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ABSTRACT
Background Reports from centers treating patients with coronavirus disease 2019 (COVID-19) have noted
that such patients frequently develop AKI. However, there have been no direct comparisons of AKI in
hospitalized patients with and without COVID-19 that would reveal whether there are aspects of AKI risk,
course, and outcomes unique to this infection.
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Methods In a retrospective observational study, we evaluated AKI incidence, risk factors, and outcomes
for 3345 adults with COVID-19 and 1265 without COVID-19 who were hospitalized in a large New York City
health system and compared them with a historical cohort of 9859 individuals hospitalized a year earlier in
the same health system. We also developed a model to identify predictors of stage 2 or 3 AKI in our
COVID-19.
Results We found higher AKI incidence among patients with COVID-19 compared with the historical cohort (56.9% versus 25.1%, respectively). Patients with AKI and COVID-19 were more likely than those
without COVID-19 to require RRT and were less likely to recover kidney function. Development of AKI was
signiﬁcantly associated with male sex, Black race, and older age (.50 years). Male sex and age .50 years
associated with the composite outcome of RRT or mortality, regardless of COVID-19 status. Factors that
were predictive of stage 2 or 3 AKI included initial respiratory rate, white blood cell count, neutrophil/
lymphocyte ratio, and lactate dehydrogenase level.
Conclusions Patients hospitalized with COVID-19 had a higher incidence of severe AKI compared with
controls. Vital signs at admission and laboratory data may be useful for risk stratiﬁcation to predict severe
AKI. Although male sex, Black race, and older age associated with development of AKI, these associations
were not unique to COVID-19.
JASN 31: 2145–2157, 2020. doi: https://doi.org/10.1681/ASN.2020040509

Since the detection of the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
cause of coronavirus disease 2019 (COVID-19),
there have been millions of conﬁrmed cases of
COVID-19 worldwide.1,2 The ﬁrst conﬁrmed case
of COVID-19 in New York was on March 1, 2020.3
In the weeks that followed, New York City became
the epicenter for the COVID-19 pandemic.
JASN 31: 2145–2157, 2020
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The kidney may serve as a target for organ injury in
COVID-19 because angiotensin-converting enzyme 2, the
binding site for SARS-CoV-2, is highly expressed in proximal
tubule cells and podocytes.4–6 Postmortem biopsy series have
demonstrated marked renal tubular injury (B. Diao, C. Wang,
R. Wang, Z. Feng, Y. Tan, H. Wang, et al.: Human kidney is a
target for novel severe acute respiratory syndrome coronavirus
2 [SARS-CoV-2] infection. medRxiv, 2020; DOI:10.1101/
2020.03.04.20031120).7 Additionally, collapsing FSGS has
been reported in Black patients with high risk APOL1 alleles.8,9 Data from the single center studies in China showed
an incidence of AKI ranging from 0.5% to 29% in hospitalized
patients with COVID-19.10–12 In contrast, early studies in the
United States have reported a much higher incidence of AKI of
between 28%–46% and in-hospital mortality of 35%–41% in
those who developed AKI (L. Chan, K. Chaudhary, A. Saha, K.
Chauhan, A. Vaid, M. Baweja, et al.: Acute kidney injury in
hospitalized patients with COVID-19. medRxiv, 2020; doi:10.
1101/2020.05.04.20090944).13,14 Although most of these reports identify risk factors for AKI, there have been no direct
comparisons to patients negative for COVID-19 that would
identify aspects of AKI risk, course, and outcomes that are
unique to COVID-19.
The Bronx is the one of the nation’s poorest urban counties
and has excess mortality rates from heart disease, stroke, and
diabetes compared with national averages.15 A recent study of
the ﬁve boroughs of New York City demonstrated that the
Bronx had the highest rate of hospitalizations and deaths
due to COVID-19 per 100,000 population.16 Due to an increased burden of comorbidities, this population is representative of a group at increased risk for adverse outcomes from
COVID-19, including AKI.17,18
Furthermore, this population helps to identify risk factors
that predict development of AKI as well as adverse outcomes
after AKI in patients hospitalized with COVID-19. The aims of
our study are the following: (1) to report the incidence, risk
factors, and outcomes of COVID-19–associated AKI in a highrisk population; and (2) to determine whether there exist risk
factors for AKI unique to COVID-19 infection by comparison
with a cohort negative for COVID-19.

METHODS
Study Population

During the surge of COVID-19 in the New York City area in
mid-March 2020, Monteﬁore Health System (MHS) was the
largest hospital system providing care to patients with
COVID-19 infection in the Bronx. Using Clinical Looking
Glass—an interactive software application developed at
MHS to gather and integrate demographic, clinical, and administrative data sets—we performed a retrospective observational study of patients who tested positive or negative for
COVID-19 upon hospitalization at any of the three main tertiary care hospitals of MHS (Moses, Wakeﬁeld, and Weiler
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Signiﬁcance Statement
Centers have reported a wide range of AKI incidence rates among
patients hospitalized with coronavirus disease 2019 (COVID-19). In
a retrospective observational study, the authors compared the incidence, risk factors, and outcomes of AKI in hospitalized adults
with and without COVID-19 in a large New York City health system.
Compared with patients without COVID-19 and with historical
controls, patients with COVID-19 had a signiﬁcantly higher incidence of AKI; were more likely to require RRT, intensive care unit
admission, and mechanical ventilation; and were more likely to
experience in-hospital death. Male sex, Black race, and older age
were associated with AKI, but these associations were not unique to
COVID-19. Select initial vital signs at hospital admission and inﬂammatory markers were predictors of severe AKI.

Hospitals) in the Bronx between March 11 and April 26,
2020.19–21 We also compared patients with COVID-19 infection to a historical cohort of patients hospitalized at MHS
between March 1 and April 26, 2019. The Institutional Review
Board from Albert Einstein College of Medicine approved this
study. Informed consent was waived and only de-identiﬁed
data were analyzed.
Patients .18 years of age with a COVID-19 test performed
upon hospitalization during the study period were included. A
conﬁrmed case of COVID-19 was deﬁned by a positive result
on an RT-PCR assay of a specimen collected on a nasopharyngeal or oral swab at either the Monteﬁore virology laboratory
or a commercial laboratory used by MHS (Viracor, Lee’s
Summit, MO).
Data Collection

We identiﬁed 4610 patients hospitalized during the study period after excluding those ,18 years of age (n5246), patients
with ESKD (n5430), patients without creatinine values
(n5120), and one patient with an unknown sex assignment
(Figure 1). Information on sociodemographic variables (age,
sex, race/ethnicity, and socioeconomic status [SES]) was
extracted. Race/ethnicity was self-reported and categorized
as non-Hispanic White, non-Hispanic Black, Hispanic, or
other. SES was calculated using census tract data from the
Census Bureau and was reported as SD from the New York
State mean.22 A “crowding” variable was deﬁned as the percentage of households by census tract with .1.5 occupants per
room and was obtained from the American Community Survey (Census Bureau).4 Data were extracted on comorbidities
including obesity (body mass index), diabetes mellitus (DM),
CKD, congestive heart failure (CHF), lung disease, HIV/AIDS,
malignancy, and rheumatologic disease using International
Classiﬁcation of Diseases, Ninth (ICD-9) or Tenth Revision
(ICD-10) codes within 6 months before hospitalization. These
were then used to create a Charlson Comorbidity Index
Score.23 In addition to ICD-9/-10 codes, hemoglobin A1c
.6.5% within 2 years before hospitalization was used to deﬁne
DM and eGFR ,60 ml/min per 1.73 m2 (the mean of all GFRs
between 7 and 365 days before hospitalization) was used to
JASN 31: 2145–2157, 2020
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Patients hospitalized between
March 11, 2020 and April 26,
2020 n=5407

Exclusions: < 18 years old
(n=246), end-stage kidney
disease (n=430), unknown sex
assignment (n=1)

4730 patients

120 with missing creatinine
values excluded
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4610 patients

3345 COVID-19 positive
patients

1265 COVID-19 negative
patients

9859 patients hospitalized
March 1, 2019 to April 26, 2019

AKI:1903
No AKI: 1442

AKI: 471
No AKI: 794

AKI: 2479
No AKI: 7380

Figure 1. Study population.

deﬁne CKD. Data were extracted on initial vital signs and
laboratory data on hospitalization, the need for mechanical
ventilation, or RRT, type of RRT provided, intensive care unit
(ICU) admission, and death.
Measurements and Variable Deﬁnitions

AKI was deﬁned using a 0.3 mg/dl increase or .50% increase
in serum creatinine from the baseline creatinine to maximum in-hospital creatinine.24 Baseline creatinine was deﬁned as the mean creatinine value between 7 and 365 days
before hospitalization (available for n52245; 49%). 25 In
those without a baseline creatinine (n52365), the minimum
creatinine value during hospitalization was used as the baseline creatinine as described by Siew et al.26 AKI severity was
staged according to Kidney Disease Improving Global Outcomes criteria. Those who required RRT automatically met
the deﬁnition of stage 3 AKI.24 Urine output criteria to deﬁne
AKI were not used because urine output was not reliably
JASN 31: 2145–2157, 2020

collected. A sensitivity analysis was performed that limited
the deﬁnition of AKI to those with an increase in serum creatinine of 50% or greater. The eGFR was calculated using the
Modiﬁcation of Diet in Renal Disease equation.27 Renal recovery in patients with AKI was deﬁned by a fall in the serum
creatinine to a level 50% lower than the maximum creatinine
achieved during hospitalization in the absence of an ongoing
need for RRT.28
Outcomes

The primary outcome was incident AKI. The secondary outcome was the composite of need for RRT or mortality.
Statistical Analyses

Descriptive statistics were summarized as mean (SD) or median (interquartile range [IQR]) for continuous variables
and number (%) for categoric variables. The proportion of
sociodemographic and clinical data, initial vital signs, and
AKI in COVID-19 Patients
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laboratory values in those with AKI as compared with those
without AKI were tested separately for the COVID-19–
positive and COVID-19–negative groups using t test and
Wilcoxon rank sum testing for parametric and nonparametric continuous data. Chi-squared analysis was used to test
the association of categoric variables. We further compared
the proportion of patients with AKI, stage 3 AKI, renal recovery, need for RRT, mortality, ICU admission, mechanical
ventilation, and discharge status between the COVID-19–
positive, COVID-19–negative, and historical cohort groups
using risk ratios with 95% conﬁdence intervals.
Logistic regression was used to test the association of the
following exposure variables with AKI incidence: (1) sex, (2)
race/ethnicity, and (3) age deciles in unadjusted and adjusted
models. Adjustment variables were selected if bivariate associations showed signiﬁcance at the a level of 0.05 or if clinically relevant. Model 1 was unadjusted. Model 2 was model 1
plus adjustment for other demographic variables and clinical
comorbidities (CKD, DM, CHF, Charlson Comorbidity Index, prehospitalization use of angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, nursing home
resident). Model 3 was model 2 plus adjustment for SES
and crowding. To evaluate whether the same risks of AKI
apply to patients who were COVID-19 positive as compared
with those who were COVID-19 negative, interaction testing
was used to test the association of exposure variables and
COVID-19 status with respect to AKI occurrence in the logistic regression models.
To test the association between the above exposure variables and AKI incidence, we built a competing risk model of
time to AKI with death as a competing variable in unadjusted
and adjusted models.29 Similar adjustments were made as
those described above.
To deﬁne the effect of AKI in this cohort, we evaluated the
composite outcome of RRT or mortality using Cox proportional hazards modeling which derived hazard ratios of (1)
sex, (2) race/ethnicity, and (3) age decile in unadjusted and
adjusted models. Adjustment variables were similar to those
used for logistic regression. Cumulative incidence plots were
used to represent the hazard of composite outcome by group
and likelihood ratio testing was used to test the difference in
those outcomes by (1) sex, (2) race/ethnicity, (3) and age decile. Data were censored on April 26, 2020.
We built a predictive model using logistic regression and incorporated established sociodemographic and clinical risk factors
for AKI (from our models above) and initial vital signs and laboratory data. We generated random number assignments for the
observations and built a predictive model for stage 2 or 3 AKI as
the outcome variable in 60% of the population. We then tested the
predictive model using the remaining 40% of the population and
postestimation testing derived receiving operating curves and
estimated area under the precision recall curves. The predictive
model was limited by the number of missing values for inﬂammatory markers checked within 24 hours of admission. The
following variable were not used because of a large proportion
2148
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with missing data points: proteinuria (n missing51508/
3345), ferritin (n missing51281/3345), ﬁbrinogen (n missing51416/3345), procalcitonin (n missing51496/3345),
D-dimer (n missing51070/3345), and C-reactive protein value
(n missing5855/3345).
Stata 14.0 was used for all analyses. Statistical signiﬁcance
was deﬁned at a#0.05.

RESULTS
Baseline Characteristics

Baseline characteristics of patients hospitalized with
COVID-19 are outlined in Table 1, and comparisons with
patients negative for COVID-19 are provided in the
Supplemental Table 1. Between March 11 and April 26,
2020, 4610 patients with a COVID-19 test performed were
hospitalized at MHS; 3345 were positive for COVID-19 and
1265 were negative for COVID-19 (Figure 1). In the COVID19–positive cohort, mean age was 64 (SD, 16.4) years old,
8.2% were White, 35.9% were Black, and 37.3% were Hispanic. More than half were men (53.1%) and 16.4% were
nursing home residents. Obesity was present in 1351
(42.9%), CKD was present in 409 (12.2%), and DM was present in 906 (27.1%) of the patients. Median SES was below
the state average (22.2 as compared with 1 representing
mean SES for New York State) (Table 1). Compared with
patients positive for COVID-19, those who were negative
for COVID-19 were younger (mean age, 58.5 years), more
were female (51.9%), fewer were obese (36.7%), and fewer
were nursing home residents (11.2%) (Supplemental
Table 1).
In the COVID-19–positive cohort, patients with AKI were
older compared with those without AKI (mean, 67.1 [SD,
15.3] years versus 60.7 [SD, 17] years; P,0.001), a higher
proportion were men (57.3% versus 42.7%; P,0.001), more
were Black (40.5% versus 29.8%; P,0.001), and more were
nursing home residents (20.9% versus 10.3%; P,0.001)
(Table 1). Those with COVID-19 and AKI had higher Charlson
Comorbidity Index Scores (P,0.001) with higher prevalence
of DM (29.9% versus 23.4%; P,0.001), CKD (15.1% versus
8.5%; P,0.001), and CHF (4.6% versus 2.9%; P50.01) compared with those without AKI (Table 1). Patients with AKI but
negative for COVID-19 had similar patterns of association,
demonstrating older age, a higher prevalence of comorbidities,
and a higher proportion of men compared with those without
AKI (Supplemental Table 1).
Incidence and Severity of AKI

AKI occurred in 56.9% of patients positive for COVID-19
compared with 37.2% of those negative for COVID-19 who
were hospitalized during the pandemic (RR, 1.5; 95% CI, 1.4
to 16) and 25.1% in the historical cohort (RR, 2.3; 95% CI, 2.2
to 2.4) (Table 2). In the 1903 patients with AKI who were
positive for COVID-19, 942 (49.5%) had stage 1 AKI, 387
JASN 31: 2145–2157, 2020
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Table 1. Baseline characteristics of hospitalized patients positive for COVID-19
Total Cohort (n54610)
Sociodemographic data, n (%)
Age, yr, mean (SD)
Age decile, yr
,30
31–40
41–50
51–60
61–70
71–80
.80
Sex
Female
Male
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
Nursing home resident
SES, median (IQR)
(n53680)
Clinical comorbidities, n (%)
BMI, kg/m2 (n54367)
,30
30–35
.35
DM
CKD
CHF
Charlson comorbidity index
0–1
1–5
.5
Initial vital signs, mean (SD)
Temperature, °F
(n54598)
Respiratory rate, breaths/
min (n54599)
Pulse oximetry,
%(n54601)
Pulse rate, beats/min
(n54601)
Initial laboratory data
WBC (K/ml), mean (SD)
(n54602)
Neutrophil (K/ml), mean
(SD) (n54602)
Neutrophil-lymphocyte
ratio, median (IQR)
Procalcitonin, median
(IQR)
Fibrinogen (mg/dl), mean
(SD) (n52297)

JASN 31: 2145–2157, 2020

Total Positive for
COVID-19 (n53345)

Positive for COVID-19 with
AKI (n51903; 56.9%)

Positive for COVID-19 and No
AKI (n51442; 43.1%)

64.4 (16.4)

67.1 (15.3)

60.7 (17.0)

113 (3.4)
189 (5.6)
311 (9.3)
55316.5)
779 (23.3)
771 (23.0)
629 (18.8)

42 (2.2)
69 (3.6)
135 (7.1)
286 (15.0)
436 (22.9)
513 (27.0)
422 (22.2)

71 (4.9)
120 (8.3)
176 (12.2)
267 (18.5)
343 (23.8)
258 (17.9)
207 (14.4)

812 (42.7)
1091 (57.3)

757 (52.5)
685 (47.5)

P Value
,0.001
,0.001

,0.001
1569 (46.9)
1776 (53.1)

,0.001
275 (8.2)
1201 (35.9)
1247 (37.3)
622 (18.6)
548 (16.4)
22.2 [25.3 (21.1)]

155 (8.2)
771 (40.5)
638 (33.5)
339 (17.8)
399 (21.0)
22.1 [24.9 (21.0)]

120 (8.3)
430 (29.8)
609 (42.2)
283 (19.6)
149 (10.3)
22.4 [25.7–(21.1)]

,0.001
0.03

0.005
1797 (57.1)
725 (23.0)
626 (19.9)
906 (27.1)
409 (12.2)
129 (3.9)

1069 (59.6)
388 (21.6)
338 (18.8)
569 (29.9)
287 (15.1)
87 (4.6)

728 (53.8)
337 (24.9)
288 (21.3)
337 (23.4)
122 (8.5)
42 (2.9)

1094 (32.7)
1993 (59.6)
258 (7.7)

495 (26.0)
1237 (65.0)
171 (9.0)

599 (41.5)
756 (52.4)
87 (6.0)

99.2 (1.6)

99.3 (1.6)

99.2 (1.5)

0.6

21.6 (6.3)

22.3 (6.8)

20.6 (5.4)

,0.001

92.8 (8.0)

91.7 (9.4)

94.3 (5.4)

,0.001

98.3 (20.4)

99.1 (21.3)

97.2 (19.3)

0.01

8.7 (7.0)

9.3 (6.9)

7.8 (7.1)

,0.001

6.7 (4.0)

7.3 (4.2)

5.8 (3.5)

,0.001

5.7 (3.5–9.3)

6.6 (4.1–10.4)

4.7 (3–7.7)

,0.001

0.2 (0.1–0.7)

0.4 (0.1–1.3)

0.2 (0.1–0.2)

,0.001

649.0 (200.0)

659.1 (210.9)

631.8 (177.8)

AKI in COVID-19 Patients

,0.001
,0.001
0.01
,0.001

0.002
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Table 1. Continued
Total Cohort (n54610)
CRP (mg/dl), median (IQR) (n53429)
D-dimer (mg/ml), median (IQR) (n52726)
LDH (U/L), median (IQR) (n53715)
Ferritin (ng/ml), median (IQR) (n52470)
Proteinuria, n (%) (n52590)
,30 mg
30–500 mg
.500 mg
Hospitalization, n (%)
ICU admission
Mechanical ventilation

Total Positive for
COVID-19 (n53345)

Positive for COVID-19 with
AKI (n51903; 56.9%)

Positive for COVID-19 and No
AKI (n51442; 43.1%)

P Value

10.8 (4.8–19.1)
1.7 (0.9–3.8)
403 (300–546)
762.5 (384–1420)

13.2 (6.1–22.4)
2.2 (1.1–6.2)
458 (336–637)
911 (490.5–1667.5)

7.3 (3.3–14.3)
1.1 (0.7–2.3)
350 (270–451)
609.5 (296–1086.5)

,0.001
,0.001
,0.001
,0.001
,0.001

14 (0.8)a
1761 (95.9)
62 (3.4)

5 (0.4)
1128 (95.0)
55 (4.6)

7 (1.4)
633 (97.5)
9 (1.1)

438 (13.1)
624 (17.6)

382 (20.1)
569 (29.9)

56 (3.9)
55 (3.8)

,0.001
,0.001

BMI, body mass index; CRP; C-reactive protein.
a
Percentages are of the total tested for proteinuria.

(20.3%) had stage 2 AKI, 574 (30.2%) had stage 3 AKI, and
28.5% of patients with stage 3 AKI required RRT.
On initial hospital presentation, the COVID-19–positive cohort with AKI had higher respiratory rates (22.3 [SD, 6.8] versus
20.6 [SD, 5.4] breaths per minute; P,0.001), higher pulse rates
(99.1 [SD, 21.3] versus 97.2 [SD, 19.3] beats per minute;
P50.01), and lower pulse oximetry (91.7% [SD, 9.4] versus
94.3% [SD, 5.4]; P,0.001) as compared with those without
AKI (Table 1). Similar ﬁndings were observed in patients with
AKI who were negative for COVID-19 (Supplemental Table 1).
Initial laboratory data demonstrated those with AKI had higher
markers of inﬂammation including white blood cell (WBC)
count (9.3 [SD, 6.9] K/ml versus 7.8 [SD, 7.1] K/ml; P,0.001),
neutrophil/lymphocyte ratio (6.6 [IQR, 4.1–10.4] versus 4.7
[IQR, 3.0–7.7]; P,0.001), ﬁbrinogen (659 [SD, 211] mg/dl versus 632 [SD, 178] mg/dl; P50.002), C-reactive protein (13.2
[IQR, 6.1–22.4] mg/dl versus 7.3 [IQR, 3.3–14.3] mg/dl;
P,0.001), lactate dehydrogenase (LDH; 458 [IQR, 336–637]
U/L versus 350 [IQR, 270–451] U/L; P,0.001), and D-dimer
(2.2 [IQR, 1.1–6.2] m/ml versus 1.1 [IQR, 0.7–2.3] m/ml;
P,0.001) compared with those without AKI. Heavy proteinuria
of .500 mg/g by urinalysis or quantitative urine protein/creatinine ratio was present in a higher proportion of patients with
AKI compared with those without AKI, irrespective of
COVID-19 status (Table 1).
A signiﬁcantly higher proportion of patients positive for
COVID-19 had stage 3 AKI compared with patients negative
for COVID-19 and with the historical cohort (17.2% versus
7.3% versus 2.8%) (Table 2). Of the patients positive for
COVID-19, 4.9% required acute RRT compared with 1.6%
of those negative for COVID-19 (RR, 3.1; 95% CI, 2.0 to 4.9)
and 0.9% in the historical cohort (RR, 5.2; 95% CI, 4.0 to
6.7) (Table 2).
ICU Admission and Mechanical Ventilation

Signiﬁcantly more patients with AKI than without required ICU admission in both the COVID-19 positive
2150
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(20.1% versus 3.9%, P,0.001) and COVID-19 negative cohorts (6.4% versus 2.0%, P,0.001) (Table 1, Supplemental
Table 1). Of the patients positive for COVID-19 who required ICU admission, the incidence of AKI was 87.2% as
compared with 65% in patients negative for COVID-19 who
required the ICU (Supplemental Figure 2). Signiﬁcantly
more patients with AKI required mechanical ventilation
in both the COVID-19–positive (29.9% versus 3.8%;
P,0.001) and COVID-19–negative cohorts (19.1% versus
4.5%; P,0.001) (Table 1).
In-Hospital Death

Patients who developed AKI were at signiﬁcantly higher risk of
in-hospital death compared with those without AKI (Figure 2).
In the COVID-19–positive cohort, in-hospital death was
33.7% in those with AKI compared with 9.3% in those without AKI. By comparison, in the patients without COVID-19,
in-hospital death was 13.4% in those with AKI compared with
3.7% in those without AKI (Supplemental Table 2). In the total
cohort of 4610 patients (with and without AKI), in-hospital
death was signiﬁcantly higher in patients positive for COVID19 compared with those negative for COVID-19 (23.2% versus
7.3%; RR, 3.8; 95% CI, 2.6 to 3.9) and even higher compared
with the historical cohort (23.2% versus 2.3%; RR, 10; 95% CI,
8.6 to 11.5) (Table 2).
Prognosis after Stage 3 AKI

There was less renal recovery in patients with AKI who were
positive for COVID-19 compared with patients with AKI who
were negative for COVID-19 (42.3% versus 68.5%; RR, 0.6;
95% CI, 0.5 to 0.7) and to the historical cohort (42.3% versus
63.9%; RR, 0.7; 95% CI, 0.6 to 0.8) (Table 2). Patients with
COVID-19 and stage 3 AKI were more likely to experience inhospital death compared with patients negative for COVID-19
with stage 3 AKI (52.1% versus 19.6%; RR, 3.8; 95% CI, 2.6 to
3.9) and with the historic cohort (52.1% versus 19.6%; RR,
10; 95% CI, 8.6 to 11.5). Fewer patients with COVID-19 and
JASN 31: 2145–2157, 2020
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Table 2. Clinical outcomes of hospitalized patients positive for COVID-19 compared with patients negative for COVID-19 and
a historical control
Outcomes, n (%)

Hospitalization and
Positive for COVID-19
(n53345)

Hospitalization and
Negative for COVID-19
(n51265)

AKI
1903 (56.9)
471 (37.2)
AKI stage
1
942 (49.5)2
285 (60.5)
2
387 (20.3)
94 (20.0)
3
574 (30.2)
92 (19.5)
Need for RRT
164 (4.9)
20 (1.6)
Type of RRT
CRRT
52 (31.7)
5 (25)
PIRRT
11 (6.7)
2 (10)
PD
16 (9.8)
0
HD
85 (51.8)
13 (65)
Outcomes of the cohort with stage 3 AKI
AKI stage 3 with
243 (42.3)
63 (68.5)
renal recovery
299 (52.1)
18 (19.6)
AKI stage 3 with
in-hospital
death
32 (5.6)
11 (12.0)
AKI stage 3 with
RRT
dependence
Outcomes in the total cohort hospitalized during the study period
Mechanical
624 (18.7)
126 (10.0)
ventilation
ICU
438 (13.1)a
46 (3.6)b
In-hospital death
775 (23.2)
92 (7.3)
Discharged to
492 (14.7)
162 (12.8)
NH
Discharged
1650 (49.3)
788 (62.3)
home
5 (3–9)
3 (1–6)
Hospital length
of stay (d)c

Risk Ratio
(95% CI)

Historical
control
(n59859)

Risk Ratio (95% CI) (positive for
COVID-19 versus historical
control)

1.5 (1.4 to 1.6)

2479 (25.1)

2.3 (2.2 to 2.4)

3.1 (2.0 to 4.9)

1830 (73.8)
369 (14.9)
280 (11.3)
93 (0.9)

5.2 (4.0 to 6.7)

25 (26.9)
8 (8.6)
0
60 (64.5)
0.6 (0.5 to 0.7)

179 (63.9)

0.7 (0.6 to 0.8)

2.7 (1.8 to 4.1)

55 (19.6)

2.6 (2.1 to 3.4)

0.5 (0.1 to 0.8)

46 (16.4)

0.3 (0.2 to 0.5)

1.9 (1.6 to 2.4)

486 (4.9)

3.8 (3.4 to 4.3)

3.6 (2.7 to 4.8)
3.8 (2.6 to 3.9)
1.2 (1.0 to 1.4)

323 (3.3)
229 (2.3)
1436 (14.6)

4.0 (3.5 to 4.6)
10.0 (8.6 to 11.5)
1.0 (0.9 to 1.1)

0.8 (0.7 to 0.8)

8108 (82.2)

P,0.001

3 (2–6)

0.6 (0.57 to 0.62)
P,0.001

CRRT, continuous RRT; PIRRT, prolonged intermittent RRT; PD, peritoneal dialysis; HD, hemodialysis; NH, nursing home.
a
Data available for n53341.
b
Data available for n51262.
c
For these comparisons, Wilcoxon rank sum testing was used.

stage 3 AKI requiring RRT remained RRT dependent compared with patients negative for COVID-19 or the historical
cohort (5.6% versus 12% versus 16.4%), but this was likely
due to the competing risk of death and high mortality observed in patients with COVID-19 and stage 3 AKI (Table 2).
Risk Factors for Development of AKI and for the
Composite Outcome of RRT or Mortality

The odds of developing AKI with SARS-CoV-2 infection
were higher in men in unadjusted and adjusted models
(adjusted odds ratio, 1.6; 95% CI, 1.4 to 1.8) as compared
with women (Table 3). Black race was associated with higher
odds of developing AKI with COVID-19 in unadjusted
and adjusted models (adjusted odds ratio, 1.7; 95% CI,
1.3 to 2.3). Increasing decile of age above the age of 30 years
was associated with higher odds of developing AKI but
did not become signiﬁcant until .50 years of age. There
JASN 31: 2145–2157, 2020

was some attenuation of the odds of AKI in the highest decile
of age, likely due to the competing risk of death. The associations
of male sex, black race, and older age with the development of
AKI were also observed in patients without COVID-19. Interaction between COVID-19 status and sex, race/ethnicity, and
age decile were NS (P50.9, P50.8, and P50.4, respectively)
with respect to odds of AKI (Supplemental Table 3).
In competing risk modeling, the odds of AKI were higher
with male sex (subhazard ratio [SHR], 1.2; 95% CI, 1.1 to 1.3),
black race (SHR, 1.5; 95% CI, 1.2 to 1.7), and age (SHR, 1.1 for
each 10-year increase in age; 95% CI, 1.0 to 1.1) in the adjusted
models (Supplemental Table 4).
In the COVID-19–positive cohort, men were at higher risk
(adjusted hazard ratio, 1.3; 95% CI, 1.2 to 1.5) of the composite outcome of RRT or mortality compared with women
in the unadjusted and adjusted model (Figure 3A, Table 4).
There was no association of race with the composite outcome
AKI in COVID-19 Patients
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Cumulative Death By AKI in COVID+ Hospitalized Patients
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Figure 2. Higher mortality in those with AKI.

of RRT and mortality in the unadjusted and adjusted models
(Figure 3B, Table 4). Similar associations of male sex and
older age with the composite outcome were observed in patients negative for COVID-19 (Figure 3, A and C, Supplemental
Table 5).
Predictive Model of AKI Stage 2 or 3

The predictive model showed the following variables were
independently associated with development of stage 2 or 3
AKI in COVID-19: older age, Black race, male sex, DM,
nursing home resident, initial respiratory rate, WBC count,
LDH (odds ratio, 2.2; 95% CI, 1.9 to 2.7), and neutrophil/
lymphocyte ratio (odds ratio, 1.7; 95% CI, 1.4 to 2.1)
(Supplemental Tables 5 and 6). The area under the receiving
operator cur ve for the predictive model was 0.73
(Supplemental Figure 2).

DISCUSSION

We examined the incidence, risk factors, and outcomes associated with AKI in a large cohort of patients with COVID-19
who were hospitalized in a single urban health system in the
Bronx during the COVID-19 surge in New York City. We
compared these ﬁndings with patients without COVID-19 infection who were hospitalized during the same time period
and with a historical cohort. To our knowledge, this is the ﬁrst
study that has made such a comparison. Our goal was to identify unique features of COVID-19–associated AKI. Not only
was there a much higher incidence of AKI in patients with
COVID-19 compared with those without COVID-19, patients
2152

JASN

with COVID-19 also had a disproportionate burden of severe
AKI, requirement for RRT, mechanical ventilation, and ICU
admission compared with those without COVID-19. Additionally, patients with AKI who were positive for COVID-19
were less likely to recover kidney function and more likely to
Table 3. Odds ratio of AKI development in unadjusted and
adjusted models
Patients Positive for
COVID-19 (n53345)
Sex
Female
Male
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
Age decile
,30
31–40
41–50
51–60
61–70
71–80
.80

Model 1 (n53345)

Model 2 (n53345)
a

1
1.5 (1.3 to 1.7)

1
1.6 (1.4 to 1.8)
b

1
1.4 (1.1 to 1.8)
0.8 (0.6 to 1.0)
0.9 (0.7 to 1.2)

1
1.7 (1.3 to 2.3)
1.0 (0.8 to 1.4)
1.1 (0.8 to 1.5)
c

1
1.0 (0.6 to 1.6)
1.3 (0.8 to 2.0)
1.8 (1.2 to 2.7)
2.1 (1.4 to 3.2)
3.4 (2.2 to 5.1)
3.5 (2.3 to 5.2)

1
0.9 (0.6 to 1.5)
1.2 (0.8 to 1.8)
1.6 (1.1 to 2.5)
1.8 (1.2 to 2.8)
2.7 (1.7 to 4.3)
2.9 (1.8 to 4.7)

Model 1 was unadjusted. Model 2 was model 1 plus adjustments for clinical
comorbidities: DM, CKD, Charlson Comorbidity score, CHF, angiotensinconverting enzyme inhibitor or angiotensin receptor blocker use, nursing
home resident.
a
Model 2 adjusted for age/race.
b
Model 2 adjusted for age/sex.
c
Model 2 adjusted for sex/race.
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Cumulative Incidence of RRT or Death by Sex
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Cumulative Incidence of RRT or Death by Age Decile

C

p <0.001

0.40
0.20
0.00

0

10

20

30

40

50

24
48
88
110
125
98
57

0
3
6
6
10
8
6

0
0
0
0
0
0
0

Days
Number at risk
<30 years
30-40 years
40-50 years
50-60 years
60-70 years
70-80 years
>80 years

113
189
311
552
777
770
628

85
163
264
428
569
463
333
<30 years
40-50 years
60-70 years

54
108
198
297
353
279
171

>80 years
30-40 years

50-60 years
70-80 years

Figure 3. Male sex, Black race, and older age associated with higher incidence of RRT or death. (A) Estimates for cumulative
percentage of mortality or RRT by sex. (B) Estimates for cumulative percentage of mortality or RRT by race/ethnicity (race_eth).
(C) Estimates for cumulative percentage of mortality or RRT by age. age_dec, age decile.
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Table 4. Hazard ratio for composite outcome of mortality or
RRT in unadjusted and adjusted models
Patients Positive for
COVID-19 (n53345)
Sex
Female
Male
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
Age decile
,30
31–40
41–50
51–60
61–70
71–80
.80

Unadjusted Hazard
Ratio (n53345)

Adjusted Hazard
Ratioa (n53345)

1
1.2 (1.1 to 1.3)

1
1.3 (1.2 to 1.5)

1
0.8 (0.6 to 1.0)
0.7 (0.6 to 0.9)
0.7 (0.6 to 1.0)

1
0.9 (0.7 to 1.2)
0.9 (0.7 to 1.2)
1.0 (0.8 to 1.3)

1
1.2 (0.4 to 3.4)
1.7 (0.6 to 4.3)
3.5 (1.4 to 8.6)
5.4 (2.2 to 13.2)
9.2 (3.8 to 22.2)
11.2 (4.6 to 27.3)

1
1.2 (0.4 to 3.4)
1.6 (0.6 to 4.2)
3.1 (1.2 to 7.5)
4.4 (1.8 to 10.7)
6.6 (2.7 to 16.3)
7.6 (3.1 to 18.9)

b

c

d

a
Adjusted for clinical comorbidities: DM, CKD, Charlson Comorbidity Index,
CHF, angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers, nursing home resident.
b
Adjusted for race/age.
c
Adjusted for sex/age.
d
Adjusted for sex/race.

experience in-hospital death compared with patients with AKI
without COVID-19. We identiﬁed male sex, Black race, and
increasing age as risk factors for development of AKI, irrespective of COVID-19 status. Male sex and older age were risk
factors for the composite outcome of RRT or mortality.
Recent reports from the United States demonstrate a higher
incidence of AKI in COVID-19 compared with reports originating from China (L. Chan, K. Chaudhary, A. Saha, K. Chauhan,
A. Vaid, M. Baweja, et al.: Acute kidney injury in hospitalized
patients with COVID-19. medRxiv, 2020; doi:10.1101/2020.05.
04.20090944).14–18 A study of .5400 patients with COVID-19
hospitalized in a New York hospital system reported an AKI
incidence of 37% and an association of mechanical ventilation
with time to AKI.17 In another study of .3200 patients hospitalized in New York City with COVID-19, the incidence of AKI
was 46% and predictors of severe AKI included systolic BP, potassium level, and CKD.18 Despite differences in AKI deﬁnitions
between all of these studies, the reported incidence of AKI was
similar and signiﬁcantly higher than earlier studies. Our study
also contrasts AKI incidence and risks between patients positive
for COVID-19 those negative for COVID-19 and historic controls. We were able to demonstrate a signiﬁcantly higher incidence of AKI in patients positive for COVID-19 compared with
those negative for COVID-19, but showed that risk factors for
AKI were not exclusive to COVID-19 status. Additionally, initial
respiratory rate, WBC count, LDH, and neutrophil/lymphocyte
ratio were predictors of severe AKI which may be clinically
relevant.
Furthermore, we were able to demonstrate the effect of
COVID-19 on hospital resources including a disproportionate
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need for ICU, mechanical ventilation, RRT, increased hospital
length of stay, and higher mortality compared with those without COVID-19. An interesting observation was worse outcomes in the COVID-19–negative group compared with the
historical cohort. We attribute this difference to a high rate of
false-negative tests in the COVID-19–negative group and allocation of resources away from patients without COVID-19
to those with or suspected of having COVID-19. Furthermore,
there was community avoidance of the hospital setting during
this time period due to concern for contracting COVID-19,
thus those presenting to the hospital during the COVID-19
crisis were likely more severely ill.
Our ﬁndings are similar to other types of severe respiratory
illnesses associated with AKI.30–34 In 150 patients hospitalized
with Ebola virus, 50% developed AKI and nearly all cases were
severe and associated with high mortality.30 Single-center
studies of critically ill patients with H1N1 inﬂuenza have reported an incidence of AKI of .50% with a 17%–56% mortality.31,32 Although the reported incidence of AKI in SARS
infection was only 6.7%, mortality after development of AKI
was .90%.33 In contrast to SARS, AKI has been reported in
up to 43% of patients with Middle East respiratory
syndrome coronavirus infection.34 The clinical features we
observed in patients with COVID-19 and AKI were consistent
with reports of AKI in H1N1 inﬂuenza, Ebola, and other coronaviruses. We did not identify any unique risk factors distinguishing COVID-19 from these other severe respiratory
viral illnesses.
Studies performed during the COVID-19 pandemic have
shown that infected men are more likely to develop severe
infection requiring hospitalization and therefore may be at
increased risk for AKI.35,36 Consistent with other reports
from the United States, we found an increased risk of AKI as
well as composite outcome of RRT or mortality in men positive for COVID-19 compared with women positive for
COVID-19. The Kidney Disease Improving Global Outcomes
Clinical Practice Guideline for AKI concludes that female sex
carries a higher risk for AKI, while at the same time recognizes
that male sex predominates in AKI associated with HIV, malaria, leptospirosis, and in other community-acquired forms
of AKI.24 We not only found that male sex was a risk factor for
AKI associated with COVID-19 but also that male sex was
associated with AKI in the COVID-19–negative and historical
cohort.37 Although this observation is contrary to the consensus view that female sex is a risk factor for AKI, it is consistent
with animal data and a recently published meta-analysis.38–45
Animal models have consistently demonstrated that male sex is
associated with more severe kidney injury and histologic damage after ischemia-reperfusion injury.38–44 In a meta-analysis of
28 studies reporting sex-stratiﬁed data on the incidence of
hospital-associated AKI in .194 million patients, men
were 2.2 times more likely to develop AKI compared
with women, although heterogeneity of patient population
and outcome measures may limit the generalizability of
this observation. 45
JASN 31: 2145–2157, 2020
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We found black race was signiﬁcantly associated with the
development of AKI in the patients positive and negative for
COVID-19 and in the historical cohort. Whether black race is
a risk factor for non-COVID-19–associated AKI has not been
clearly established as data are inconsistent.24,46–49 Several
studies failed to ﬁnd any relationship between race and the
development of AKI.46,47 In contrast, a meta-analysis of .1.3
million individuals performed by the CKD Prognosis Consortium found that black patients had a higher risk of AKI than
white patients at higher levels of eGFR and at most urinary
albumin-creatinine ratios.50 Similarly, Grams et al.51 studied
the incidence of AKI among .10,000 middle-aged participants in a community-based prospective cohort study and
found that the adjusted risk of AKI was 26% greater in black
patients compared with white patients. However, racial disparity was attenuated after adjustment for socioeconomic factors, leading to speculation that low income may be associated
with reduced access to medical care, resulting in poor control
of comorbidities and increased exposure to nephrotoxic
agents. In our study, after adjustment for neighborhood SES
and crowding, black race remained a signiﬁcant risk for AKI.
Our study has several limitations. First, our cohort was
limited to the New York City area. Second, white race was
underrepresented in our study population so the generalizability of our ﬁndings may be limited. Third, a preadmission
creatinine was only available in 49% of the patients. However,
we dealt with this by using the Siew et al.25 method to estimate
baseline creatinine using the minimum hospitalization creatinine value. Our estimation of stage 1 AKI may have been
inﬂated because of lack of access to an iterative model taking
into account 48-hour windows for the 0.3 mg/dL creatinine
increase AKI designation throughout the hospitalization. Our
sensitivity analysis reported that, after excluding the 0.3 mg/dl
deﬁnition of AKI, the incidence of AKI decreased to 47.1% in
the COVID-19–positive cohort, 28% in the COVID-19–
negative cohort, and 15.5% in the historical cohort
(Supplemental Table 7). However this phenomenon likely
had very little effect on our major ﬁndings and our predictive model because they were driven and based on higher
stages of AKI. Finally, the analysis of the association of AKI
with mortality was limited by immortal time bias, although
the competing risk model for AKI incidence did account for
death as the competing risk. Despite these limitations, our
study has several important strengths. This is one of the
largest studies to date evaluating AKI in patients with
COVID-19 and, to the best of our knowledge, this is the
ﬁrst detailed comparison between COVID-19–associated
and non-COVID-19–associated AKI incidence, risk factors,
and outcomes.
In conclusion, AKI incidence and severity was disproportionately higher and outcomes were worse in the COVID-19–
positive cohort as compared with the COVID-19–negative
and historical cohorts. By using a historical cohort from
1 year prior, we were able to conﬁdently evaluate differences
in the incidence, risk factors, and outcomes of AKI in patients
JASN 31: 2145–2157, 2020
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positive and negative for COVID-19. Finally, our study highlights the burden of AKI in a large hospital system during the
COVID-19 pandemic.
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