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Abstract

Introduction: Acute kidney injury (AKI) is strongly associated with poor outcomes in hospital-
ized patients with coronavirus disease 2019 (COVID-19), but data on the association of protein-
uria and hematuria are limited to non-US populations. In addition, admission and in-hospital
measures for kidney abnormalities have not been studied separately. Methods: This retrospec-
tive cohort study aimed to analyze these associations in 321 patients sequentially admitted
between March 7, 2020 and April 1, 2020 at Stony Brook University Medical Center, New York.
We investigated the association of proteinuria, hematuria, and AKI with outcomes of inflam-
mation, intensive care unit (ICU) admission, invasive mechanical ventilation (IMV), and in-hos-
pital death. We used ANOVA, t test, XZ test, and Fisher’s exact test for bivariate analyses and
logistic regression for multivariable analysis. Results: Three hundred patients met the inclusion
criteria for the study cohort. Multivariable analysis demonstrated that admission proteinuria
was significantly associated with risk of in-hospital AKI (OR 4.71, 95% Cl 1.28-17.38), while ad-
mission hematuria was associated with ICU admission (OR 4.56, 95% Cl 1.12-18.64), IMV
(OR 8.79, 95% Cl 2.08-37.00), and death (OR 18.03, 95% Cl 2.84-114.57). During hospitalization,
de novo proteinuria was significantly associated with increased risk of death (OR 8.94, 95%
Cl 1.19-114.4, p = 0.04). In-hospital AKl increased (OR 27.14, 95% Cl 4.44-240.17) while recovery
from in-hospital AKI decreased the risk of death (OR 0.001, 95% Cl 0.001-0.06). Conclusion:
Proteinuria and hematuria both at the time of admission and during hospitalization are associ-
ated with adverse clinical outcomes in hospitalized patients with COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has rapidly evolved into a global pandemic asso-
ciated with devastating morbidity and mortality in hospitalized patients [1]. COVID-19 is not
only a lung disease [2] but also has a deleterious impact on multiple organ systems, including
cardiovascular [3], nervous [4], coagulation [5], and skin [6], in the setting of severe inflam-
mation and cytokine release [7]. Acute kidney injury (AKI) has now become a hallmark of
COVID-19 and a major risk factor associated with mortality in hospitalized patients [8-10].

Some initial studies from China showed a variable prevalence of AKI in patients with
COVID-19 [11, 12]. More recent data from the United States show a much higher prevalence
[13]. Hirsch etal. [9] conducted a large study in metropolitan New York and found that almost
40% of patients developed AKI, which was strongly associated with mechanical ventilation
and mortality, especially in patients admitted to the intensive care unit (ICU).

Proteinuria and hematuria are reported to have an even higher prevalence in COVID-19
than AKI [14]. Retrospective studies in China have reported that proteinuria and hematuria
are associated with COVID-19 [15] and with higher mortality [8, 14]. To our knowledge,
proteinuria and hematuria and their associated outcomes have not been reported in hospi-
talized patients with COVID-19 in the United States. While previous studies have analyzed
kidney disease in hospitalized patients with COVID-19, they did not differentiate the outcomes
associated with kidney abnormalities at presentation (admission) versus those that occur
during hospitalization.

We hypothesized that proteinuria and hematuria present at the time of admission or
occurring de novo during hospitalization will be independently associated with adverse
outcomes in patents with COVID-19. We report the clinical characteristics and laboratory
data of hospitalized COVID-19 patients at Stony Brook University Medical Center in Long
Island, New York and analyze the risk of proteinuria, hematuria, and AKI and their impact on
clinical outcomes.

Materials and Methods

Study Design and Participants

We conducted a retrospective cohort study on patients hospitalized with COVID-19 at
Stony Brook University Medical Center from March 7, 2020 to April 1, 2020 during the initial
COVID-19 outbreak. COVID-19 was confirmed by at least one positive result for SARS-CoV-2
on PCR testing of nasopharyngeal samples. Patients were followed up until a final disposition
of discharge alive from the hospital or in-hospital death. We excluded patients <18 years of
age, those with end-stage kidney disease, with solid organ transplants, and with a history of
immunosuppressant medication use.

Data Collection and Definition of Variables

Using the electronic health record (EHR), data on race, ethnicity, age, sex, and body mass
index were collected. Hemoglobin Alc >6.5% or treatment with insulin or oral hypoglycemics
prior to hospitalization was used to determine diabetes. Coronary artery disease was iden-
tified from previous cardiac catheterization reports. “Vascular disease” was defined as athero-
sclerotic disease other than coronary artery disease, including cerebrovascular disease,
carotid artery stenosis, or peripheral artery disease. Heart failure was determined by presence
of systolic dysfunction, diastolic dysfunction, or both on transthoracic echocardiogram.
Chronic kidney disease (CKD) was diagnosed through documentation in the EHR and/or
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International Classification of Diseases (ICD)-9/10 codes. Chronic obstructive pulmonary
disease was defined using the EHR, ICD-9/10 codes, and prior pulmonary function tests.
Pulmonary diseases other than chronic obstructive pulmonary disease, including asthma,
obstructive sleep apnea, pulmonary hypertension, and lung malignancy, were included in the
term “other lung diseases” and were identified using EHR documentation or ICD-9/10 codes.
The EHR was used to document a history of angiotensin-converting enzyme inhibitors and
angiotensin receptor blocker use. The triage vital signs on presentation to the emergency
department were used to identify the baseline systolic and diastolic blood pressure and the
mean arterial pressure. Outpatient use of antihypertensive medications or sustained systolic
blood pressure >140 mm Hg and diastolic blood pressure >80 mm Hg on admission were
used to determine hypertension. If intravenous fluids were administered within the first
12 h of presentation to the hospital, we also collected those data.

Proteinuria and Hematuria

Proteinuria was defined by presence of >1+ protein on urinalysis, hematuria was defined
as the presence of >4 red blood cells per high-power field on urinalysis, and urinary tract
infection was defined as presence of a positive urine culture. Patients were categorized as
having proteinuria or hematuria “on admission” if they had these findings within the first 48 h
of presentation to the emergency department. If these findings appeared on later urinalyses,
they were defined as “in-hospital” values. Admission proteinuria was analyzed in a cohort that
excluded patients with in-hospital proteinuria, while in-hospital proteinuria was analyzed in a
cohortthatexcluded patients with admission proteinuria. Cohorts foradmission and in-hospital
hematuria were analyzed similarly. A smaller subset of these cohorts included patients who
had both proteinuria and hematuria, termed “combined proteinuria/hematuria,” who were
compared to those who never developed proteinuria or hematuria.

Data on indwelling Foley catheter placement and anticoagulation use were also docu-
mented as these factors could influence in-hospital proteinuria and hematuria measure-
ments. Review of documentation and the EHR was done for each patient to see whether they
had an indwelling Foley catheter placed during the hospitalization prior to recording of
in-hospital hematuria or proteinuria. The EHR was also reviewed to determine whether
patients received any amount of therapeutic anticoagulation during the hospitalization. Deep
vein thrombosis chemical prophylactic dosing of heparin or enoxaparin was not considered
therapeutic anticoagulation.

Only 22 patients out of the 300 (7.33%) had urinalysis data recorded in the EHR in a
365-day period prior to admission. As this number was too small, we did not include these
data in our analysis.

Acute Kidney Injury

In patients with a documented baseline serum creatinine (SCr) within 3 months prior to
admission, “AKI on admission” was defined as a rise in SCr of 0.3 mg/dL or an increase 1.5
times the baseline based on the Kidney Disease: Improving Global Outcomes (KDIGO) defi-
nition [16]. For patients without a 3-month baseline SCr, “AKI on admission” was retroac-
tively defined as a SCr >1.2 mg/dL (upper limit of normal in Stony Brook University Medical
Center Lab) within the first 48 h of presentation to the emergency department with subse-
quent improvement by 50% during the hospitalization [14]. “In-hospital AKI” was diagnosed
based on KDIGO in those without admission AKI. Renal replacement therapy was defined as
the need for either hemodialysis, continuous kidney replacement therapy, or both. Admission
AKI was analyzed in a cohort that excluded patients with in-hospital AKI, while in-hospital
AKI was analyzed in a cohort that excluded patients with admission AKI. Patients who met
the criteria for both admission and in-hospital AKI were not included in either of the AKI
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analyses so that differences between admission and in-hospital AKI could be more clearly
delineated.

AKI classes for in-hospital AKI were assigned to all patients based on the Acute Kidney
Injury Network (AKIN) criteria [17]. Class 1 was assigned for an acute increase in SCr by 50%,
class 2 for an increase by 100%, and class 3 for an increase of 200% or if the patient required
renal replacement therapy during the hospitalization [17]. “Recovery from AKI” was defined
as improvement to the patient’s baseline or normal SCr [18].

Laboratory Data

“Admission” laboratory data were defined as data collected in the first 48 h of presen-
tation and included SCr, blood urea nitrogen (BUN), potassium, N-terminal prohormone of
brain natriuretic peptide (NT-proBNP), estimated glomerular filtration rate (eGFR), ferritin,
lactate dehydrogenase (LDH), erythrocyte sedimentation rate (ESR), D-dimer, and C-reactive
protein (CRP). eGFR was determined using the CKD-Epi equation [19]. Two composite scores
for inflammation were calculated, named “peak inflammation score” and “fold change inflam-
mation score,” based on the available laboratory data using methods based on previous
reported studies [20] and explained in our recent study [21]. “Peak” laboratory values for SCr,
ferritin, LDH, ESR, D-dimer, and CRP were also collected during the hospital course.

Outcomes
The data on outcomes of ICU admission, invasive mechanical ventilation (IMV), and
in-hospital death were obtained from EHR documentation.

Statistical Analysis

“Admission” values for AKI, proteinuria, and hematuria were all analyzed against
outcomes of ICU admission, IMV, and death, while “in-hospital” kidney abnormalities were
analyzed against the outcome of death alone. Statistical analysis was conducted in R 3.6.0,
including the core package stats [22]. Continuous variables were reported as mean (standard
deviation) or median (interquartile range) depending on normality. These variables were
then compared by either an independent t test or ANOVA for parametric variables and
Wilcoxon rank sum or Kruskal-Wallis test for nonparametric variables. Categorical variables
were compared by either a x? test or Fisher’s exact test as appropriate when data were sparse.
Logistic regression was used for multivariable analyses with dichotomous outcomes after
removing highly correlated features identified from bivariate study. These models repre-
sented a combination of inferential and descriptive analyses. A p value <0.05 was considered
statistically significant.

Results

Baseline Characteristics

Of the 321 RT-PCR-confirmed SARS-CoV-2 sequentially hospitalized patients aged >18
years, 300 patients who met the inclusion criteria were included in the study (online suppl.
Fig. 1; for all online suppl. material, see www.karger.com/doi/10.1159/000511946), of
whom 28% had proteinuria, 19% had hematuria, 9% had combined proteinuria/hematuria,
and 27% had AKI. The mean age was 59.3 + 17.7 years, with 133 patients (44.3%) with a
history of hypertension and 72 patients (24.0%) with diabetes (online suppl. Table 1). In the
study cohort, 38.7% had more than one comorbidity. Most patients were Caucasian (81.9%)
and a significant proportion were Hispanic (33.7%).
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Fig. 1. Forest plots for unadjusted and adjusted ORs and 95% CIs for admission values for proteinuria and
hematuria against outcomes of in-hospital AKI (A), ICU admission (B), IMV (C), and in-hospital death (D). All
“proteinuria on admission” analyses were adjusted for covariates of age, hypertension history, CKD history,
history of angiotensin receptor blocker use, systolic blood pressure on admission, eGFR on admission, and
SCr on admission. All “hematuria on admission” analyses were adjusted for covariates of diastolic blood pres-
sure on admission, BUN/SCr on admission, and peak BUN. Lastly, all “combined proteinuria/hematuria on
admission” analyses were adjusted for covariates of age, systolic blood pressure on admission, peak BUN,
peak ferritin, and peak D-dimer level. Logistic regression was used for multivariable analyses with dichoto-
mous outcomes after removing highly correlated features identified from bivariate study to obtain adjusted
ORs and 95% Cls. All graphs show independent variables grouped on the y axis with ORs and 95% CI graphed
on the x axis. Error bars represent 95% CI for each variable. AKI, acute kidney injury; BUN, blood urea nitro-
gen; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ICU, intensive care unit; IMV,
invasive mechanical ventilation; SCr, serum creatinine.

Proteinuria and hematuria data were not analyzed for 131 patients (43.7%) as 103
patients (34.3%) did not have a urinalysis done during their hospitalization and 28 patients
(9.3%) had a urinary tract infection. At admission only, 61 (20.3%) patients had proteinuria,
18 (6.0%) had hematuria, and 13 (4.3%) had combined proteinuria/hematuria. During hospi-
talization only, 23 (7.7%), 38 (12.7%), and 15 (5.0%) patients developed proteinuria, hema-
turia, and combined proteinuria/hematuria, respectively. Thirty-five patients (11.7%) had
AKI at admission, 28 (9.3%) during hospitalization, and 19 (6.3%) met the criteria for both
AKI on admission and in-hospital AKI.

Of the 300 patients, admission laboratory data were not available for ferritin (143,
47.7%), LDH (42, 14%), ESR (160, 53.3%), D-dimer (122, 40.7%), and CRP (41, 13.7%).

Proteinuria and Hematuria on Admission
Table 1 shows the demographics, laboratory data, and clinical outcomes of patients with
admission proteinuria and hematuria, respectively.
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Patients with proteinuria at admission were older and had a higher prevalence of hyper-
tension, CKD, and angiotensin receptor blocker use compared to those without. Admission
ferritin, D-dimer, NT-proBNP, and peak values for BUN, ferritin, CRP, and inflammation score
were associated with proteinuria (Table 1). Those with admission proteinuria had a higher
incidence of in-hospital AKI, ICU admission, and death compared to those without proteinuria
(Table 1). After controlling for multiple covariates, admission proteinuria remained signifi-
cantly associated with in-hospital AKI (OR 4.71, 95% CI 1.28-17.38, p = 0.02) (Fig. 1).

Admission hematuria was associated with increased baseline D-dimer, NT-proBNP, and
peak BUN. Those with hematuria at admission had a higher incidence of in-hospital AKI, ICU
admission, IMV, and death compared to those without hematuria (Table 1). On multivariable
analysis, admission hematuria remained significantly associated with ICU admission (OR
4.56,95% CI 1.12-18.64, p = 0.03), IMV (OR 8.79, 95% CI 2.08-37.00, p = 0.003), and death
(OR 18.03,95% CI 2.84-114.57, p = 0.002) (Fig. 1).

Combined proteinuria/hematuria was associated with an increased risk of ICU admission,
IMV, and death (online suppl. Table 2). These relationships did not show statistical significance
on multivariable analysis, although there was a trend toward significance for ICU admission
(OR5.35,95% CI 0.88-40.24, p = 0.08) and IMV (OR 6.99,95% CI 1.08-59.12, p = 0.05) (Fig. 1).

In-Hospital Proteinuria and Hematuria

Table 2 shows differences in demographics, laboratory data, and clinical outcomes for
patients with in-hospital proteinuria and hematuria, respectively.

Patients with in-hospital proteinuria had higher LDH, while those with in-hospital hema-
turia had higher LDH, D-dimer, and CRP on admission. Patients with proteinuria, hematuria,
and combined proteinuria/hematuria during hospitalization were more likely to be male and
had an independent association with in-hospital AKI, indwelling Foley catheter use, use of
anticoagulation, increased inflammatory scores, ICU admission, IMV, and death (Table 2;
online suppl. Table 3).

On multivariable analysis, in-hospital proteinuria remained significantly associated with
mortality (OR 8.94,95% CI 1.19-114.4, p = 0.04), while hematuria and combined proteinuria/
hematuria did not (Fig. 2).

AKI on Admission

Online supplementary Table 4 shows differences in demographics, laboratory data, and
clinical outcomes for patients with admission AKI. Thirty-five patients (13.8%) met the
criteria for AKI on admission, which was notsignificantly associated with outcomes of interest,
and 33 (94%) had complete recovery.

Multivariable analysis for predictors of admission AKI showed that Hispanic ethnicity
had a lower risk (OR 0.20, 95% CI 0.06-0.75), while history of hypertension was associated
with increased risk of AKI on admission (OR 3.32,95% CI 1.02-10.8) (online suppl. Table 5).

In-Hospital AKI

Online supplementary Tables 6, 8, and 9 show differences in demographics, laboratory
data, and clinical outcomes for patients with in-hospital AKI, AKIN classes, and recovery,
respectively. Twenty-eight patients (11.4%) met the criteria for in-hospital AKI, and of those
28.6%, 42.9%, and 28.6% had AKIN classes 1, 2, and 3, respectively.

On multivariable analysis, history of hypertension (OR 6.53, 95% CI 1.27-42.74) and
admission CRP (OR1.13,95% CI1.05-1.23) (online suppl. Table 7) were significant predictors,
and in-hospital AKI was significantly associated with in-hospital death (OR 27.14, 95% CI
4.44-240.17, p = 0.009) (online suppl. Fig. 2).
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Fig. 2. Forest plot for unadjusted and adjusted ORs and 95% CIs for in-hospital values for proteinuria and
hematuria against outcome of in-hospital death. Analysis for “in-hospital proteinuria” was adjusted for co-
variates of sex, peak SCr, peak BUN, peak BUN/SCr, in-hospital AKI, indwelling Foley catheter use, use of an-
ticoagulation, peak inflammation score, fold change inflammation score, and IMV. Analysis for “in-hospital
hematuria” was adjusted for covariates of peak BUN/SCr, CRP on admission, in-hospital AKI, indwelling
Foley catheter use, use of anticoagulation, peak inflammation score, fold change inflammation score, and IMV.
Lastly, analysis for in-hospital “combined proteinuria/hematuria” was adjusted for covariates of sex, peak
BUN/SCr, in-hospital AKI, indwelling Foley catheter use, use of anticoagulation, peak inflammation score,
fold change inflammation score, and IMV. Logistic regression was used for multivariable analyses with di-
chotomous outcomes after removing highly correlated features identified from bivariate study to obtain ad-
justed ORs and 95% Cls. Independent variables are grouped on the y axis with ORs and 95% CI graphed on
the x axis. Error bars represent 95% CI for each variable. AKI, acute kidney injury; BUN, blood urea nitrogen;
CRP, C-reactive protein; IMV, invasive mechanical ventilation; SCr, serum creatinine.

Among the patients with in-hospital AKI, 17 (61%) experienced complete recovery. On
multivariable analysis, recovery was associated with decreased risk of in-hospital death (OR
0.001, 95% CI 0.001-0.06, p = 0.01) (online suppl. Fig. 2).

Discussion/Conclusions

To our knowledge, this is the first report of the association of hematuria and proteinuria
with adverse outcomes including death in a US population of hospitalized patients with
COVID-19. We made the following novel observations in this study: (1) Admission proteinuria
was associated with AKI during hospitalization. (2) Admission hematuria was associated
with ICU admission, IMV, and death. (3) Proteinuria during hospitalization was significantly
associated with increased risk of death. Consistent with previous studies, we also reported
that in-hospital AKI was associated with a history of hypertension and with increased risk of
death. Recovery from AKI reduced the risk of death.

As reported in non-US cohorts [8, 14], we observed a high prevalence of hematuria and
proteinuria in patients hospitalized with COVID-19. We noted that even after adjustment of
significant baseline differences, proteinuria and hematuria at admission significantly influ-
enced in-hospital outcomes. Those with admission proteinuria had a 4.7 times higher risk of
in-hospital AKI, while those with admission hematuria had a 4.6 times higher risk of ICU
admission, an 8.8 times higher risk of requiring IMV, and an 18 times higher risk of death. Our
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data supportdata from other non-US cohorts [8, 14], emphasizing the importance of admission
urinalysis in COVID-19. Pei et al. [14] analyzed 333 Chinese patients hospitalized with
COVID-19 and observed that those with renal involvement (hematuria, proteinuria, or AKI)
had higher hospital mortality than those without (11.2 vs. 1.2%). In another study of 701
Chinese patients hospitalized with COVID-19, Cheng et al. [8] reported that proteinuria and
hematuria were associated with an increased risk of in-hospital death after adjusting for age,
sex, disease severity, comorbidity, and leukocyte count. These studies did not report the asso-
ciation of other outcomes such as inflammation, ICU admission, or IMV as our study.

To our knowledge, there are no reports of the outcomes associated with de novo
proteinuria and hematuria that occur during hospitalization for COVID-19. Hirsch et al. [9]
reported that both proteinuria and hematuria were common 24 h before and up to 48 h after
the development of AKI, but no independent association with outcomes was reported. For
in-hospital proteinuria and hematuria, we only tested the outcome of hospital death since
other outcomes sometimes preceded the onset of proteinuria or hematuria. In-hospital
proteinuria was significantly associated with death, with a risk of 8.9 times compared to those
without proteinuria. This important finding again highlights the significance of urinalysis in
patients with COVID-19.

The associations between AKI, proteinuria, and hematuria in hospitalized patients before
COVID-19 is well-documented. For example, in-hospital AKI is associated with proteinuria,
and this relationship increases with severity of AKI, possibly leading to CKD [23, 24]. Hema-
turia was also reported to be associated with AKI, both as a possible cause through tubular
obstruction and heme pigment-induced kidney injury as well as a consequence of AKI due to
renal inflammation [25, 26]. Data on the prevalence, risk, and associated outcomes related to
proteinuria and hematuria in patients with COVID-19 are more limited. While we excluded
all patients with urinary tract infection, the etiology of hematuria and proteinuria remains
unclear. Due to precautionary measures taken in the severe COVID-19 outbreak in March and
April 2020, most patients did not have kidney imaging or biopsy done for diagnostic purposes.
Nonetheless, our data provide important prognostic information to all healthcare providers
in managing patients with COVID-19 during hospitalization. Our data also provide infor-
mation to researchers to investigate causes of hematuria and proteinuria in patients with
COVID-19 and test the impact of potential preventive therapies in future waves of this
pandemic.

In our study, we also noted a 27% prevalence of AKI, which is less than reported by other
US cohorts, possibly due to the differences in baseline characteristics of patients. For example,
compared to Hirsch etal. [9], our cohort was younger and had a lower proportion of diabetics
and hypertensives. History of hypertension was significantly associated with both admission
and in-hospital AKI in our cohort, as reported in other studies of AKI in COVID-19 [9]. Itis not
clear why the history of hypertension increases AKI risk in COVID-19. Baseline vascular
disease might be contributing to impaired autoregulation in the kidney, thereby placing
hypertensive patients at higher risk of AKI from the vascular and hemodynamic abnormal-
ities noted in COVID-19. While admission AKI was not associated with adverse outcomes in
our cohort, patients with in-hospital AKI had a significantly higher risk of death compared to
those without in-hospital AKI, consistent with other studies [8, 9, 14]. The importance of AKI
in hospitalized patients with COVID-19 is reinforced by our finding that recovery was asso-
ciated with a major reduction in mortality risk.

SARS-CoV-2 utilizes angiotensin-converting enzyme 2 (ACE2) as a port of entry into cells
[27], which is found mainly in the proximal tubules and to a lesser extent in podocytes [28].
Recent pathology data from autopsy and kidney biopsy studies are against direct viral toxicity
being a primary mechanism of kidney injury in COVID-19 [29-31]. These studies suggest
acute tubular injury [29, 31] and cytokine-mediated hyperimmune response [30] as potential
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mechanisms of kidney injury. It has been postulated that SARS-CoV-2 binding to ACE2 on
endothelial cells induces an inflammatory response leading to a systemic vasculitis-like
syndrome [32]. Other postulated hypotheses for kidney injury include angiotensin 2 pathway
activation, dysregulation of complement, hypercoagulation, and microangiopathy [33].
Severe inflammation of the kidney [34, 35] could contribute to the hematuria and proteinuria.
In addition, traditional risk factors such as sepsis, hypotension, and nephrotoxic drugs might
contribute to the acute tubular injury.

This study also has significant limitations. It was a single-center study with a small cohort
size. We had incomplete data for inflammation as well as for proteinuria and hematuria,
thereby reducing the cohort sizes in those analyses. We also were unable to distinguish
patients who had preexisting proteinuria and hematuria prior to presentation (preexisting
CKD) from those who had it new-onset on admission (acute kidney impairment as a part of
COVID-19) due to lack of previous urinalysis in the EHR in most patients. We did not have
data on the severity of hematuria or proteinuria either. We could not discern the etiologies of
proteinuria and hematuria in this study. The majority of the patients in our cohort were
Caucasians, limiting generalizations to other racial groups. Finally, we did not have urine
output data available for accurate analysis, and the definition of AKI was limited to SCr
measures only.

The biggest strength of our study is that all patients had a 100% disposition (death or
discharged alive) to avoid the pitfall in previously published studies with a large number of
patients who remained “active” in the hospital. Another key strength is that we conducted a
separate analysis of admission and in-hospital kidney abnormalities, unlike previous studies
that did not tease out this difference. Other strengths include adjusting for multiple covariates
and investigating multiple markers of inflammation.

In conclusion, hematuria and proteinuria, both at the time of admission and new-onset
during hospitalization, are associated with adverse outcomes in hospitalized patients with
COVID-19. Further studies are required to investigate the etiologies of these kidney abnor-
malities.
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