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Abstract
Introduction: Coronavirus-2019 disease (COVID-19)-associ-
ated acute kidney injury (AKI) and its short and mid-term ef-
fect on kidney has been well established in the previous lit-
erature, indicating a high number of AKI in hospitalized pa-
tients associated with high rates of mortality, followed by 
high rates of unresolved kidney injury at the time of dis-
charge. However, the long-term impact of AKI and its result-
ing lack of recovery at the time of discharge has not been 
investigated. Herein, we sought to explore the possible rela-
tionship between AKI and unresolved kidney injury and 
post-discharge mortality. Method: In this cohort study, pa-
tients hospitalized with COVID-19 who survived until dis-
charge were followed for a median of 9.6 months. AKI during 
hospitalization based on the staging according to Kidney 
Disease: Improving Global Outcomes (KDIGO) criteria and 

kidney injury status at discharge and other comorbidities 
and mortality during the follow-up period were recorded. 
The desired association was investigated using Cox propor-
tional hazards regression after adjustment for potential con-
founders. Result: Among 1,017 discharged patients, 298 pa-
tients (29.3%) experienced AKI during hospitalization ac-
cording to KDIGO criteria, of whom 178 patients (59.7%) 
were diagnosed with unresolved kidney injury at the time of 
discharge. After adjusting for potential confounders, Cox re-
gression indicated that AKI stage 3 (hazard ratio (HR): 4.56, 
95% confidence interval (CI): 1.89–10.99, p = 0.001) and un-
resolved kidney injury at the time of discharge (HR: 2.09, 95% 
CI: 1.18–3.73, p = 0.011) were significantly associated with 
mortality during the post-discharge period. Additionally, Ka-
plan-Meier curves for overall survival indicated an increased 
risk of mortality in patients with stage 2, stage 3 AKI, and un-
resolved kidney injury at the time of discharge (p < 0.001). 
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Conclusion: Overall, it was shown that patients with CO-
VID-19 who develop AKI, mainly stage 2 and 3, and patients 
with unresolved kidney injury at the time of discharge, were 
at an increased risk of mortality, even after hospitalization for 
an extended period of time. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Acute kidney injury (AKI) has been recognized as a 
common complication of the Coronavirus-2019 disease 
(COVID-19) and is one of the main contributors to CO-
VID-19 mortality [1]. COVID-19-associated AKI and its 
long-term impact on the kidney, reflected by the higher 
population of patients without renal recovery at the hos-
pital discharge as well as patients with a substantial de-
crease in estimated glomerular filtration rate in the after 
hospital discharge period, compared to AKI in patients 
without COVID-19 has been well established [2–5]. 
However, despite the significant association between 
COVID-19 associated AKI and mortality, the long-term 
impact of COVID-19-associated AKI and continued kid-
ney dysfunction on mortality has not been well investi-
gated.

Methods

This study was performed in line with the Helsinki declara-
tion and approved by the Ethics Committee of Tehran Univer-
sity of Medical Sciences (Code: IR.TUMS.VCR.REC.1398.1037). 
In this prospective cohort study, conducted at Sina Hospital (af-
filiated with Tehran University of Medical Sciences), a tertiary 
educational center in Tehran, Iran, all consecutive patients aged 
≥18 years old, diagnosed with COVID-19 who were hospitalized 
between February 16 2020, and December 1, 2020 and survived 
to discharge were included. The COVID-19 diagnosis was ascer-
tained in patients with positive reverse-transcriptase poly-
merase-chain-reaction test of respiratory samples for severe 
acute respiratory syndrome coronavirus 2 or in patients with 
clinical suspicion for COVID-19 according to the World Health 
Organization (WHO) interim guidance with a chest computed 
tomography involvement in favor of COVID-19. Patients with a 
history of end-stage renal kidney disease and those lost to fol-
low-up were excluded. Medical records, including each patient’s 
characteristics and hospital course, were collected using the hos-
pital’s electronic health system. Owing to the unavailability of 
prehospital patients baseline serum creatinine (SCr) in most of 
the population, baseline creatinine was imputed according to a 
modification of diet in renal disease estimated glomerular filtra-
tion fraction of 75 mL/min/1.73 m2 as per the Kidney Disease: 
Improving Global Outcomes AKI guideline, a validated method 
in line with previous studies utilizing the same mechanism [3, 

6]. Patients were followed from the day of discharge (“time zero” 
or index date) for a median of 9.6 months (interquartile range of 
6.4–11.4 months). The data regarding the occurrence and date 
of mortality among the discharged patients was obtained once 
from the national organization for civil registration of Iran on 
February 23, 2021. They were divided based on the presence of 
AKI at the time of hospitalization and the state of renal recovery 
at the time of discharge, and the association of respected groups 
with mortality was explored. AKI and was defined according to 
the Kidney Disease: Improving Global Outcomes criteria deter-
mined as the increase in SCr to ≥1.5 times to 1.9 times of baseline 
occurred within the previous 7 days or an increase in SCr by ≥0.3 
mg/dL (≥26.5 μmol/L) within 48 h as stage 1, 2–2.9 times in-
crease in SCr within 7 days as stage 2, and 3 times or more in-
crease in SCr within 7 days as stage 3. AKI recovery was defined 
as <0.3 mg/dL (<26.5 μmol/L) difference from the baseline SCr 
and with less than a 50% increase from the baseline creatinine at 
the time of discharge.

Categorical variables were compared using the χ2 or Fischer’s 
exact tests and were presented as numbers (%). Continuous vari-
ables with normal distribution were expressed as mean ± standard 
deviation and compared utilizing the T test. Cox proportional 
hazards regression was performed to estimate hazard ratios (HRs) 
with 95% confidence intervals (CIs) for COVID-19 associated 
AKI and unresolved kidney injury at the time of discharge with 
mortality in univariate analysis. Additionally, the multivariate 
analysis was conducted to adjust for potential confounders, in-
cluding the risk factors that remained significant in univariate 
analysis. Furthermore, the Kaplan-Meier curve and the log-rank 
test were used to investigate the association between COVID-19 
associated AKI and renal dysfunction at the discharge and all-
cause mortality.

Results

A total of 1,192 patients were discharged during the 
study period. After excluding patients with end-stage re-
nal kidney disease and patients with missing creatinine 
values, 1,017 patients who survived until discharge en-
tered the final analysis. During the follow-up with a me-
dian of 9.6 months, 67 patients (6.5%) incurred death 
(online suppl. Fig. 1; for all online suppl. material, see 
www.karger.com/doi/10.1159/000524451). Out of all 
survived patients at the time of discharge, in-hospital AKI 
was experienced in 298 patients (29.3%). Among patients 
with AKI, 178 patients (59.7%) were diagnosed with un-
resolved kidney injury at the time of discharge. Patients 
who developed COVID-19 associated AKI were signifi-
cantly older (59.9 ± 18.1 vs. 56.6 ± 15.2, p = 0.005) and 
more likely to be male (86.2% vs. 50.2%, p < 0.001) than 
patients without AKI (Table 1). Furthermore, the devel-
opment of AKI during hospitalization was significantly 
higher in patients with comorbidities, including hyper-
tension, diabetes mellitus, dyslipidemia, coronary artery 
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disease, congestive heart failure, cerebrovascular acci-
dent, and chronic kidney disease. Due to the exclusion of 
patients who incurred death during hospitalization, there 
was no difference in intensive care unit admissions and 
disease severity between patients with and without AKI. 
In line with our postulation, not only patients with CO-
VID-19-associated AKI during hospitalization experi-
enced significantly higher rates of all-cause mortality af-
ter discharge than patients without AKI (9.4% vs. 5.4%.  
p = 0.020) but also higher stages of AKI was tied to high-
er mortality rates after discharge (33.3% vs. 15.2% vs. 
5.7% mortality rates in stage 3, 2, and 1, respectively, p < 
0.001). Accordingly, patients with stage 2 and 3 AKI were 
more likely to experience unresolved kidney injury at the 
time of the hospital discharge than patients with stage 1 
AKI (93.5% of patients with stage 2 AKI and 91.7% of pa-
tients with stage 3 AKI vs. 49.6% of patients with stage 1 
AKI, p < 0.001).

Cox proportional hazards regression was used to as-
sess the potential association of COVID-19 associated 
AKI stages during hospitalization and post-discharge all-
cause mortality (Table  2). Univariate analysis revealed 
that AKI stage 2 (HR: 2.83, 95% CI: 1.26–6.34, p = 0.011) 
and 3 (HR: 7.35, 95% CI: 3.43–15.74, p < 0.001) during 
hospital course were significantly associated with all-

cause mortality after discharge. Additionally, after multi-
variate analysis to adjust for possible confounders, AKI 
stage 3 (HR: 4.56, 95% CI: 1.89–10.99, p = 0.001) re-
mained significant as a predictor of all-cause mortality 
after hospital discharge.

Univariate analysis indicated that patients unable to 
achieve kidney recovery at discharge were significantly at 
a higher risk of mortality after the time of discharge (HR: 
2.92, 95% CI: 1.78–4.80, p < 0.001). Interestingly, after 
adjustment for other variables, unresolved kidney injury 
was significantly associated with post-discharge all-cause 
mortality compared to patients who recovered from kid-
ney injury at the time of discharge (HR: 2.09, 95% CI: 
1.18–3.73, p = 0.011).

Implementing the Kaplan-Meier curves for overall 
survival of discharged patients with COVID-19 indicated 
that although patients with stage 1 AKI did not experi-
ence higher mortality rates, patients with stage 2 and 3 
had declined the chance of survival during the 9.6 month 
follow-up time, with stage 3 AKI in a higher risk of mor-
tality than AKI stage 2 (Fig. 1a), which was supplemented 
by log-rank test (p < 0.001). Furthermore, patients with 
no kidney recovery at the time of discharge were at in-
creased risk of mortality during the study period (Fig. 1b), 
supported by a log-rank test (p < 0.001).

Table 2. Risk factors of post-discharge mortality based on cox proportional hazard regression

Univariate analysis Multivariate analysis 
(AKI staging)

Multivariate analysis 
(unresolved kidney injury)

HR 95% CI p value HR 95% CI p value HR 95% CI p value

Unresolved kidney injury 2.929 1.785–4.806 <0.001 – – – 2.099 1.181–3.731 0.011
AKI

Stage 1 1.042 0.556–1.952 0.898 0.955 0.477–1.909 0.897 – – –
Stage 2 2.836 1.268–6.342 0.011 2.103 0.899–4.918 0.086 – – –
Stage 3 7.354 3.434–15.748 <0.001 4.560 1.891–10.995 0.001 – – –
Age ≥65 years 5.157 3.004–8.853 <0.001 4.052 2.239–7.331 <0.001 4.056 2.237–7.354 <0.001
Male gender 1.411 0.842–2.364 0.191 1.154 0.644–2.067 0.629 1.038 0.589–1.828 0.896
Hypertension 1.555 0.963–2.513 0.071 0.928 0.511–1.687 0.808 0.895 0.497–1.611 0.713
Diabetes 1.225 0.736–2.040 0.434 0.728 0.403–1.312 0.291 0.826 0.468–1.458 0.512
Dyslipidemia 1.804 1.110–2.932 0.017 1.223 0.645–2.316 0.536 1.142 0.601–2.169 0.684
Coronary artery disease 1.570 0.923–2.671 0.096 0.898 0.466–1.731 0.750 0.800 0.414–1.546 0.508
CHF 4.662 2.307–9.423 <0.001 2.611 1.191–5.724 0.017 2.859 1.310–6.236 0.008
CVA 2.846 1.230–6.586 0.015 1.713 0.679–4.319 0.253 1.505 0.589–3.846 0.392
CKD 2.724 1.177–6.303 0.019 1.257 0.472–3.344 0.646 1.331 0.499–3.552 0.567
Chronic respiratory disease 1.250 0.502–3.109 0.631 0.763 0.290–2.006 0.584 0.665 0.252–1.754 0.411
Malignancy 7.642 4.169–14.009 <0.001 6.724 3.457–13.079 <0.001 7.174 3.732–13.791 <0.001
Tobacco smoking 2.416 1.377–4.240 0.002 2.043 1.088–3.834 0.026 2.109 1.135–3.920 0.018

AKI, acute kidney injury; CHF, congestive heart failure; CI, confidence interval; CKD, chronic kidney disease; CVA, cerebrovascular accident; HR, hazard 
ratio.
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Discussion

In conclusion, we set out to show the potential long-
term impact of the COVID-19-associated AKI and its re-
sulting kidney dysfunction at the time of recovery on the 
post-discharge mortality during a median of 9.6 months. 
The persistence of kidney injury after COVID-19-associ-

ated AKI has been reported at controversial rates, includ-
ing as high as 32% of patients with no recovery at a me-
dian of 21 days after hospital discharge to as low as 9% in 
the median time of 4 months [3, 7]. However, the high 
risk of continued kidney dysfunction has been established 
in the literature [8, 9]. Given the results provided by this 
study, it seems vital to pay greater attention to patients 

a

b

Fig. 1. Kaplan-Meier curves for overall sur-
vival of discharged patients with CO-
VID-19 regarding AKI and its staging (a), 
and unresolved kidney injury (b).
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with COVID-19-associated AKI, in particular patients 
with higher stages of AKI and patients with unresolved 
kidney dysfunction at the time of discharge, irrespective 
of the kidney state in the subsequent follow-ups.

Although this is the first study to investigate the long-
term effect of AKI in COVID-19 on mortality, to the best 
of our knowledge, the following limitations should be ac-
knowledged. First, due to the strains on the health care 
system, individuals’ follow-up to renal function tests 
could not be provided. Second, this is a single-center 
study, and interpretation of its results should be made 
with caution. Last, the specific cause of death in each pa-
tient during the study period was not available.
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