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Association of Kidney Disease With 
Outcomes in COVID-19: Results From the 
American Heart Association COVID-19 
Cardiovascular Disease Registry
Anjali Rao , MD; Sagar Ranka, MD; Colby Ayers, MS; Nicholas Hendren , MD; Anna Rosenblatt, MD; 
Heather M. Alger , PhD; Christine Rutan , CPHQ; Wally Omar, MD; Rohan Khera , MD, MS;  
Kamal Gupta , MD; Purav Mody , MD; Christopher DeFilippi , MD; Sandeep R. Das , MD, MPH;  
S. Susan Hedayati , MD, MSc; James A. de Lemos , MD

BACKGROUND: Emerging evidence links acute kidney injury (AKI) in patients with COVID-19 with higher mortality and respira-
tory morbidity, but the relationship of AKI with cardiovascular disease outcomes has not been reported in this population. We 
sought to evaluate associations between chronic kidney disease (CKD), AKI, and mortality and cardiovascular outcomes in 
patients hospitalized with COVID-19.

METHODS AND RESULTS: In a large multicenter registry including 8574 patients with COVID-19 from 88 US hospitals, data were 
collected on baseline characteristics and serial laboratory data during index hospitalization. Primary exposure variables were 
CKD (categorized as no CKD, CKD, and end-stage kidney disease) and AKI (classified into no AKI or stages 1, 2, or 3 using 
a modification of the Kidney Disease Improving Global Outcomes guideline definition). The primary outcome was all-cause 
mortality. The key secondary outcome was major adverse cardiac events, defined as cardiovascular death, nonfatal stroke, 
nonfatal myocardial infarction, new-onset nonfatal heart failure, and nonfatal cardiogenic shock. CKD and end-stage kidney 
disease were not associated with mortality or major adverse cardiac events after multivariate adjustment. In contrast, AKI 
was significantly associated with mortality (stage 1 hazard ratio [HR], 1.72 [95% CI, 1.46–2.03]; stage 2 HR, 1.83 [95% CI, 
1.52–2.20]; stage 3 HR, 1.69 [95% CI, 1.44–1.98]; versus no AKI) and major adverse cardiac events (stage 1 HR, 2.17 [95% CI, 
1.74–2.71]; stage 2 HR, 2.70 [95% CI, 2.07–3.51]; stage 3 HR, 3.06 [95% CI, 2.52–3.72]; versus no AKI).

CONCLUSIONS: This large study demonstrates a significant association between AKI and all-cause mortality and, for the first 
time, major adverse cardiovascular events in patients hospitalized with COVID-19.
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Chronic kidney disease (CKD) and acute kidney 
injury (AKI) are common among hospitalized pa-
tients, particularly those with critical illness. Both 

CKD and AKI have been shown to be significantly 
associated with an increased risk of mortality among 
patients hospitalized for a spectrum of cardiac and 
noncardiac illnesses.1–4 For example, among patients 
with acute myocardial infarction (MI) or heart failure, 

CKD and AKI demonstrated a dose-dependent asso-
ciation with mortality, with increased risk seen even for 
individuals with mild CKD or AKI.2,3 Data among criti-
cally ill patients with acute noncardiac illnesses, such 
as sepsis, are not as consistent, with some studies 
showing an association and others reporting that only 
severe AKI and need for dialysis are associated with 
increased risk of adverse outcomes.3,4
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Patients with kidney disease have suppressed in-
nate and adaptive immunity, which may contribute 
to increased infection risk.5 COVID-19 infection has 
been reported to be more severe among patients 
with underlying CKD.6,7 Moreover, severe AKI has 
been reported in prior respiratory viral outbreaks, 
such as H1N1 (hemagglutinin type 1 and neur-
aminidase type 1) influenza, where it was associ-
ated with increased 30-day mortality.8 Prior studies 
in patients with community-acquired pneumonia 
demonstrate the increased morbidity and mortality 
associated with AKI during the hospitalization.9–12 A 
significant association has also been identified be-
tween AKI and adverse cardiovascular events, as 
suggested in a meta-analysis by Odutayo and col-
leagues.13 AKI was also frequently reported in early 
series of patients with COVID-19.14–20 More recent 
larger US cohorts have reported AKI incidences as 
high as 50%, especially among patients requiring in-
tensive care.21,22 AKI correlated with illness severity, 
and among patients with AKI, about 20% required 
dialysis, half of whom died in the hospital.22 To date, 

most studies of the associations of CKD and AKI in 
COVID-19 have been limited by small sample size, 
inclusion of few centers, or a focus on critically ill 
patients. Moreover, to our knowledge, there are no 
published studies that investigated the associa-
tion of kidney diseases with major adverse cardiac 
events (MACEs), which disproportionately affects 
patients with CKD. We therefore sought to evalu-
ate the associations of CKD and AKI with a primary 
outcome of all-cause mortality and secondary out-
comes of MACEs, venous thromboembolic events, 
and bleeding events in a large multicenter registry 
of US patients hospitalized with COVID-19. We also 
evaluated associations of CKD and AKI with base-
line and peak blood inflammatory and cardiac bio-
markers, including C-reactive protein, interleukin-6, 
BNP (B-type natriuretic peptide), and NT-proBNP 
(N-terminal pro–brain natriuretic peptide). Our main 
hypothesis was that both AKI and CKD would be 
associated with MACEs, thromboembolic events, 
and all-cause mortality.

METHODS
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent to the American Heart 
Association’s (AHA) COVID-19 cardiovascular disease 
(CVD) registry team at qualityresearch@heart.org.

Study Population
The AHA’s COVID-19 CVD registry is a voluntary 
quality improvement registry that enrolls patients with 
active COVID-19 from participating centers. At the 
time of first data release (July 22, 2020), 88 US hos-
pitals were contributing data. Trained data abstrac-
tors are instructed to collect data from consecutive 
patients with hospitalized COVID-19 infection. Data 
are entered into an electronic case record form, with 
real-time error checking and data quality checks. 
Information is collected on >200 variables and in-
cludes demographics, cardiovascular risk factors 
and medical comorbidities, medications, presenting 
symptoms and clinical findings, and serial labora-
tory data. Outcomes are recorded for the duration 
of the hospital stay. Informed consent is not required 
as there is no participant interaction. The registry is 
designed for quality improvement and only collects 
a limited data set, with current analyses performed 
on a deidentified data set on the AHA’s Precision 
Medicine Platform (https://preci​sion.heart.org). Data 
collection is performed by Quintiles and IMS Health, 
Incorporated, and data coordination is provided by 
the Duke Clinical Research Institute. The registry was 

CLINICAL PERSPECTIVE

What Is New?
•	 This large, multicenter, retrospective study 

demonstrates a significant association between 
acute kidney injury and mortality in patients 
hospitalized with COVID-19.

•	 This study is the first to demonstrate a signifi-
cant association between acute kidney injury 
and major adverse cardiovascular events in 
COVID-19, even after multivariate adjustment.

What Are the Clinical Implications?
•	 In patients with COVID-19, care should be taken 

to minimize use of therapies that may cause 
or contribute to acute kidney injury, includ-
ing iodinated contrast and nonsteroidal anti-
inflammatory drugs.

•	 Additional studies are needed to identify treat-
ment strategies to prevent acute kidney injury 
or modify outcomes after acute kidney injury in 
patients hospitalized with COVID-19 and other 
critical medical illnesses.

Nonstandard Abbreviations and Acronyms

AKI	 acute kidney injury
ESKD	 end-stage kidney disease
MACE	 major adverse cardiac event
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approved by the Duke University Institutional Review 
Board. The design and structure of the registry have 
been previously reported.23–25

Primary Exposures
CKD was defined from the case record form using 
data fields for CKD and currently on dialysis and 
was categorized as no CKD, CKD not on dialysis, or 
end-stage kidney disease (ESKD) for those on dialy-
sis. Sites were instructed to code CKD if there was a 
history of physician-diagnosed kidney insufficiency or 
chronic kidney failure or if a prior serum creatinine was 
greater than 2.0 mg/dL. Current dialysis was defined 
as chronic hemodialysis or peritoneal dialysis.

AKI was defined using 2 definitions. Patients with 
discordant classifications using the 2 definitions were 
classified into the higher category. The AKI definitions 
excluded patients with ESKD on chronic hemodialysis 
before admission.

1.	 For patients without CKD or chronic dialysis:

Stage 1: first documented serum creatinine 1.5 to 
1.9 mg/dL

Stage 2: first documented serum creatinine 2 to 
2.9 mg/dL

Stage 3: first documented serum creatinine 
≥3.0 mg/dL

2.	 For patients with at least 2 recorded serum creati-
nine measures, AKI was defined by change from 
baseline to peak creatinine. Classifications were 
defined based on Kidney Disease Improving Global 
Outcomes guidelines:26

Stage 1: increase in serum creatinine to 1.5 to 1.9× 
baseline creatinine in 7 days or by ≥0.3 mg/dL in 
48 hours

Stage 2: increase in serum creatinine to 2 to 2.9× 
baseline creatinine in 7 days

Stage 3: increase in serum creatinine to ≥3× base-
line creatinine in 7 days, an increase in creatinine 
to an absolute value of ≥4.0 mg/dL, or initiation 
of dialysis

The 2 approaches to diagnosing AKI were necessary 
as serum creatinine before admission was not available. 
Moreover, because patients were admitted on average 
6 days into the course of their COVID illness, elevation of 
the admission creatinine may have reflected AKI present 
on admission.

Study Outcomes
The primary prespecified outcome was all-cause 
mortality during index hospitalization for COVID-19. 
The secondary prespecified outcomes were MACEs, 

venous thromboembolic events (deep vein thrombo-
sis or pulmonary embolism), and bleeding events. 
MACE was defined as cardiovascular death, nonfatal 
stroke, nonfatal MI, new-onset nonfatal heart failure, 
and nonfatal cardiogenic shock. End points were col-
lected by abstractors at the sites and were not ad-
judicated. We also evaluated associations of CKD 
and AKI with baseline and peak blood biomarkers, 
including C-reactive protein, interleukin-6, BNP, and 
NT-proBNP.

Statistical Analysis
Patients were stratified into CKD categories (no CKD, 
nondialysis CKD, and ESKD) and separately into AKI 
categories (no AKI or stage 1, stage 2, or stage 3 AKI). 
Baseline characteristics were reported using median 
and interquartile range or number (percentage) and 
compared across previously defined CKD or AKI cat-
egories using trend tests. Multivariate logistic regres-
sion was used to identify factors associated with the 
development of AKI among patients with COVID-19, 
excluding patients on chronic dialysis before admis-
sion. Variables were selected based on clinical plausi-
bility and significant associations (P<0.05) in univariate 
analyses. All AKI categories were collapsed together 
for this analysis.

Therapies administered during hospitalization 
were compared across CKD and AKI categories, in-
cluding COVID-related treatments and participation in 
clinical trials. The cumulative incidence of in-hospital 
all-cause mortality was compared across CKD and 
AKI categories using the log-rank test. Cox propor-
tional hazards regression models were created for 
in-hospital mortality, adjusted for age, sex, race/eth-
nicity, insurance status, smoking, hypertension, di-
abetes mellitus, prior CVD (coronary artery disease, 
heart failure, atrial fibrillation, stroke), with robust stan-
dard errors used to account for clustering of patients 
within enrolling sites. Nonfatal events were evaluated 
in a similar manner in models that account for the 
competing risk of death. A similar approach was used 
to evaluate the association of AKI categories with out-
comes, except that models also adjusted for CKD 
(present/absent), and the mortality model addition-
ally adjusted for in-hospital complications including 
cardiac arrest, shock, heart failure, and MI. Patients 
with ESKD on chronic hemodialysis before admission 
were excluded from the analyses of the association 
of AKI categories with outcomes. Stratified analyses 
were performed in subgroups defined by in-hospital 
shock or cardiac arrest and in-hospital ventilator use. 
A sensitivity analysis was performed to determine if 
associations of AKI categories with outcomes differed 
based on the 2 methods for defining AKI. All analyses 
were performed using SAS version 9.4 (Cary, NC), 
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Table 1.  Baseline Characteristics and Crude Outcomes Stratified by CKD and ESKD on Hemodialysis

Clinical Characteristic No CKD, N=7416 Nondialysis CKD, N=841 ESKD on Chronic Dialysis, N=335 P Value

Age, y 61 (48–73) 74 (63–83) 66 (53–74) <0.0001

Weight, kg 82 (69–99) 79 (67–95) 73 (62–87) <0.0001

Male 4045 (54.5) 505 (60.1) 204 (60.9) 0.0002

Race/ethnicity

White 2365 (31.9) 342 (40.7) 60 (17.9) 0.29

Black 1638 (22.1) 254 (30.2) 118 (35.2) <0.0001

Hispanic 2302 (31) 165 (19.6) 127 (37.9) <0.0001

Other* race 486 (6.6) 31 (3.7) 16 (4.8) .0004

Smoking 465 (6.3) 58 (6.9) 21 (6.3) 0.57

Hypertension 4102 (55.3) 713 (84.8) 284 (84.8) <0.0001

Dyslipidemia 2402 (32.4) 481 (57.2) 147 (43.9) <0.0001

Diabetes mellitus 2497 (33.7) 455 (54.1) 214 (63.9) <0.0001

Prior MI 264 (3.6) 88 (10.5) 31 (9.3) <0.0001

Prior CHF 550 (7.4) 291 (34.6) 113 (33.7) <0.0001

Prior stroke 462 (6.2) 132 (15.7) 57 (17) <0.0001

Prior CVD 1193 (16.1) 410 (48.8) 167 (49.9) <0.0001

ACEI on admission 1109 (33.3) 136 (22.2) 47 (17.9) <0.0001

ARB on admission 818 (24.5) 114 (18.6) 51 (19.4) 0.0005

Time from symptom onset to 
presentation, days

6 (3–9) 3.5 (1–7) 2.5 (1–6) <0.0001

Enrollment in clinical trial 687 (9.3) 87 (10.5) 19 (5.7) 0.68

In-hospital COVID therapy

Corticosteroids, oral 1512 (21.1) 211 (27.0) 72 (22.0) 0.004

Hydroxychloroquine 244 (3.3) 35 (4.2) 3 (0.9) 0.77

Remdesivir 619 (8.4) 56 (6.8) 2 (0.6) <0.0001

Symptoms

Confusion 681 (9.4) 167 (20.1) 51 (15.7) <0.0001

Fatigue 1773 (24.5) 209 (25.2) 74 (22.8) 0.95

Fever/chills 4702 (65) 441 (53.1) 199 (61.4) <0.0001

Headache 716 (9.9) 44 (5.3) 9 (2.8) <0.0001

Anosmia 302 (4.2) 21 (2.5) 5 (1.5) 0.0015

Myalgias 1594 (22) 124 (14.9) 48 (14.8) <0.0001

Nasal congestion 376 (5.2) 40 (4.8) 8 (2.5) 0.11

Nausea 1994 (27.6) 217 (26.1) 88 (27.2) 0.43

Shortness of breath 4389 (60.7) 462 (55.6) 169 (52.2) <0.0001

Sore throat 512 (7.1) 25 (3) 13 (4) <0.0001

Biomarkers (baseline)†

Troponin (N=4938), ng/L 0 (0–50) 40 (0–180) 100 (30–400) <0.0001

C-reactive protein (N=5104), 
mg/L

4.7 (1.1–10.0) 6.5 (1.8–10.0) 6.3 (1.6–10.0) <0.0001

Creatinine (N=8326), mg/dL 1.0 (0.8–1.2) 2.0 (1.4–3.1) 7.1 (4.7–10.3) <0.0001

Interleukin-6 (N=1162) pg/mL 18.5 (5.0–59.0) 28.2 (7.0–100.1) 35.5 (10.2–104.5) 0.003

NT-proBNP (N=1951), pg/mL 186 (50–840) 1742 (418–6100) 30958 (7162–65762) <0.0001

BNP (N=1797), pg/mL 48 (18–165) 177 (57–673) 872 (214–2872) <0.0001

Biomarkers (peak)†

Troponin (N=2222), ng/L 10 (0–200) 100 (10–500) 200 (100–1200) <0.0001

C-reactive protein (N=3669), 
mg/L

6.6 (1.7–10.0) 9.1 (2.9–10.7) 8.7 (3.2–10.09) <0.0001

 (Continued)
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and statistical significance was determined by a 2-
sided P-value <0.05.

RESULTS
Chronic Kidney Disease
Baseline Characteristics and Biomarkers

The overall cohort was composed of 8574 patients. 
Of these patients, 7416 had no CKD, 841 had non-
dialysis CKD, and 335 had ESKD. Overall, individu-
als with nondialysis CKD were older, more likely to 
be Black patients, and had a higher prevalence of 
hypertension, dyslipidemia, diabetes mellitus, prior 
stroke, and prior CVD (P<0.0001 for each). Patients 
with ESKD on chronic dialysis were younger com-
pared with those with nondialysis CKD. Patients 
with nondialysis CKD tended to be admitted to the 
hospital for COVID-19 after a shorter symptom du-
ration compared with those without CKD (Table  1). 
There was no significant difference in enrollment in 
COVID-19 clinical trials among the 3 groups. Notably, 
patients with nondialysis CKD or ESKD had different 

symptom profiles on presentation (as compared with 
no CKD), with a higher proportion reporting confu-
sion. The CKD and ESKD groups also had higher 
admission levels of C-reactive protein, IL-6 (inter-
leukin-6), BNP, and NT-proBNP and reached higher 
peak levels of these biomarkers during the hospitali-
zation compared with those without CKD, with the 
exception of IL-6, which showed similar peak levels 
across groups (Table 1).

Primary and Secondary Outcomes

In unadjusted analyses, prior nondialysis CKD or ESKD 
on chronic dialysis were associated with significantly 
higher rates of in-hospital all-cause mortality as well as 
MACEs and major in-hospital complications such as 
cardiac arrest, shock, intensive care unit admission, and 
clinical bleeding requiring transfusion (log-rank P<0.0001 
for each; Table  1). After multivariate adjustment, how-
ever, the associations of nondialysis CKD and ESKD on 
chronic dialysis with mortality were attenuated and no 
longer significant (hazard ratio [HR], 1.15 [95% CI, 0.99–
1.33], and HR, 1.17 [95% CI, 0.93–1.47], respectively; 

Clinical Characteristic No CKD, N=7416 Nondialysis CKD, N=841 ESKD on Chronic Dialysis, N=335 P Value

Creatinine (N=6518), mg/dL 1.6 (0.8–1.3) 3.3 (1.5–3.9) 9.0 (6.2–11.3) <0.0001

Interleukin-6 (N=883), pg/mL 29.0 (6.0–114.7) 41.7 (13.0–89.7) 18.90 (5.0–72.0) 0.72

NT-proBNP (N=773), pg/mL 275 (72–1224) 2333 (538–8270) 38221 (17775–70000) <0.0001

BNP (N=479), pg/mL 101 (34–351) 377 (135–650) 534 (325–3803) <0.0001

Crude outcomes

Death 1231 (16.6) 252 (30) 96 (28.7) <0.0001

Cardiac arrest 394 (5.4) 65 (7.9) 33 (9.9) <0.0001

MACE 581 (7.8) 92 (10.9) 36 (13.7) <0.0001

In-hospital shock 870 (12.3) 144 (18.7) 57 (17.7) <0.0001

New initiation of RRT during 
hospitalization

250 (3.4) 75 (9.1) 11 (3.3) <0.0001

Length of stay, d 5.7 (3.5–10.7) 6.7 (3.87–12.3) 7.7 (3.9–13.1) <0.0001

ICU admission 2038 (27.7) 276 (33.4) 118 (35.4) <0.0001

Days in ICU 8 (4–15) 5 (2–11) 4 (2–9) 0.001

Ventilator use 1507 (20.5) 189 (22.9) 79 (23.7) 0.04

Ventilator days 8 (3–14) 7 (3–12) 4 (2–10) 0.0003

Thrombotic events 250 (3.4) 22 (2.7) 7 (2.1) 0.10

Deep vein thrombosis 169 (2.3) 18 (2.2) 5 (1.5) 0.47

Pulmonary embolism 109 (1.5) 5 (0.6) 2 (0.6) 0.02

Stroke 81 (1.1) 13 (1.6) 5 (1.5) 0.19

Clinical bleeding requiring 
transfusion

193 (2.6) 36 (4.4) 21 (6.4) <0.0001

Data are provided as number (percentage) or median (interquartile range). ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; BNP, B-type natriuretic peptide; CHF, congestive heart failure; CKD, chronic kidney disease; CVD, cardiovascular disease; ESKD, end-stage kidney 
disease; ICU, intensive care unit; MACE, major adverse cardiac event; MI, myocardial infarction; NT-proBNP, N-terminal pro–brain natriuretic peptide; and RRT, 
renal replacement therapy.

*Other includes Asian, American Indian, Native Hawaiin or Pacific Islander.
†Biomarkers were not available in the full study sample.

Table 1.  Continued
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Figure 1). Similarly, with multivariate adjustment, the as-
sociation of nondialysis CKD and ESKD on chronic dialy-
sis with MACEs was no longer significant (Figure 1). The 
multivariate analyses demonstrated a significant inverse 
association between ESKD and thromboembolic com-
plications (HR, 0.31; 95% CI, 0.11–0.88; Figure 1).

Acute Kidney Injury
Baseline Characteristics and Biomarkers

Overall, 8326 (97%) patients had a baseline creatinine 
value recorded and 6476 (77%) had at least 2 meas-
urements recorded. There were 8121 patients with a 
valid AKI grouping. After exclusion of participants with 
ESKD at baseline who were not eligible for the AKI 
analyses, there were 6011 without AKI, 902 with stage 
1 AKI, 431 with stage 2 AKI, and 777 with stage 3 AKI. 
Individuals with AKI tended to be older and were more 
likely to be men and of Black race (P<0.0001 for each; 
Table  2). In addition, there was a greater prevalence 

of hypertension, dyslipidemia, diabetes mellitus, prior 
stroke, prior CVD, and CKD among individuals with 
higher AKI stages compared with those without AKI 
(P<0.0001 for each; Table 2). In a multivariate logistic 
regression model, older age, male sex, Black race, his-
tory of diabetes mellitus or hypertension, in-hospital 
shock or cardiac arrest, and mechanical ventilation 
were significantly associated with AKI (Table 3).

Time from symptom onset to presentation was 
shorter among individuals with versus without AKI 
(P<0.0001; Table  2). Compared with those without 
AKI, individuals in the AKI groups reported symp-
toms of confusion more often, whereas constitutional 
symptoms, headache, anosmia, myalgias, nasal con-
gestion, sore throat, and nausea were less common 
(P<0.0001 for each; Table 2). The cardiovascular and 
inflammatory biomarkers on presentation and at peak 
during the hospitalization were significantly higher 
in the AKI groups compared with the group without 
AKI (P<0.0001 for each), but did not differ between 

Figure 1.  Forest plot of multivariate adjusted primary and key secondary outcomes by CKD stage.
Plots represent the hazard ratio with corresponding 95% CI for the corresponding outcome by CKD stage. Yellow represents the 
“end-stage kidney disease on chronic dialysis” group, blue represents the “nondialysis CKD” group, and red represents the “no 
CKD or ESRD” group. Multivariate models included adjustment for age, sex, race/ethnicity, insurance status, smoking, diabetes 
mellitus, hypertension, and prior cardiovascular disease (coronary artery disease, heart failure, atrial fibrillation, stroke). CKD 
indicates chronic kidney disease; DVT, deep vein thrombosis; ESKD, end stage kidney disease not on dialysis; ESKD-HD, end 
stage kidney disease on dialysis; MACE, major adverse cardiovascular event; and PE, pulmonary embolism.
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Table 2.  Baseline Characteristics and Crude Outcomes Stratified by AKI Stage

Clinical Characteristic No AKI, N=6011 AKI Stage 1, N=902 AKI Stage 2, N=431 AKI Stage 3, N=777 P Value

Age, y 60 (47–73) 69 (58–79) 71 (62–82) 65 (55–74) <0.0001

Weight, kg 82 (69–98) 79 (67–99) 80 (68–96) 83 (69–102) 0.80

Male 3189 (53.1) 564 (62.5) 272 (63.1) 504 (64.9) <0.0001

Race/ethnicity

White 1958 (32.6) 312 (34.6) 135 (31.3) 210 (27.0) 0.08

Black 1229 (20.5) 264 (29.3) 126 (29.2) 249 (32.1) <0.0001

Hispanic 1929 (32.1) 217 (24.1) 103 (23.9) 217 (27.9) <0.0001

Other* race 391 (6.5) 46 (5.1) 30 (7.0) 43 (5.5) 0.187

Smoking 377 (6.3) 56 (6.2) 31 (7.2) 50 (6.4) 0.70

Hypertension 3177 (52.9) 689 (76.4) 343 (79.6) 565 (72.7) <0.0001

Dyslipidemia 1938 (32.2) 403 (44.7) 196 (45.5) 317 (40.8) <0.0001

Diabetes mellitus 1921 (32) 416 (46.1) 229 (53.1) 374 (48.1) <0.0001

Prior MI 235 (3.9) 51 (5.7) 28 (6.5) 34 (4.4) 0.0096

Prior CHF 501 (8.3) 168 (18.6) 66 (15.3) 94 (12.1) <0.0001

Prior stroke 364 (6.1) 104 (11.5) 45 (10.4) 73 (9.4) <0.0001

Prior CVD 1001 (16.7) 281 (31.2) 119 (27.6) 187 (24.1) <0.0001

Prior CKD 489 (8.1) 206 (22.8) 23 (5.3) 100 (12.9) <0.0001

Time from symptom onset to 
presentation, days

6 (3–9) 4 (2–7) 5 (2–8) 5 (2–9) <0.0001

Enrollment in clinical trial 592 (9.9) 70 (7.8) 27 (6.3) 54 (7) 0.0002

In-hospital medications

Corticosteroids 1099 (18.6) 227 (25.5) 119 (27.9) 271 (35.2) <0.0001

Hydroxychloroquine 5843 (97.3) 873 (96.9) 411 (95.6) 735 (94.7) 0.0003

Remdesivir 553 (9.2) 47 (5.2) 22 (5.1) 33 (4.3) <0.0001

Symptoms

Confusion 490 (8.3) 145 (16.5) 87 (21.4) 112 (14.7) <0.0001

Fatigue 1492 (25.3) 216 (24.6) 91 (22.4) 187 (24.5) 0.31

Fever/chills 3943 (66.8) 528 (60.2) 206 (50.7) 454 (59.6) <0.0001

Headache 650 (11) 45 (5.1) 19 (4.7) 37 (4.9) <0.0001

Anosmia 276 (4.7) 18 (2.1) 10 (2.5) 17 (2.2) <0.0001

Myalgias 1400 (23.7) 126 (14.4) 52 (12.8) 124 (16.3) <0.0001

Nasal congestion 341 (5.8) 22 (2.5) 8 (2) 32 (4.2) <0.0001

Nausea 1723 (29.2) 218 (24.9) 90 (22.2) 180 (23.6) <0.0001

Shortness of breath 3593 (60.9) 507 (57.8) 229 (56.4) 475 (62.3) 0.30

Sore throat 459 (7.8) 29 (3.3) 10 (2.5) 35 (4.6) <0.0001

Biomarkers, baseline†

Troponin (N=4779), ng/L 0 (0–30) 30 (0–200) 45 (0–200) 40 (0–220) <0.0001

C-reactive protein   
(N=4892), mg/L

4.5 (1.12–10.0) 5.7 (1.4–10.0) 7.9 (1.7–10.2) 6.1 (1.4–10.0) <0.0001

Creatinine (N=8052), mg/dL 0.9 (0.7–1.1) 1.7 (1.5–1.9) 2.2 (2.0–2.5) 3.0 (1.2–5.1) <0.0001

Interleukin-6 (N=1102),   
pg/mL

15.5 (5–45.8) 18.6 (6–79) 41.3 (20–111) 47.3 (12–152.9) <0.0001

NT-proBNP (N=1832), pg/mL 139 (41–668) 1112 (218–3935) 1225 (299–3860) 1461 (391–6089) <0.0001

BNP (N=1735), pg/mL 45 (18–164) 126 (36–457) 108 (32–282.5) 112 (33–442) <0.0001

Biomarkers, peak†

Troponin (N=2213), ng/mL 10 (0–100) 100 (0–700) 110 (5–805) 100 (10–900) <0.0001

C-reactive protein (N=3657), 
mg/L

6.6 (1.55–9.99) 8.1 (2.2–10.0) 9.1 (2.4–11.5) 10.0 (2.6–17.1) <0.0001

Creatinine (N=6517), mg/dL 1.1 (0.7–1.1) 3.0 (1.4–2.7) 2.6 (1.8–2.9) 7.0 (2.6–6.9) <0.0001

 (Continued)



J Am Heart Assoc. 2021;10:e020910. DOI: 10.1161/JAHA.121.020910� 8

Rao et al� Kidney Disease and Outcomes in COVID-19

AKI categories, with the exception of IL-6, which was 
highest at baseline and peak in the AKI stage 3 group 
(Table 2).

Primary and Secondary Outcomes

In unadjusted analyses, a stepwise increase in mor-
tality was seen with increasingly higher stages of AKI 
(31.1%, 38.6%, and 48.9% in AKI stages 1, 2, and 3, re-
spectively, versus 10.2% in those without AKI ; log-rank 
P<0.0001; Table 2). Similar graded associations were 
seen between higher AKI stages and the in-hospital 
MACEs as well as complications of cardiac arrest, in-
tensive care unit admission, mechanical ventilation, ve-
nous thromboembolism, and clinical bleeding requiring 
transfusion (P<0.0001 for each; Table  2). With multi-
variate adjustment, the association between AKI and 
mortality remained significant across AKI stages (AKI 
stage 1: HR, 1.72 [95% CI, 1.46–2.03]; AKI stage 2: HR, 
1.83 [95% CI, 1.52–2.20]; AKI stage 3, HR, 1.69 [95% 
CI, 1.44–1.98]; Figure 2), although without the stepwise 
association by AKI stage seen in the unadjusted data. 
Similar patterns were seen for the association of AKI 
with MACEs (adjusted HR, 2.17 [95% CI, 1.74–2.71]; 

HR, 2.70 [95% CI, 2.07–3.51]; HR, 3.06 [95% CI, 2.52–
3.72] for AKI stages 1–3, respectively; Figure  2). No 
independent association was seen between AKI and 
thromboembolic complications (Figure 2).
In multivariate analyses stratified by in-hospital com-
plications including shock or cardiac arrest and me-
chanical ventilation, AKI was significantly associated 
with in-hospital mortality both among patients with and 
without these complications (Figure  3). The associa-
tion of AKI stages with mortality remained significant 
in sensitivity analyses considering the 2 AKI definitions 
separately (Figure 3).

DISCUSSION
In a large, national, multicenter registry of US pa-
tients hospitalized with COVID-19, we confirm 
previous findings from smaller and more selected 
cohorts demonstrating that AKI is associated with 
increased severity of illness, such as shock and me-
chanical ventilation, and with in-hospital all-cause 
mortality. Moreover, this study reports important 
novel associations between AKI and MACEs in pa-
tients with COVID-19, an important finding given 

Clinical Characteristic No AKI, N=6011 AKI Stage 1, N=902 AKI Stage 2, N=431 AKI Stage 3, N=777 P Value

Interleukin-6 (N=881), pg/
mL

23.00 (5.8–83.4) 38.6 (10.0–148.5) 30.5 (8.6–123.3) 86.0 (22.0–228.4) <0.0001

NT-proBNP (N=772), pg/mL 215 (57–1014) 1223 (208–5278) 847.5 (354–4702) 1490 (441–6000) <0.0001

BNP (N=478), pg/mL 91 (32–351) 208 (90–582) 205.95 (34–1577) 200 (74–507) <0.0001

Crude outcomes

Death 611 (10.2) 280 (31.1) 166 (38.6) 379 (48.9) <0.0001

Cardiac arrest 179 (3) 86 (9.6) 57 (13.3) 147 (19) <0.0001

MACE 279 (4.6) 122 (13.5) 81 (18.8) 203 (26.1) <0.0001

In-hospital shock 384 (6.7) 161 (18.2) 120 (28.6) 355 (46.6) <0.0001

New initiation of RRT during 
hospitalization

16 (0.3) 5 (0.6) 11 (2.6) 283 (36.5) <0.0001

Length of stay, days 5.6 (3.4–9.7) 7.0 (3.9–13.1) 7.0 (3.8–13.7) 9.7 (5–18.2) <0.0001

ICU admission 1298 (21.6) 350 (38.8) 206 (47.8) 482 (62.0) <0.0001

Days in ICU 6 (3–14) 7 (3–14) 9 (3–18) 11 (4–18) 0.02

Crude outcomes

Ventilator use 810 (13.5) 276 (30.6) 180 (41.9) 444 (57.2) <0.0001

Ventilator days 7 (3–13) 7 (3–12) 7 (3–13) 9 (5–16) <0.0001

Thrombotic events 167 (2.8) 38 (4.2) 16 (3.7) 55 (7.1) <0.0001

Deep vein thrombosis 114 (1.9) 23 (2.6) 13 (3) 40 (5.2) <0.0001

Pulmonary embolism 70 (1.2) 16 (1.8) 5 (1.2) 24 (3.1) 0.0004

Stroke 46 (0.8) 12 (1.3) 6 (1.4) 28 (3.6) <0.0001

Clinical bleeding requiring 
transfusion

100 (1.7) 46 (5.1) 18 (4.2) 81 (10.5) <0.0001

Data are provided as number (percentage) or median (interquartile range range). AKI indicates acute kidney injury; BNP, B-type natriuretic peptide; CHF, 
congestive heart failure; CVD, cardiovascular disease; ICU, intensive care unit; MACE, major adverse cardiac event; MI, myocardial infarction; NT-proBNP, N-
terminal pro–brain natriuretic peptide; and RRT, renal replacement therapy.

*Other includes Asian, American Indian, Native Hawaiin or Pacific Islander.
†Biomarkers were not available in the full study sample.

Table 2.  Continued
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emerging data demonstrating cardiac complica-
tions in COVID-19 patients and their contribution 
to mortality.14,15,17,27–31 Furthermore, we provide 
additional novel mechanistic insights from analy-
ses that show that patients with kidney disease, 
whether acute or chronic, have a significantly more 
adverse biomarker profile including higher levels of 
inflammatory and cardiac biomarkers. Finally, the 
symptom profile differed among patients with CKD 
or ESKD on presentation (as compared with no 
CKD), with a higher proportion reporting confusion. 
Patients with AKI also reported symptoms of confu-
sion more often, whereas constitutional symptoms, 
headache, anosmia, myalgias, nasal congestion, 
sore throat, and nausea were less common com-
pared with patients without AKI.

CKD was associated with mortality and other 
COVID-19 outcomes in univariate analyses, but not after 
adjustment for comorbid conditions. This is a surprising 
finding given prior studies linking CKD with higher mortal-
ity in COVID-19.12,18,28 This difference could be explained 
by the depth of our data collection and multivariate mod-
els, which allowed for more extensive adjustment for co-
variates. In contrast, AKI was strongly associated with 
increased mortality in COVID-19 after multivariate adjust-
ment, with results similar whether AKI was diagnosed 
at admission (definition 1) or later, based on serial cre-
atinine changes (definition 2). Results remained robust 
both when adjusting for, and stratifying by, in-hospital 
complications that may cause AKI, such as shock or 
cardiac arrest and respiratory failure requiring mechan-
ical ventilation. Risk was elevated to a similar extent for 
mild and more severe AKI stages. The associations 

observed here of AKI with mortality and MACEs appear 
generally similar to those reported for AKI in other acute 
hospital illnesses, recognizing the challenges of posttrial 
comparisons.1–4,9–13

Early reports from Wuhan, China, suggested a 
relatively low incidence of AKI in hospitalized pa-
tients with COVID-19, between 1% and 10%.14–17 
Subsequent studies then reported higher proportions 
of patients with AKI either present on admission or 
during the index hospitalization for COVID-19, ranging 
from 14% to 50%.18–22,32 In our study, the prevalence 
of AKI of any stage was 16%. In these prior studies, 
death rates were increased 2-fold to 5-fold among 
those with AKI.18,19 However, assessment of the full 
impact of AKI on patient outcomes in these studies 
was limited because of the small cohort sizes, inclu-
sion of few centers, or selected study samples (such 
as intensive care unit patients only). Our large study 
that includes multiple US health centers confirms a 
strong connection between the presence of AKI and 
mortality in COVID-19.

Several potential mechanisms for AKI in COVID-19 
have been proposed.33,34 In a recent consensus state-
ment, these putative mechanisms were classified as 
direct (ie, renal specific) and indirect (ie, secondary to 
systemic processes).33 One direct mechanism is cel-
lular entry of viral particles via the ACE2 (angiotensin-
converting enzyme 2) receptor, which is expressed on 
renal mesangial cells, podocytes, the parietal epithe-
lium of Bowman’s capsule, and the collecting ducts.35 
In a postmortem pathologic study of 26 patients who 
died with COVID-19, 9 patients demonstrated clinical 
evidence of renal injury, with histopathologic analysis 
of the kidney significant for nonspecific lymphocytic 
infiltrate and direct invasion of renal tubules by SARS-
CoV-2 particles.36 It should be noted, however, that 
renal cell tropism is a debated topic and has not been 
confirmed as a mechanism of kidney injury in this pop-
ulation. It has been proposed that in addition to direct 
cytotoxicity by the virus, there is activation of clus-
ter of differentiation (CD) 68+ macrophages and the 
complement cascade, and potentially contributions 
from antiphospholipid antibodies, to mediate tubular 
damage.37 SARS-CoV-2 viral particles were identified 
in renal tubular epithelial cells in 1 autopsy case re-
port of a patient with COVID-19 after open repair of 
aortic dissection.38 Several other autopsy series and 
case reports have identified collapsing glomerulopa-
thy as a renal-specific mechanism of COVID-19 kid-
ney injury.39–43

The role of the ACE2 enzyme in direct cellular entry 
of the SARS-CoV-2 viral particles has led to consid-
eration of the renin-angiotensin-aldosterone system 
in the pathogenesis of kidney disease in COVID-19. 
It is hypothesized that renin-angiotensin-aldosterone 
system activation may also contribute to a higher risk 

Table 3.  Multivariate Logistic Regression Model for In-
Hospital AKI

Variable Odds Ratio (95% CI)

Age, per y 1.03 (1.02–1.03)

Male 1.80 (1.56–2.08)

Black race 1.91 (1.61–2.27)

Hispanic ethnicity 0.93 (0.79–1.10)

Other* race 1.04 (0.49–2.21)

Diabetes mellitus 1.48 (1.28–1.72)

Hypertension 1.65 (1.41–1.93)

Prior CVD 1.14 (0.95–1.37)

In-hospital shock 2.19 (1.73–2.76)

In-hospital MI 1.40 (0.88–2.21)

In-hospital CHF 1.48 (0.84–2.61)

In-hospital cardiac arrest 1.69 (1.26–2.27)

Symptom onset (per day) 1.01 (1.00–1.02)

Mechanical ventilation 3.32 (2.72–4.05)

CHF indicates congestive heart failure; CVD, cardiovascular disease; and 
MI, myocardial infarction.

*Other includes Asian, American Indian, Native Hawaiin or Pacific Islander.
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of cardiovascular complications in COVID-19,44 a risk 
that appears magnified among patients with AKI in 
our study. The role of ACE2 in the renin-angiotensin-
aldosterone system cascade is to degrade angiotensin 
II, which serves to counter the vasoconstrictive and 
proinflammatory downstream effects of angiotensin 
II. It is hypothesized that SARS-CoV-2 downregulates 
the function of ACE2, leading to the accumulation of 
angiotensin II and an increase in its vasoactive ef-
fects.45 In addition, the degradation products of angio-
tensin II have important anti-inflammatory effects that 
counteract the proinflammatory downstream effects 
of angiotensin II. These broad pernicious effects of 
SARS-CoV-2 on ACE2 may thus contribute both to AKI 

and the higher rates of MACEs among patients with 
AKI observed in our study.

Early in the COVID-19 pandemic, there was ex-
tensive debate about the contribution of renin-
angiotensin-aldosterone system inhibition with 
angiotensin-converting enzyme inhibitors (ACEIs) and 
angiotensin receptor blockers (ARBs) to mortality in 
patients with COVID-19. However, this association 
has not been shown in recent trials. In a retrospective 
cohort study by Fosbol and colleagues, among pa-
tients with hypertension, prior use of ACEIs or ARBs 
was not significantly associated with COVID-19 diag-
nosis, severity, or mortality.46 Moreover, in the BRACE 
CORONA trial performed in Brazil, 659 patients taking 

Figure 2.  Forest plot of multivariate adjusted primary and key secondary outcomes overall by AKI stage.
Plots represent the hazard ratio with corresponding 95% CI for the corresponding outcome by AKI stage. Green represents no 
AKI, yellow represents AKI stage 1, blue represents AKI stage 2, and red represents AKI stage 3. Multivariate models included 
adjustment for age, sex, race/ethnicity, insurance status, smoking, diabetes mellitus, hypertension, and prior cardiovascular 
disease (coronary artery disease, heart failure, atrial fibrillation, stroke) and chronic kidney disease. Mortality model additionally 
adjusted for in-hospital shock, myocardial infarction, heart failure, and cardiac arrest. AKI indicates acute kidney injury; AKI 1, AKI 
stage 1; AKI 2, AKI stage 2; AKI 3, AKI stage 3; DVT, deep vein thrombosis; HR, hazard ratio; MACE, major adverse cardiovascular 
event; and PE, pulmonary embolism.
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ACEIs or ARBs before admission for mild to moder-
ate COVID-19 were then randomized to continuation 
versus discontinuation of ACEIs or ARBs.47 There was 
no difference in the number of days alive or out of the 
hospital between the 2 groups, suggesting that ACEI 
or ARB continuation was not associated with worse 
mortality in COVID-19.47

Beyond COVID-specific mechanisms, common 
causes of AKI in hospitalized patients appear to play 
a role in the development of AKI in patients with 
COVID-19 and may also contribute to MACEs and 
death. These indirect mechanisms include hemody-
namic instability and shock resulting in acute tubular 
necrosis; nephrotoxic medications resulting in acute 

interstitial nephritis; and right ventricular failure and 
elevated positive end-expiratory pressure levels in 
patients on mechanical ventilation exacerbating car-
diorenal syndrome.33 Finally, it is possible that renal 
contraindications to COVID-19 therapies, such as rem-
desivir, may contribute to worse outcomes, as patients 
with advanced kidney disease less commonly receive 
this beneficial therapy.

Our study has several limitations. First, the pro-
cess of data abstraction into the registry and the 
lack of prior creatinine measurements may have led 
to misclassification of patients with CKD as having 
AKI. The low use of ACEIs/ARBs in the CKD sub-
group supports some degree of misclassification of 

Figure 3.  Forest plot of multivariate adjusted associations of AKI with in-hospital mortality, stratified by in-hospital 
complications or AKI definition.
Plots represent the hazard ratio with corresponding 95% CI for the corresponding outcome by AKI stage. Green represents 
the “no AKI” group, yellow represents the “stage 1 AKI” group, blue represents the “stage 2 AKI” group, and red represents 
the “stage 3 AKI” group. Multivariate models included adjustment for age, sex, race/ethnicity, insurance status, smoking, 
diabetes mellitus, hypertension, and prior cardiovascular disease (coronary artery disease, heart failure, atrial fibrillation, 
stroke) and chronic kidney disease. Mortality model additionally adjusted for in-hospital shock, myocardial infarction, heart 
failure, and cardiac arrest except when stratified for these variables. AKI indicates acute kidney injury; AKI 1, AKI stage 1; 
AKI 2, AKI stage 2; AKI 3, and AKI stage 3.
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this definition. This could contribute to the lack of 
significant association between CKD and adverse 
outcomes seen in our study. We also did not collect 
data on the presence of proteinuria, hematuria, or 
urine sediment analysis, which may have identified 
patients with earlier stages of renal dysfunction and 
provided additional information regarding mecha-
nism of AKI in this population. Finally, AKI in patients 
with COVID-19 may be both an outcome of critical 
illness and an exposure that contributes to adverse 
outcomes. The timing of AKI relative to other in-
hospital events was not determined. As such, the 
absence of clear temporal relationships between the 
development of AKI and the other in-hospital com-
plications limits our evaluation of AKI as an exposure 
alone in this population. However, the consistency 
of the mortality associations in subgroups without 
major in-hospital complications provides strong sup-
port that confounding from major hemodynamic and 
respiratory complications does not fully explain the 
association of AKI with adverse outcomes.

Our study has potential clinical implications for hos-
pitalized patients with COVID-19. First, the significant 
association between AKI and mortality in stratified 
analyses of patients without major complications sug-
gests that kidney injury is an important marker of fu-
ture adverse outcomes in COVID-19 and is not merely 
a manifestation of higher disease acuity. Second, the 
novel findings regarding MACEs suggest that when AKI 
is detected, heightened awareness for cardiovascular 
complications is warranted. Cardiovascular prevention 
may assume a lower priority in individuals admitted 
with COVID-19 given the high respiratory morbidity and 
mortality of this illness. However, cardiovascular com-
plications occur in a substantial minority of patients 
with COVID-1928–31,45,48 and occur more frequently in 
patients with AKI, as seen in our study. Future studies 
should investigate whether continuation or even initi-
ation of cardiovascular preventive therapies, including 
statins and antiplatelet therapies, could mitigate car-
diac risks in patients with COVID-19 and AKI.

Early recognition of AKI in patients with COVID-19 
may provide useful information regarding prognosis, 
regardless of the mechanism or timing of AKI. In turn, 
close monitoring for hemodynamic fluctuations, main-
taining fluid homeostasis, and avoiding nephrotoxins 
may help to prevent worsening kidney injury during 
the hospitalization. Additional study is needed to de-
termine whether specific interventions to optimize he-
modynamic performance can prevent AKI or mitigate 
downstream consequences from AKI in COVID-19.

In summary, our study demonstrates that in a 
large, diverse population of hospitalized patients with 
COVID-19, AKI present on ​admission or developing 
during the index hospitalization for COVID-19 infection 
is strongly associated with all-cause mortality and with 

major adverse cardiac events. Further investigations 
are needed to clarify the mechanisms of AKI and po-
tential treatments for kidney injury beyond supportive 
care.
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