not find an association with AKIN
stages and mortality, the proportion of patients in each
category and the lack of association with mortality is
consistent with other studies [3, 6]. We did not find an
association of admission serum calcium with mortality
or LOS, which is consistent with previous studies [29].
Our findings suggest that admission serum electrolytes
of sodium and calcium may not be useful markers for
COVID-19 disease severity in patients with renal in-
volvement.

We found that increased age was associated with
increased mortality in COVID-19 patients with renal
involvement, which is consistent with others [20, 30].
We found that African American race/ethnicity had
decreased odds for mortality. Although the incidence
of renal failure in COVID-19 patients is higher in Af-
rican Americans [31], data regarding the association
between race/ethnicity and mortality in COVID-19
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patients with renal involvement is conflicting. Some
reported increased mortality in African Americans
[19], while others did not find any association [4, 6].
African Americans with end-stage renal disease on di-
alysis have lower mortality [32]. The survival advantage
of African Americans is associated with the presence
of APOL-1 genetic variants even though the APOL-1
genetic variant is linked to greater incidence of kidney
disease in this group [32]. This suggests that the pres-
ence of APOL-1 may have a protective effect in African
American COVID-19 patients with renal involvement
and results in decreased mortality. We did not find an
association between insurance status and mortality or
LOS in COVID-19 patients with renal involvement. To
our knowledge, there are no studies describing insur-
ance status and its association with mortality or LOS
among COVID-19 patients with renal involvement.

CCI was not associated with increased mortality in
the multivariate analysis. Although CCI >3 is associ-
ated with higher mortality in hospitalized COVID-19
patients [33], there is only one study regarding its as-
sociation in COVID-19 patients with renal involve-
ment which reports no association [34]. Our findings
are consistent with this study [35]. CCI was designed
to predict 10-year mortality due to chronic diseases,
and was not tailored to predict mortality in COV-
ID-19. We did not find an association between obesity
and mortality. While increased mortality is reported
in hospitalized COVID-19 patients with severe obe-
sity (BMI>40), increased mortality is not reported in
patients with obesity (BMI>30) [35]. Our finding for
COVID-19 patients with renal involvement is consist-
ent with previous research.

We found that oxygen requirement of high FiO2 and
the need for invasive mechanical ventilation were as-
sociated with increased mortality. The need for oxygen
support with high levels of FiO2 and invasive mechani-
cal ventilation leads to high mortality in hospitalized
COVID-19 patients [11, 36]. We add that this occurs
in COVID-19 patients with AKI. We did not find any
association of vasopressor use with mortality or LOS in
our multivariate analyses. Although use of vasopressor
medications increases the risk for developing AKI in
COVID-19 patients [6], no mortality association was
found in hospitalized COVID-19 patients [37]. Our
findings for COVID-19 patients with AKI have a simi-
lar pattern.

Antiviral medication, steroid therapy, and treatment
with convalescent plasma were not associated with in-
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creased mortality in the multivariate analysis. There
are mixed data regarding the mortality benefit of these
therapies in COVID-19 patients with renal involve-
ment [38, 39]. These mixed findings can be explained
by the study being performed in the early phase of the
pandemic when no clear treatment guidelines were
available. We found that treatment with steroids, anti-
coagulant medications, and convalescent plasma were
associated with increased LOS. This is likely related to
patients needing to complete the course of their treat-
ment that prolonged their hospital stay.

There are several study limitations. First, as this was
a retrospective study, we were not able to include uri-
nary parameters since this was insufficiently collected.
Second, our study was performed in a single center,
safety-net hospital. However, the many minorities in-
cluded provides a good perspective on the impact of
renal involvement in COVID-19 in these racial/ethnic
groups. Third, our study was performed during the
early stages of the pandemic. Lastly, we did not include
all variables that were associated to mortality. However,
our study is adjusted for the most common factors -
age, comorbidities, and oxygen requirement - contrib-
uting to increased mortality and LOS.

B CONCLUSION

Our study emphasizes the importance in identifying
renal involvement parameters in COVID-19 patients.
These parameters are associated with LOS and mortal-
ity, and may assist clinicians to prognosticate COV-
ID-19 patients with renal involvement.
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