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Abstract

Objective: To determine the incidence of and risk factors for the development of acute kidney injury
(AKI) and investigate the association between AKI and mortality in patients hospitalized with coronavirus
disease 2019 (COVID-19) infection.
Patients and Methods: This retrospective case series includes the first 370 patients consecutively hos-
pitalized with confirmed COVID-19 illness between March 10, 2020, and May 13, 2020, at a 242-bed
teaching hospital. To determine independent associations between demographic factors, comorbid con-
ditions, and AKI incidence, multivariable logistic regression models were used to estimate odds ratios
adjusted for clinical covariates.
Results: Median age of patients was 71 (interquartile range, 59-82) years and 44.3% (145 of 327) were
women. Patients with AKI were significantly older with a higher comorbid condition burden and mortality
rate (58.1% [104 0f 179] vs 19.6% [29 of 148]; P<.001) when compared with those without AKI.
Increasing age, chronic kidney disease, hyperlipidemia, and being of African American descent showed
higher odds of AKI. Patients with AKI had significantly higher odds of mortality when compared with
patients without AKI, and this effect was proportional to the stage of AKI. Increasing age and acute
respiratory distress syndrome also revealed higher adjusted odds of mortality.
Conclusions: Acute kidney injury is a common complication among hospitalized patients with COVID-
19 infection. We found significantly higher odds of AKI with increasing age and among patients with
hyperlipidemia, those with chronic kidney disease, and among African Americans. We demonstrate an
independent association between AKI and mortality with increasingly higher odds of mortality from
progressively worsening renal failure in hospitalized patients with COVID-19 infection.
ª 2020 THEAUTHORS. PublishedbyElsevier Inc onbehalf ofMayoFoundation forMedical Education andResearch. This is anopenaccessarticle under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) n Mayo Clin Proc Inn Qual Out 2020;4(6):687-695
From the Department of
Medicine, Montefiore
New Rochelle Hospital,
New Rochelle, NY.
I n December 2019, a cluster of patients
with pneumonia was reported in Wuhan,
Hubei Province, China ,which was later

identified to be caused by a novel coronavirus,
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2).1 The illness caused by SARS-
CoV-2, coronavirus disease 2019 (COVID-19),
was declared as a pandemic by theWorld Health
Organization on March 11, 2020. The illness
mainly manifests as fever, cough, myalgia or fa-
tigue, sputum production, headache, and diar-
rhea.2 The severity of COVID-19 illness can
run the spectrum from asymptomatic infection,
Mayo Clin Proc Inn Qual Out n December 2020;4(6):687-695 n http
www.mcpiqojournal.org n ª 2020 THE AUTHORS. Published by Else
access article under the CC BY-NC-ND license (http://creativecommons
self-limitedflu-like illness, and acute pneumonia
to sepsis leading to life-threatening complica-
tions, including acute respiratory distress syn-
drome (ARDS), acute cardiac injury, acute
kidney injury (AKI), and septic shock.3,4

The reported incidence of AKI in COVID-19
has ranged from 0.5% to 27% among hospital-
ized patients.2,3,5-7 Reports on the incidence of
AKI in hospitalized patients fromWestern coun-
tries are lacking and much needed. For this
study, we aimed to determine the incidence of
AKI in patients hospitalized with COVID-19
infection and assess demographic factors and
s://doi.org/10.1016/j.mayocpiqo.2020.07.003
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comorbid conditions that portend an increased
risk for AKI in these patients. We also evaluated
the association between AKI and mortality in
these patients.

PATIENTS AND METHODS

Data Source
This retrospective case series includes the first
370 patients consecutively hospitalized with
confirmed COVID-19 illness between March
10, 2020, and May 13, 2020, at a 242-bed
teaching community hospital in the New
York City metropolitan area. The hospital
has a 12-bed intensive care unit and serves
approximately 250,000 people in southern
Westchester County, New York. Cases were
confirmed through a positive result for
SARS-CoV2 virus by reverse-transcriptase
polymerase chain reaction testing of nasopha-
ryngeal swab specimens. Data were manually
abstracted from electronic health records by
the authors and included demographic charac-
teristics, comorbid conditions, and outcomes
(AKI, ARDS, mortality, or discharge). Three
authors (A. Nimkar, A. Naaraayan, and S.P.)
independently reviewed the data for accuracy.
Patient outcomes were followed up until June
10, 2020.

Definition of Patient Characteristics
Comorbid conditions derived from the pa-
tients or nursing home transfer forms were
abstracted from physician documentation on
the electronic health records. Patients with
end-stage renal disease were all patients with
renal disease receiving long-term dialysis treat-
ment. Cardiac disease was defined as chronic
heart conditions including but not limited to
coronary artery disease, previous myocardial
infarction, cardiac arrhythmias, congestive
heart failure, presence of pacemaker or defi-
brillator device, and previous coronary artery
bypass grafting or percutaneous coronary
intervention. Body mass index (BMI; calcu-
lated as the weight in kilograms divided by
the height in meters squared) was used to
classify patients into normal weight (BMI,
18.5-24.9 kg/m2), overweight (BMI, 25-29.9
kg/m2), obese (BMI �30 kg/m2), and
malnourished (BMI <18.5 kg/m2) categories,
based on the classification by the World
Health Organization.8 Primary insurance
Mayo Clin Proc Inn Qual Out n December 2020
coverage was classified as Medicare, Medicaid,
private, or other (self-pay/no insurance). Race
was categorized into 1 of the 4 groups: white,
African American, Hispanic, and other.

Acute kidney injury was identified as
defined by the criteria from Kidney Disease:
Improving Global Outcomes and the Interna-
tional Society of Nephrology.9 We did not
have access to preadmission baseline creatinine
values for most patients. Therefore, we consid-
ered the lowest creatinine level recorded during
admission as the baseline and then retrospec-
tively compared this “baseline” with the highest
creatinine level recorded.10 We did not include
urine output in our determination of AKI given
the heterogeneity of urine output recordings
and the high degree of missing data. Using Kid-
ney Disease: Improving Global Outcomes
criteria, AKIwas further characterized into stages
on the basis of the maximal difference between
baseline and peak creatinine levels during the
hospital stay. Acute kidney injury was staged
as follows: 1) stage 1, increase in serum creati-
nine level to 1.5 to 1.9 times baseline or increase
in serum creatinine level by 0.3 mg/dL or greater
(�26.5 mmol/L; to convert to mmol/L, multiply
by 88.4); 2) stage 2, increase in serum creatinine
level to 2.0 to 2.9 times baseline; 3) stage 3, in-
crease in serumcreatinine level to 3.0 times base-
line or increase to 4.0 mg/dL or greater. Acute
respiratory distress syndrome was defined as
per the Berlin criteria.11

We could not determine AKI status for pa-
tients with only 1 creatinine value recorded
during the hospital stay and thus excluded
these patients from analysis (n¼10). We also
excluded patients with end-stage renal disease
(n¼28). Patients who did not yet have a defi-
nite outcome of mortality or discharge, that is,
patients who were still being treated at the
time of writing, were also excluded (n¼5). Af-
ter said exclusions, the final analysis included
327 patients.

Outcome Measures and Statistical Analyses
We computed median, interquartile range, fre-
quency, and percentage as our descriptive vari-
ables. Differences in median and percentage
were assessed using the Mann-Whitney and
c2 test, respectively. We calculated odds ratios
(ORs) for outcomes, AKI, and mortality by
univariable- and age-sexeadjusted models. To
determine independent associations between
;4(6):687-695 n https://doi.org/10.1016/j.mayocpiqo.2020.07.003
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TABLE 1. Characteristics and Outcomes of Patients Admitted With Coronavirus Disease 2019a

Patient Characteristic
Overall
(n¼327)

Patients With
AKI (n¼179)

Patients Without
AKI (n¼148) Pc

Demographic characteristics
Age (y), median (interquartile range) 71 (59-82) 75 (63-85) 67 (53.5-78) <.001b

Male sex, no. (%) 182 (55.7) 101 (56.4) 81 (54.7) .8
Race/ethnicity, no. (%)
White 111 (33.9) 60 (33.5) 51 (34.5) .9
African American 116 (35.5) 77 (43.0) 39 (26.4) .002
Hispanic 65 (19.9) 26 (14.5) 39 (26.4) .01b

Other 35 (10.7) 16 (8.9) 19 (12.8) .3
Admission source home, no. (%) 212 (64.8) 108 (60.3) 104 (70.3) .06
Insurance, no. (%)
Medicare 125 (38.2) 70 (39.1) 55 (37.2) .7
Medicaid 42 (12.8) 21 (11.7) 21 (14.2) .5
Private insurance 147 (45.0) 84 (46.9) 63 (42.6) .4
Self-pay or other 13 (4.0) 4 (2.2) 9 (6.1) .08

Comorbid conditions, no. (%)

Hypertension 209 (63.9) 126 (70.4) 83 (56.1) .01b

Diabetes mellitus 139 (42.5) 87 (48.6) 52 (35.1) .01b

Hyperlipidemia 114 (34.9) 76 (42.5) 38 (25.7) .001b

Cardiac disease 98 (30.0) 59 (33.0) 39 (26.4) .2
Chronic kidney disease 40 (12.2) 33 (18.4) 7 (4.7) <.001b

Chronic obstructive pulmonary disease 44 (13.5) 24 (13.4) 20 (13.5) .9
Stroke or dementia 91 (27.8) 59 (32.9) 32 (21.6) .02
Smoking 56 (17.1) 29 (16.2) 27 (18.2) .6
Malignancy 66 (20.2) 36 (20.1) 30 (20.3) .9
Obesity 113 (34.6) 63 (35.2) 50 (33.8) .8

Mortality, no. (%) 133 (40.7) 104 (58.1) 29 (19.6) <.001b

aAKI ¼ acute kidney injury.
bDifference in median and percentage were calculated using the Mann-Whitney and c2 test, respectively.
cStatistically significant.

ACUTE KIDNEY INJURY IN COVID-19
demographic factors, comorbid conditions, and
AKI incidence, multivariable logistic regression
models were used to estimate ORs adjusted for
clinical covariates. Demographic factors (age,
sex, and race) and major comorbid conditions
(hypertension, diabetes, and cardiac disease)
were considered the 6 essential covariates and
always included for adjustment in the multivar-
iable model. In addition, covariates that
showed significant odds in the age-
sexeadjusted model were included in the
multivariable models. As an additional covari-
ate to calculate OR for mortality, ARDS was
used. Two-sided P<.05 was considered statisti-
cally significant. Data were analyzed using
Stata, version 13.0 (Stata Corp).
Statement of Ethics
The study was carried out in accordance with
the Declaration of Helsinki and was approved
Mayo Clin Proc Inn Qual Out n December 2020;4(6):687-695 n http
www.mcpiqojournal.org
by the departmental research review commit-
tee with a waiver of informed consent due to
its retrospective design (approval number
20.5.01).
RESULTS
Median age of patients was 71 (interquartile
range, 59-82) years and 44.3% (145 of 327)
were women. The most commonly observed
comorbid conditions in the 327 patients
were hypertension (63.9% [n¼209]), diabetes
(42.5% [n¼139]), hyperlipidemia (34.9%
[n¼114]), obesity (34.6% [n¼113]), and car-
diac diseases (29.9% [n¼98]; Table 1). The
overall mortality rate was 40.7% (133 of
327). In 179 (54.7%) patients, AKI was
observed; 69 (21.1%) had stage 1, 42
(12.8%) had stage 2, and 68 (20.8%) had
stage 3 AKI. In 137 of 179 (76.5%) patients,
AKI was present on admission and another
s://doi.org/10.1016/j.mayocpiqo.2020.07.003 689

https://doi.org/10.1016/j.mayocpiqo.2020.07.003
http://www.mcpiqojournal.org


TABLE 2. Odds of AKI in Patients Hospitalized With Coronavirus Disease 2019a,b

Demographic and Clinical Characteristics
Age-SexeAdjusted

Odds P
Multivariable
Analysis P

Demographic characteristic
Age d d 1.03 (1.01-1.05) .007c

Male sex (vs female) d d 1.3 (0.8-2.2) .3
Race (vs white) d d d d

African American 2.1 (1.2-3.7) .01c 2.01 (1.1-3.6) .02c

Hispanic 0.9 (0.4-1.7) .7 0.9 (0.4-1.8) .7
Other 0.8 (0.4-1.8) .6 0.7 (0.3-1.6) .4

Nursing home admit (vs home) 1.01 (0.6-1.7) .9 d d

Insurance (vs Medicare) d d

Medicaid 2.3 (0.9-5.4) .07 d d

Private 1.7 (0.9-2.9) .07 d d

Other 0.7 (0.2-2.4) .5 d d

Comorbid condition

Hypertension 1.4 (0.9-2.3) .2 0.9 (0.5-1.6) .7
Diabetes mellitus 1.7 (1.1-2.7) .03c 1.5 (0.9-2.4) .1
Hyperlipidemia 1.8 (1.1-2.9) .02c 1.8 (1.04-3.01) .03c

Cardiac disease 0.9 (0.6-1.7) .9 0.8 (0.5-1.4) .4
Chronic kidney disease 3.7 (1.6-8.9) .003c 3.3 (1.4-7.9) .008c

Chronic obstructive pulmonary disease 0.8 (0.4-1.5) .4 d d

Stroke or dementia 1.2 (0.7e2.1) .6 d d

Smoking 0.7 (0.4e1.3) .3 d d

Malignancy 0.8 (0.4e1.4) .4 d d

BMI class (kg/m2) (vs normal, 18.5-24.9) d d d d

Overweight, 25-29.9 0.6 (0.3-1.01) .06 d d

Obese, �30 1.05 (0.6-1.9) .9 d d

Underweight, <18.5 0.5 (0.1-1.9) .3 d d

aAKI ¼ acute kidney injury; BMI ¼ body mass index.
bOdds adjusted for race, hyperlipidemia, and chronic kidney disease in addition to 6 essential covariates (age, sex, race, hypertension,
diabetes, and cardiac disease).
cStatistically significant.
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26 (14.5%) patients developed AKI within 48
hours of admission. Twenty patients received
urgent dialysis for stage 3 AKI. Patients with
AKI were significantly older, less likely to be
Hispanic, and had a higher prevalence of ma-
jor comorbid conditions (hypertension, dia-
betes, hyperlipidemia, and chronic kidney
disease [CKD]) when compared with patients
without AKI. Mortality was significantly
higher in patients with AKI when compared
with patients without AKI (58.1% [104 of
179] vs 19.6% [29 of 148]; P<.001; Table 1).

On univariable analysis, age, hypertension,
diabetes, hyperlipidemia, and CKD had higher
odds of AKI in patients with COVID-19 infec-
tion (Supplemental Table 1, available online at
https://mcpiqojournal.org). In the age-
sexeadjusted model, race, diabetes, hyperlip-
idemia, and CKD showed higher odds of
Mayo Clin Proc Inn Qual Out n December 2020
AKI. Covariates in the multivariable model
for AKI thus included the 6 essential covariates
identified in the methodology, along with
race, hyperlipidemia, and CKD. In the multi-
variable model, increasing age (OR, 1.03 for
every 1-year increase in age; 95% CI, 1.01 to
1.05; P¼.007), African American race, pres-
ence of CKD, and hyperlipidemia showed
higher odds of AKI (Table 2).

On univariable analysis, AKI, ARDS,
increasing age, insurance, nursing home status,
and several comorbid conditions showed higher
odds of mortality (Supplemental Table 2, avail-
able online at https://mcpiqojournal.org). Age-
sexeadjusted analysis demonstrated that AKI,
ARDS, and BMI class had significant impacts
on odds of mortality. Thus, these covariates
were included in addition to the 6 preidentified
essential covariates in the multivariable model
;4(6):687-695 n https://doi.org/10.1016/j.mayocpiqo.2020.07.003
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TABLE 3. Odds of Mortality With AKI in Patients Hospitalized With Coronavirus Disease 2019a,b

Demographic and Clinical Characteristics

Age- and
Sex-Adjusted

Odds P
Multivariable
Analysis P

AKI
Stage 1 2.7 (1.4-5.2) .003 2.8 (1.002-7.8) .049c

Stage 2 5.1 (2.4-10.9) <.001 3.3 (1.05-10.5) .04c

Stage 3 9.2 (4.6-18.3) <.001 4.8 (1.6-14.5) .01c

ARDS 38.1 (17.4-83.4) <.001 32.6 (12.8-83.6) <.001c

Demographic characteristics

Age d d 1.06 (1.03-1.1) <.001c

Male sex (vs female) d d 1.5 (0.7-3.3) .3
Race (vs white) d d d d

African American 0.8 (0.5-1.4) .5 0.4 (0.2-1.1) .08
Hispanic 1.5 (0.7-2.9) .3 0.6 (0.2-2.1) .4
Other 0.6 (0.2-1.3) .2 0.5 (0.1-1.9) .3

Nursing home admit (vs home) 1.4 (0.8-2.3) .3 d d

Insurance (vs Medicare) d d d d

Medicaid 1.4 (0.6-3.4) .5 d d

Private 0.7 (0.4-1.2) .2 d d

Other 0.8 (0.2-3.2) .8 d d

Comorbid condition

Hypertension 1.1 (0.7-1.8) .7 0.6 (0.2-1.3) .2
Diabetes mellitus 1.3 (0.8-2.1) .2 1.1 (0.5-2.3) .9
Hyperlipidemia 1.4 (0.8-2.2) .2 d d

Cardiac disease 1.1 (0.7-1.9) .7 1.7 (0.7-3.9) .2
Chronic kidney disease 0.8 (0.4-1.6) .5 d d

Chronic obstructive pulmonary disease 0.7 (0.4-1.4) .3 d d

Stroke or dementia 1.1 (0.6-1.9) .7 d d

Smoking 0.8 (0.4-1.5) .5 d d

Malignancy 1.2 (0.7-2.1) .5 d d

BMI class (kg/m2), (vs normal, 18.5-24.9) d d d d

Overweight, 25-29.9 1.8 (1.01-3.3) .047 1.9 (0.7-5.5) .2
Obese, �30 2.2 (1.1-4.1) .02 1.6 (0.6-4.3) .4
Underweight <18.5 1.3 (0.3-5.4) .8 1.3 (0.1-14.9) .8

aAKI ¼ acute kidney injury; ARDS ¼ acute respiratory distress syndrome, BMI ¼ body mass index.
bOdds adjusted for AKI, ARDS, and BMI class in addition to 6 essential covariates (age, sex, race, hypertension, diabetes, and cardiac
disease).
cStatistically significant.

ACUTE KIDNEY INJURY IN COVID-19
for mortality. Onmultivariable analysis, patients
with AKI had significantly higher odds of mor-
tality when compared with patients without
AKI, and this effect was proportional to the
AKI stage (Table 3; Figure). In addition to AKI,
advancing age and ARDS were the only other
covariates to significantly affect in-hospital mor-
tality (Table 3).

DISCUSSION
Although COVID-19 infection manifests pri-
marily in the lungs, it is increasingly being
recognized for involvement of the kidney,
Mayo Clin Proc Inn Qual Out n December 2020;4(6):687-695 n http
www.mcpiqojournal.org
gastrointestinal-tract, heart, and coagulation
system. Even as scientific data linking
COVID-19 infection to kidney disease are
expanding, there is a dearth of clinical data
for the incidence of AKI in COVID-19 infec-
tion. We present one of the first reports assess-
ing AKI among hospitalized patients with
COVID-19 infection in the Western hemi-
sphere. This is also one of the first studies
proving the association of AKI with mortality
in COVID-19. We saw increasing odds of
mortality with progressively severe renal fail-
ure in these patients. This effect on mortality
s://doi.org/10.1016/j.mayocpiqo.2020.07.003 691
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AKI stage 1

AKI stage 2

AKI stage 3

ARDS

Age

Male sex

African American

Hispanic

Other ethnicities

Hypertension

Diabetes

Cardiac disease

BMI-underweight

BMI-overweight

BMI-obese

0 10 20 30 40

Odds of mortality in COVID-19 patients

Odds ratio (CI) P
2.8 (1.002-7.8) .049

3.3 (1.05-10.5) .04

4.8 (1.6-14.5) .01

32.6 (12.8-83.6) <.001

1.06 (1.03-1.1) <.001

1.5 (0.7-3.3) .3

0.4 (0.2-1.1) .08

0.6 (0.2-2.1) .4

0.5 (0.1-1.9) .3

0.6 (0.2-1.3) .2

1.1 (0.5-2.3) .9

1.7 (0.7-3.9) .2

1.9 (0.7-5.5) .2

1.6 (0.6-4.3) .4

1.3 (0.1-14.9) .8

FIGURE. Adjusted odds of mortality in patients hospitalized with coronavirus disease 2019. AKI ¼ acute
kidney injury; ARDS ¼ acute respiratory distress syndrome; BMI ¼ body mass index.
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persisted despite adjusting for demographics,
comorbid conditions, and acute lung injury
(ARDS), which has been shown to be the
primary pathway for serious illness and mor-
tality.5,12 We also saw higher adjusted odds
of mortality with increasing age and in patients
with ARDS (Figure).

These findings are similar to the experience
from China, although our data are based on
multivariate analysis and are thus more
robust.5,13 Multivariate analysis by Chu et al14

from the 2002 to 2003 SARS-coronavirus
epidemic identified almost identical risk factors
for mortality as our study. In their study, the
authors described increasing odds of mortality
with age, AKI, and ARDS, similar to our anal-
ysis, supporting the validity of our findings.

There are several mechanisms by which
COVID-19 infection could affect the kidney.
One of the mechanisms involves the cytokine
release syndrome or the “cytokine storm”

from sepsis in response to SARS-CoV-2.2

Cytokine release syndrome has been reported
in COVID-19 infection and could cause AKI
by leading to intrarenal inflammation,
increased vascular permeability, volume deple-
tion, and cardiomyopathy, which can lead to
cardiorenal syndrome. Studies have reported
similar expression of angiotensin-converting
Mayo Clin Proc Inn Qual Out n December 2020
enzyme 2 (ACE-2) among old and young indi-
viduals. However, there is a tendency for a
stronger immune response, potentially leading
to cytokine stormerelated injury in the lungs
of older individuals.15 Increased mortality
with increasing age could thus be a reflection
of a more robust increase in cytokine levels
in the elderly.

Organ cross-talk in COVID-19 infection
could be another mechanism for AKI. Rhabdo-
myolysis leading to acute tubular necrosis,
alveolar damage leading to renal medullary
hypoxia, and acute tubular necrosis secondary
to abdominal compartment syndrome from
high peak airway pressure and intra-
abdominal hypertension are some of the
possible scenarios.16 Systemic effects of severe
sepsis such as endothelial damage leading to
third-space fluid loss and hypotension, as
well as endotoxin levels, could be another
pathway for AKI in COVID-19 infection.

In addition to renal dysfunction as a result
of immune dysregulation, emerging evidence
suggests the possibility of a direct cytopathic
effect of SARS-CoV-2 on the kidney. Although
SARS-CoV-2 enters the human body mostly
through lungs (and occasionally the gastroin-
testinal tract), RNA viremia has been reported
during infection (15% of cases), thus allowing
;4(6):687-695 n https://doi.org/10.1016/j.mayocpiqo.2020.07.003
www.mcpiqojournal.org
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ACUTE KIDNEY INJURY IN COVID-19
the virus to reach all organs in the body,
including the kidneys.2 In addition, ACE-2,
which has been described as the most likely
“receptor” for viral entry into human cells
(along with serine proteases), is heavily
expressed in tissues outside the lungs. Studies
report higher expression of ACE-2 in intestine,
testis, heart, and kidneys than in the
lungs.15,17 In a recent report of postmortem
analysis of 26 patients with COVID-19 infec-
tion, 7 patients were found to have coronavi-
rus particles with distinctive spikes in the
renal tubular epithelium and podocytes.18 In
addition to viral particles, acute tubular necro-
sis, lymphocyte infiltration, and enhanced
CD68þ macrophages have been described in
the interstitium with membrane attack com-
plex (complement C5b-9) deposition on
tubules.6

The incidence of AKI in our study was
much higher than previously reported. This
could partly be due to a difference in fre-
quency of testing creatinine levels because
detection of AKI is mainly based on acute
changes in serum creatinine levels and the fre-
quency of serum creatinine tests has a substan-
tial impact on detection rate.5 Pan et al
demonstrated higher ACE-2 expression in kid-
neys of donors from Western countries
compared with Asian populations, which
could in part explain the higher rates of AKI
in our study.17 We used serum creatinine
values during the entire hospitalization to
calculate the difference between baseline and
peak creatinine levels because kidney dysfunc-
tion in COVID-19 infection might not be
readily evident at admission and progress dur-
ing hospitalization.13 This may be because the
cytokine storm can occur a few days after
illness onset, thus resulting in AKI days after
hospitalization.19 In our study, 35 of 179
(19.6%) AKI diagnoses were made past the
traditionally used limit of the initial 48 hours
of hospital stay. Using the entire hospital
stay to calculate AKI instead of the first 48
to 72 hours may be another reason for a seem-
ingly higher AKI incidence in our study.

We saw higher adjusted odds of AKI in
older individuals, African Americans, and indi-
viduals with hyperlipidemia and history of
CKD. Older age has consistently been reported
as a risk factor for worse outcome, including
mortality and AKI.5,12 Our observation of
Mayo Clin Proc Inn Qual Out n December 2020;4(6):687-695 n http
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higher odds of AKI in CKD and higher preva-
lence of CKD in patients with AKI is not sur-
prising because CKD is a well-known risk
factor for AKI.20 We also found higher odds
of AKI in patients with hyperlipidemia. Hyper-
cholesterolemia and hypertriglyceridemia are
known to be independent predictors of
CKD.21,22 In addition, increased total choles-
terol and low-density lipoprotein cholesterol
levels measured at baseline have been reported
as independent risk factors for end-stage renal
disease.21,22 Despite the known associations of
hyperlipidemia and kidney disease, the mech-
anisms behind increasing AKI with hyperlipid-
emia are not completely understood and
should be investigated. Higher AKI among Af-
rican Americans is not surprising because
racial and ethnic minorities are increasingly
being recognized as having a more severe
clinical course and worse outcomes with
COVID-19 infection.23

Overall, AKI had a significant impact on
the outcome of death among patients hospital-
ized with COVID-19 infection. Patients who
developed AKI had a much higher mortality
rate (58.1% [104 0f 179] vs 19.6% [29 of
148]; P<.001) when compared with those
without and our analysis revealed significantly
higher odds of mortality in patients with
COVID-19 infection with AKI.

This study has strengths and limitations.
This is a single-center retrospective study. Pre-
vious creatinine values were available in only
172 of 327 (52.6%) patients and thus a deci-
sion to use the lowest creatinine level in the
hospital stay as the patients’ baseline creatinine
level was made. When previous creatinine
values were available, they were comparable
to and not significantly different from the
lowest creatinine values during the hospital
stay (P¼.5). We could not include urine
output in our determination of AKI given the
heterogeneity of urine output recordings and
the high degree of missing data. The incidence
of rhabdomyolysis was not recorded for most
patients in the study. However, the authors
believe that even if some of the AKI was sec-
ondary to rhabdomyolysis from COVID-19
infection, that these patients eventually had
that complication is a finding that is novel
and worth reporting.

Strengths of the study include the accuracy
of data that were manually extracted from
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patient charts, a relatively large cohort, and us-
ing a systematic approach for multivariable
analysis.

CONCLUSION
In addition to lungs, kidneys are particularly
prone to disruption by COVID-19 infection.
We present one of the first reports describing
the incidence of AKI and potential risk factors
for the development of AKI in patients with
COVID-19 infection. We found significantly
higher odds of AKI with increasing age, among
African Americans, patients with hyperlipid-
emia, and those with CKD. We demonstrate
an independent association between AKI and
mortality with increasingly higher odds of
mortality from progressively worsening renal
failure in hospitalized patients with COVID-
19 infection .
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