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ABSTRACT

Background: A population-based study would be useful to identify the association between 
chronic kidney disease (CKD) or acute kidney injury (AKI) and prognosis of coronavirus 
disease 2019 (COVID-19) patients.
Methods: This retrospective study utilized the claim data from Korea. Patients who 
underwent COVID-19 testing and were confirmed to be positive were included and divided 
into the following three groups based on the presence of CKD or requirement of maintenance 
dialysis: Non-CKD (participants without CKD), non-dialysis CKD (ND-CKD), and dialysis-
dependent CKD (DD-CKD) patients. We collected data on the development of severe clinical 
outcomes and death during follow-up. Severe clinical outcomes were defined as the use of 
inotropics, conventional oxygen therapy, high-flow nasal cannula, mechanical ventilation, 
or extracorporeal membrane oxygenation and the development of AKI, cardiac arrest, 
myocardial infarction, or acute heart failure after the diagnosis of COVID-19. AKI was defined 
as the initiation of renal replacement therapy after the diagnosis of COVID-19 in patients 
not requiring maintenance dialysis. Death was evaluated according to survival at the end of 
follow-up.
Results: Altogether, 7,341 patients were included. The median duration of data collection 
was 19 (interquartile range, 11–28) days. On multivariate analyses, odds ratio (OR) for severe 
clinical outcomes in the ND-CKD group was 0.88 (95% confidence interval [CI], 0.64–1.20; 
P = 0.422) compared to the Non-CKD group. The DD-CKD group had ORs of 7.32 (95% CI, 
2.14–33.90; P = 0.004) and 8.32 (95% CI, 2.37–39.21; P = 0.002) compared to the Non-CKD 
and ND-CKD groups, respectively. Hazard ratio (HR) for death in the ND-CKD group was 
0.79 (95% CI, 0.49–1.26; P = 0.318) compared to the Non-CKD group. The DD-CKD group 
had HRs of 2.96 (95% CI, 1.09–8.06; P = 0.033) and 3.77 (95% CI, 1.29–11.06; P = 0.016) 
compared to the Non-CKD and ND-CKD groups, respectively. DD-CKD alone was associated 
with severe clinical outcomes and higher mortality. There was no significant difference in 
frequency of severe clinical outcomes or mortality rates between the Non-CKD and ND-CKD 
groups. In patients not requiring maintenance dialysis, AKI was associated with old age, male 
sex, and high Charlson's comorbidity index score but not with the presence of CKD. HRs for 
patients with AKI were 11.26 (95% CI, 7.26–17.45; P < 0.001) compared to those for patients 
without AKI in the multivariate analysis. AKI was associated with severe clinical outcomes 
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and patient survival, rather than underlying CKD.
Conclusion: CKD requiring dialysis is associated with severe clinical outcomes and mortality 
in patients with COVID-19; however, the development of AKI is more strongly associated with 
severe clinical outcomes and mortality.

Keywords: Coronavirus Disease; Mortality; Chronic Kidney Disease; Acute Kidney Injury; 
Prognosis

INTRODUCTION

Coronavirus disease (COVID-19) is a major global pandemic. As of 15th December 2020, a 
total of 39,402 patients were diagnosed with COVID-19 in Korea.1 The Korea Disease Control 
and Prevention Agency reported a COVID-19-related mortality of approximately 1.35% in 
South Korea. Favorable prognosis and rapid infectivity are important aspects of COVID-19. 
Several prognostic factors have been reported from previous studies, and ongoing studies 
may also be focused on the prognostic factors for COVID-19.

Chronic kidney disease (CKD) and acute kidney injury (AKI) are important health problems, 
and some studies have previously evaluated the association between these disorders and 
mortality in COVID-19 patients. Chen et al.2 compared the prevalence of pre-existing CKD 
and serum creatinine levels at the time of admission between deceased COVID-19 patients 
and surviving COVID-19 patients. They showed that, although the prevalence of CKD was not 
significantly different between the two groups, the deceased COVID-19 patients had higher 
serum creatinine levels at the time of admission. Other studies have evaluated the association 
between CKD and prognosis of COVID-19 patients.3-6 A meta-analysis showed a positive 
association between CKD and severity of COVID-19; however, all included studies individually 
reported a weak statistical association between the two, and most studies were conducted 
in the Chinese population.7 End-stage renal disease requiring maintenance dialysis is an 
advance stage of CKD and is also associated with poor prognosis of COVID-19 patients. Valeri 
et al.8 evaluated 59 patients on maintenance dialysis and reported a high mortality in dialysis 
patients.

Guan et al.3 evaluated 1,099 patients and showed that the incidence of AKI was 0.5% in all 
COVID-19 patients and 0.8% in COVID-19 patients requiring continuous renal replacement 
therapy. However, Chan et al.9 evaluated 3,235 hospitalized patients in USA and showed that 
the incidence of AKI was 46%; 20% of these patients required dialysis and showed a positive 
association between AKI and COVID-19 prognosis.

Many clinicians suggest that CKD and AKI are well-known risk factors for mortality in 
COVID-19 patients, but most previous studies on the association between CKD or AKI and 
clinical outcomes of COVID-19 patients were performed using limited cohorts, such as 
studies involving patients from a single center or those utilizing multicenteric data from 
regional hospitals.2,4-6,8,9 In addition, some studies did not compare between CKD patients 
with and without maintenance dialysis. Owing to these limitations of previous studies, 
further investigations are needed to identify the definite association between CKD and 
AKI, or CKD or AKI and COVID-19 prognosis. A population-based study would be useful 
to identify the association between CKD with or without maintenance dialysis or AKI 
and clinical outcomes of COVID-19 patients. The aim of the present study was to evaluate 
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the association between CKD or AKI and clinical outcomes of COVID-19 patients using a 
population-based dataset.

METHODS

Data source
This retrospective study utilized the claims data from the Health Insurance Review & 
Assessment Service (HIRA) of Korea. The Korean national healthcare system and the 
Medical Aid program cover nearly all the population residing in South Korea. The HIRA, as 
a government-affiliated organization, collects nearly all information on patient's diagnosis 
and past medical or procedural data. The HIRA contained data of all patients diagnosed with 
COVID-19 from February 1, 2020, and May 15, 2020.10 They merged the data with the claims 
data during the last 3 years from January 1, 2017 to May 15, 2020. They provided the merged 
data after anonymization and de-identification. Patients who underwent COVID-19 testing 
and were confirmed to be positive were included, and those aged < 18 years were excluded.

Follow-up and outcomes
The index date of the last follow-up was May 15, 2020. Baseline characteristics evaluated 
included age, sex, Charlson's comorbidity index (CCI), and the time of diagnosis of 
COVID-19. After the diagnosis of COVID-19, we recorded the follow-up duration; time of 
death as the end of follow-up; the use of inotropics, conventional oxygen therapy, high-
flow nasal cannula (HFNC), mechanical ventilation (MV), or extracorporeal membrane 
oxygenation (ECMO); and the development of AKI, cardiac arrest, myocardial infarction 
(MI), or acute heart failure.

Definitions of variables
Diseases, including COVID-19, were defined using the International Classification of 
Diseases, 10th revision, Clinical Modification (ICD-10). COVID-19 patients were defined using 
diagnostic codes for COVID-19 (B342, B972, Z208, Z290, U18, U181, Z038, Z115, U071, or 
U072). Briefly, claims for COVID-19-related testing were made using a special code (MT043, 
national disaster fundholding 3/02), and reimbursement for confirmed cases were claimed 
based on B342, B972, Z208, Z290, U18, U181, Z038, Z115, U071, or U072 (B342, coronavirus 
infection in unspecified area; B972, coronavirus as the cause of the diseases in other 
chapters; Z208, contact with and suspected exposure to other communicable diseases; Z290, 
isolation; U18, tentative designation or emergency use of a new disease in Korea; U181, novel 
coronavirus infection; Z038, observation for other suspected diseases and conditions; Z115, 
special screening examination for other viral diseases; U071, COVID-19, virus identified; and 
U072, COVID-19, virus not identified). The HIRA has a list of patients with both MT043 code 
and any of these ICD-10 codes and the Korea Disease Control and Prevention Agency has a 
list of confirmed patients. The HIRA merged two lists.

The presence of comorbidities at 1 year prior to the diagnosis of COVID-19 was recorded and 
defined using ICD-10 codes proposed by Quan et al.11,12 Finally, the CCI score without age 
factor was calculated. During follow-up, the clinical outcomes, except death, were defined 
using Electronic Data Interchange or ICD codes from the HIRA (M0040 for conventional 
oxygen therapy; M0046 for HFNC; M5850 or M5857–M5860 for MV; O1901–O1904 for ECMO; 
O7020 for hemodialysis; O7031–O7035 or O7051–O7055 for continuous renal replacement 
therapy [CRRT]; O7061, O7062, O7071, or O7072 for peritoneal dialysis; I46, M5873–M5877, 
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or M5880 for cardiac arrest; I21, I22, I252, M655x–M657x, OA631x–OA639x, OB631x–OB639x, 
OA641x, OA642x, OA647x, O0161x–O0171x, or O1641x–O1647x for MI; and I110, I130, I132, 
I255, I420, I425, I428, I429, I43, or I50 for acute heart failure). The use of inotropics was 
defined as the use of norepinephrine, epinephrine, vasopressin, dopamine, or dobutamine 
after the confirmed diagnosis of COVID-19.

Participants were divided into the following three groups based on the presence of CKD 
or requirement of maintenance dialysis: Non-CKD (participants without CKD), ND-CKD 
(non-dialysis CKD patients), and DD-CKD (dialysis dependent CKD patients). CKD patients 
were defined as those with ICD codes for N03, N05, N165, N18, N19, N250, I12, I13, Z490, 
Z491, Z492, Z940, Z992, E102, E112, E132, E142, or T861 at 1 year prior to the diagnosis 
of COVID-19. Patients with DD-CKD were defined as CKD patients with Electronic Data 
Interchange codes for dialysis over the last 3 months before the diagnosis of COVID-19 
(O7020 for hemodialysis and O7061, O7062, O7071, O7072, or the drug codes for peritoneal 
dialysis solutions for peritoneal dialysis). AKI was defined as the initiation of hemodialysis, 
CRRT, or peritoneal dialysis after the diagnosis of COVID-19 in patients not requiring 
maintenance dialysis. The presence of severe clinical outcomes was defined as having one or 
more of the following conditions: the use of inotropics, conventional oxygen therapy, HFNC, 
MV, or ECMO, and the development of AKI, cardiac arrest, MI, or acute heart failure. Death 
was evaluated according to survival at the index date of the last follow-up.

Statistical analyses
Data were analyzed using SAS Enterprise Guide version 7.1 (SAS Institute, Cary, NC, USA). 
Categorical variables are expressed as number and percentage, and continuous variables 
are expressed as mean ± standard deviation. The Pearson χ2 test or Fisher's exact test was 
used to analyze categorical variables. For continuous variables, the means were compared 
using the Student's t-test or one-way analysis of variance, followed by Bonferroni's post-
hoc comparison. The survival estimates were calculated using Kaplan-Meier curve and Cox 
regression analyses. P values for the comparison of survival curves were determined by the 
log-rank test. Multivariate Cox regression analyses were adjusted for age, sex, CCI score, 
and hypertension. In addition, logistic regression analyses were performed to evaluate the 
independent variables for clinical outcomes. The results of logistic regression were presented 
as odds ratio (OR) and 95% confidence interval (CI). Multivariate Cox regression analyses 
were also adjusted for age, sex, CCI score, and hypertension. P < 0.05 was considered to be 
statistically significant.

Ethics statement
The study was approved by the Institutional Review Board (IRB) of Yeungnam University 
Medical Center (IRB No: YUMC 2020-04-069). The board waived the need for obtaining 
patients' informed consent. The study was conducted in accordance with guidelines of the 
Declaration of Helsinki.

RESULTS

Clinical characteristics of the participants
The number of patients who underwent laboratory test for COVID-19 was 234,427. Among these, 
7,590 patients (3.2%) were diagnosed with COVID-19. Participants aged < 18 years (n = 249) were 
excluded. Finally, 7,341 patients were included. The Non-CKD, ND-CKD, and DD-CKD groups 
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consisted of 7,088 (96.5%), 239 (3.3%), and 14 (0.2%) patients, respectively (Table 1). The time 
interval from disease onset to final follow-up was 1-96 days. All patients in the DD-CKD group 
underwent maintenance hemodialysis. The CCI scores of the Non-CKD, ND-CKD, and DD-CKD 
groups were 1.2 ± 1.7, 5.4 ± 2.4, and 5.2 ± 2.2, respectively (P < 0.001). The mean age of patients 
in the Non-CKD, ND-CKD, and DD-CKD groups was 46.5 ± 18.9, 63.0 ± 14.8, and 59.6 ± 14.5 
years, respectively (P < 0.001). Patients in the ND-CKD and DD-CKD groups showed higher 
frequencies of comorbidities than those in the Non-CKD group.

Severe clinical outcomes in COVID-19 patients
The number of the patients who had severe clinical outcomes was 1,266 (17.9%) in Non-
CKD, 90 (37.7%) in ND-CKD, and 11 (78.6%) in DD-CKD groups, respectively (P < 0.001). 
Univariate logistic regression analyses showed that for severe clinical outcomes, the ND-
CKD group had an OR of 2.78 (95% CI, 2.12–3.63; P < 0.001) compared to the Non-CKD 
group. The DD-CKD group had ORs of 16.82 (95% CI, 5.26–74.62; P < 0.001) and 6.06 (95% 
CI, 1.84–27.36; P = 0.007) compared to the Non-CKD and ND-CKD groups, respectively. 
Multivariate analyses showed that the ND-CKD group had an OR of 0.88 (95% CI, 0.64–1.20; 
P = 0.422) compared to the Non-CKD group. The DD-CKD group had ORs of 7.32 (95% CI, 
2.14–33.90; P = 0.004) and 8.32 (95% CI, 2.37–39.21; P = 0.002) compared to the Non-CKD 
and ND-CKD groups, respectively.

The proportion of the patients who required the use of inotropics, conventional oxygen 
therapy, HFNC, MV, or ECMO, or were diagnosed with cardiac arrest or acute heart failure 
was greater in the DD-CKD group than in the other groups (Table 2). Multivariate logistic 
regression analyses showed that a higher proportion of patients in the DD-CKD group 
required the use of inotropics, conventional oxygen therapy, or MV than those in the other 
groups (Supplementary Table 1). Furthermore, a higher proportion of patients in the DD-
CKD group required ECMO than those in ND-CKD group. ND-CKD or DD-CKD was not 
independently associated with cardiac arrest, MI, and acute heart failure during follow-up.
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Table 1. Baseline characteristics of participants
Characteristics Total (n = 7,341) Non-CKD (n = 7,088) ND-CKD (n = 239) DD-CKD (n =14) P value
Sex, male 4,371 (59.5) 4,241 (59.8) 122 (51.0) 8 (57.1) 0.024
Age, yr 47.1 ± 19.0 46.5 ± 18.9 63.0 ± 14.8a 59.6 ± 14.5a < 0.001
Follow-up duration, day 20.8 ± 13.1 20.7 ± 13.0 24.5 ± 14.8a 22.7 ± 15.6a < 0.001
Myocardial infarction 97 (1.3) 78 (1.1) 19 (8.0) 0 < 0.001
Congestive heart failure 297 (4.0) 247 (3.5) 45 (18.8) 5 (35.7) < 0.001
Peripheral vascular disease 573 (7.8) 516 (7.3) 54 (22.6) 3 (21.4) < 0.001
Cerebrovascular disease 522 (7.1) 470 (6.6) 48 (20.1) 4 (28.6) < 0.001
Dementia 443 (6.0) 410 (5.8) 33 (13.8) 0 < 0.001
Chronic pulmonary disease 1,676 (22.8) 1,586 (22.4) 84 (35.2) 6 (42.9) < 0.001
Connective tissue disease 268 (3.7) 241 (3.4) 27 (11.3) 0 < 0.001
Peptic ulcer disease 1,102 (15.0) 1,041 (14.7) 58 (24.3) 3 (21.4) < 0.001
Mild liver disease 1,545 (21.0) 1,384 (19.53) 156 (65.3) 5 (35.7) < 0.001
Diabetes mellitus 1,230 (16.8) 1,033 (14.6) 190 (79.5) 7 (50) < 0.001
Hemiplegia 100 (1.4) 95 (1.3) 4 (1.7) 1 (7.1) 0.159
Any malignancy 359 (4.9) 330 (4.7) 28 (11.7) 1 (7.1) < 0.001
Moderate to severe liver disease 9 (0.1) 7 (0.1) 2 (0.8) 0 0.006
Metastatic tumor 33 (0.4) 29 (0.4) 4 (1.7) 0 0.016
Acquired immune deficiency syndrome 5 (0.1) 4 (0.1) 1 (0.4) 0 0.108
Hypertension 1,572 (21.4) 1,400 (19.8) 159 (66.5) 13 (92.9) < 0.001
Data are expressed as number (%) for categorical variables and mean ± standard deviation for continuous variables. The P values were assessed using one-way 
analysis of variance, followed by Bonferroni's post hoc test for continuous variables and Pearson χ2 test or Fisher exact test for categorical variables.
Non-CKD = non-chronic kidney disease, ND-CKD = non-dialysis-chronic kidney disease, DD-CKD = dialysis dependent chronic kidney disease.
aP < 0.05 vs. Non-CKD group.
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AKI developed in 24 (0.3%) and 3 (1.3%) patients in the Non-CKD and ND-CKD groups, 
respectively (P = 0.021). The number of patients who underwent CRRT was 24 in Non-CKD, 
3 in ND-CKD, and 3 in DD-CKD groups, respectively. All AKI patients in the Non-CKD and 
ND-CKD groups underwent CRRT, and 3 patients in the DD-CKD group were shifted to CRRT 
during follow-up. Multivariate logistic regression analyses revealed that old age, male sex, 
and high CCI score were associated with the development of AKI (Supplementary Table 2). 
The presence of CKD as an underlying comorbidity was not associated with the development 
of AKI during follow-up. Supplementary Table 3 shows that the development of AKI during 
follow-up was associated with a higher risk of use of inotropics, conventional oxygen therapy, 
HFNC, MV, or ECMO or the development of cardiac arrest or acute heart failure.

Patient survival
During follow-up, a total of 227 (3.1%) patients died. The number of deaths during follow-up 
in the Non-CKD, ND-CKD, and DD-CKD groups were 200 (2.8%), 23 (9.6%), and 4 (28.6%), 
respectively (P < 0.001). Kaplan-Meier curves showed that CKD was significantly associated 
with mortality in COVID-19 patients (P < 0.001 for Non-CKD vs. ND-CKD and P = 0.001 for 
ND-CKD vs. DD-CKD) (Fig. 1). Multivariate Cox regression analysis showed that the DD-CKD 
group had a higher mortality risk than the other groups (Table 3). However, the differences in 
the mortality risk between the Non-CKD and ND-CKD groups were not significant.

During follow-up, 200 (2.7%) and 23 (85.2%) patients without and with AKI died, respectively 
(P < 0.001). The 20-day survival rates of patients without and with AKI were 97.6% and 63.0%, 
respectively (Fig. 2), and the 40-day survival rates were 95.2% and 14.4%, respectively.
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Table 2. Clinical outcomes according to groups
Clinical outcomes Total (n = 7,341) Non-CKD (n = 7,088) ND-CKD (n = 239) DD-CKD (n = 14) P value
Acute kidney injury 27 (0.37) 24 (0.34) 3 (1.26) - 0.021
Inotropics use 187 (2.5) 170 (2.4) 12 (5.0) 5 (35.7) < 0.001
Conventional oxygen therapy 909 (12.4) 827 (1.6) 74 (31.0) 8 (57.1) < 0.001
High flow nasal cannula 182 (2.5) 165 (2.3) 13 (5.4) 4 (28.6) < 0.001
Mechanical ventilation 127 (1.7) 114 (1.6) 9 (3.8) 4 (28.6) < 0.001
ECMO 21 (0.3) 19 (0.3) 1 (0.4) 1 (7.1) < 0.001
Cardiac arrest 43 (0.6) 37 (0.5) 5 (2.1) 1 (7.1) < 0.001
Myocardial infarction 257 (3.5) 239 (3.4) 17 (7.1) 1 (7.1) 0.006
Acute heart failure 382 (5.2) 361 (5.1) 19 (8.0) 2 (14.3) 0.046
The data are expressed as the number (%).
ECMO = extracorporeal membrane oxygenation, Non-CKD = non-chronic kidney disease, ND-CKD = non-dialysis-chronic kidney disease, DD-CKD = dialysis 
dependent chronic kidney disease.

Table 3. Cox regression analysis of survival according to variables

Variables Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

Age per increase 1 yr 1.11 (1.10–1.12) < 0.001 1.10 (1.09–1.11) < 0.001
Sex, ref: male 0.61 (0.47–0.79) < 0.001 0.48 (0.37–0.63) < 0.001
CCI score 1.35 (1.30–1.39) < 0.001 1.15 (1.09–1.21) < 0.001
Hypertension 8.32 (6.21–11.16) < 0.001 1.37 (0.99–1.90) 0.057
CKD group

ND-CKD, ref: Non-CKD 2.87 (1.86–4.42) < 0.001 0.79 (0.49–1.26) 0.318
DD-CKD, ref: Non-CKD 9.38 (3.49–25.26) < 0.001 2.96 (1.09–8.06) 0.033
DD-CKD, ref: ND-CKD 3.27 (1.13–9.47) 0.029 3.77 (1.29–11.06) 0.016

Multivariate analysis was adjusted for age, sex, CCI score, hypertension, and CKD groups.
CCI = Charlson's comorbidity index, HR = hazard ratio, CI = confidence interval, Non-CKD = non-chronic kidney 
disease, ND-CKD = non-dialysis-chronic kidney disease, DD-CKD = dialysis dependent chronic kidney disease.
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We performed additional survival analyses involving patients not requiring maintenance 
dialysis. Cox regression analysis showed that the HRs for patients with AKI were 11.26 (95% 
CI, 7.26–17.45; P < 0.001) compared to those for patients without AKI in the multivariate 
analysis (Supplementary Table 4). Supplementary Fig. 1 shows a forest plot of the association 
between CKD or AKI and mortality according to subgroups in patients not requiring 
maintenance dialysis. The number of patients not requiring maintenance dialysis was 7,327 
and 223 deaths occurred in these patients. The number of patients aged ≤ 60 and > 60 years 
were 5,459 and 1,868, respectively; of these, 19 and 204 patients died, respectively. There 
were 2,964 male and 4,363 female patients; of these, 120 and 103 patients died, respectively. 
The number of patients with and without diabetes mellitus and those with and without 
hypertension was 1,223 and 6,104 and 1,559 and 5,768, respectively; of these, 115 and 108, 
and 161 and 62 patients died, respectively. Subgroup analyses for age (≤ 60 vs. > 60 years), 
sex, diabetes mellitus, and hypertension showed that the development of AKI during follow-
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Fig. 1. Kaplan-Meier survival curves of the CKD groups. Blue, red, and skyblue lines reveal survival graphs of the 
Non-CKD, ND-CKD, and DD-CKD groups, respectively. Circle reveals a censored point. The 20-day survival rates 
were 97.6%, 92.4%, and 84.6% for the Non-CKD, ND-CKD, and DD-CKD groups, respectively (P < 0.001). The 40-
day survival rates were 94.7%, 85.7%, and 56.4% for the CON, ND-CKD, and DD-CKD groups, respectively. 
CKD = chronic kidney disease, Non-CKD = non-chronic kidney disease, ND-CKD = non-dialysis-chronic kidney 
disease, DD-CKD = chronic kidney disease requiring dialysis.
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Fig. 2. Kaplan-Meier survival curves of the AKI groups. Blue and red lines reveal the survival graph of patients 
without and with AKI, respectively. Circle reveals a censored point. 
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up was associated with higher mortality, rather than the prevalent CKD as an underlying 
comorbidity (Supplementary Fig. 1).

DISCUSSION

Our population-based study showed that DD-CKD alone was associated with severe clinical 
outcomes and higher mortality. There was no significant difference in the frequency of severe 
clinical outcomes or mortality rate between the Non-CKD and ND-CKD groups. In patients 
not requiring maintenance dialysis, AKI was associated with old age, male sex, and high CCI 
score but not with the presence of CKD. AKI was associated with severe clinical outcomes 
and patient survival, rather than underlying CKD. For each outcome among the severe 
clinical outcomes, most variables showed similar trends.

A meta-analysis in a Chinese population showed a positive, although weak, association between 
CKD and the severity of COVID-19.7 Recent studies using a large sample size from USA or UK 
showed that the presence of CKD was significantly associated with adverse outcomes.9,13,14 
Although there has been no data regarding the association between these two variables, CKD 
patients are reported to exhibit immunity dysfunction, which may be associated with more 
severe lung injury.15 Advanced CKD might be associated with higher adverse outcomes than 
early-stage CKD. Dialysis patients may be prone to higher risk of adverse outcomes among CKD 
patients. Valeri et al.8 reported a mortality rate of 31% among 59 dialysis patients. A study on 36 
hemodialysis patients showed that the mortality rate was 30.5%.16

In our study, DD-CKD was associated with higher adverse outcomes than Non-CKD and 
ND-CKD, but there were no significant differences in the frequency of adverse outcomes 
between the Non-CKD and ND-CKD groups. The non-significant association between these 
two groups may be attributed to our definition of CKD. The estimated glomerular filtration 
rate (eGFR) < 60 mL/min/1.73 m2 is the widely accepted definition of CKD.17 Flythe et al.18 
compared the prognosis between non-dialysis CKD patients with eGFR < 60 mL/min/1.73 
m2, dialysis-dependent CKD patients, and patients with eGFR ≥ 60 mL/min/1.73 m2 and 
showed that patients with dialysis-dependent CKD had the poorest outcomes, where those 
with eGFR ≥ 60 mL/min/1.73 m2 had the best outcomes. Williamson et al.19 utilized a more 
detailed classification method and showed that non-dialysis CKD patients with eGFR < 30 
mL/min/1.73 m2 had poorer outcomes than those with eGFR 30–60 mL/min/1.73 m2. eGFR < 
60 mL/min/1.73 m2 is generally associated with an increased risk of CKD complications, and 
the prognosis of early-stage CKD patients with eGFR 60–90 mL/min/1.73 m2 may be similar 
to that of individuals with a normal renal function. In our study, CKD was defined using 
the ICD-10 codes, which include both early-stage and advanced CKD. Although we did not 
determine the accurate number of patients depending on their CKD stage, except for those 
with end-stage renal disease, a large proportion of patients in the ND-CKD group may be 
suffering from early-stage CKD. Non-association of clinical outcomes and survival between 
Non-CKD and ND-CKD groups in our study could be attributed to the inaccurate definition 
of ND-CKD. However, there were few studies on the prognosis of patients with eGFR 60–90 
mL/min/1.73 m2. Further studies with accurate CKD staging could help in identifying the 
difference in clinical outcomes among patients with varying severities of CKD.

In COVID-19 patients, AKI might develop via a direct cytopathic effect of renal cells or 
indirect effects caused by virus-induced immunological damages or cytokines.20-23 Su et 
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al.20 evaluated the postmortem renal pathology and showed evidences for virus infection in 
podocytes and tubular epithelial cells by immunostaining or electron microscopy. Previous 
studies have shown a positive association between AKI and poor prognosis of COVID-19 
patients.2,6,9,21-26 Lim et al.24 investigated the clinical outcomes according to the AKI stage 
and found that patients with severe AKI with serum creatinine levels ≥ 300% or those 
requiring dialysis had higher mortality than those without AKI or with mild AKI. Hirsch et 
al.22 evaluated 5,449 hospitalized patients and showed that 37% of the patients developed 
AKI. They also revealed that the mortality rate of AKI patients requiring dialysis was 55.1%, 
and the use of MV was greater in patients with AKI than in those without AKI. Recently, 
a meta-analysis of 10 studies showed that the incidence of AKI in deceased or surviving 
patients was 52% and 7%, respectively.27

The association between AKI and adverse outcomes of COVID-19 patients could be attributed 
to several factors. First, AKI could be caused by direct invasion of severe acute respiratory 
syndrome coronavirus 2 and it is assumed that AKI can be considered as an indicator of more 
severe systemic infection with the involvement of other organs beyond the lungs. Second, 
AKI could develop by indirect effects of shock, hypoxia, or inflammatory cytokines, which 
were closely associated with patient survival. Third, AKI is associated with abnormal volume 
status and uremic condition. These factors can lead to various adverse outcomes, such as 
pulmonary edema or uncontrolled infection.

Our study showed that AKI was more closely associated with adverse outcomes than CKD, 
even though DD-CKD had more severe adverse outcomes than Non-CKD or ND-CKD. Our 
results may be in line with those from Petrilli et al.'s13 prospective cohort study involving 
5,279 patients, which reported that underlying comorbidities were predictors of admission 
to hospital and, to a lesser extent, of the severity of disease. Impairment of oxygen or 
markers of inflammation on disease onset was more significantly associated with severity 
of disease or mortality than underlying comorbidities. In our study, DD-CKD alone was 
modestly associated with adverse outcome. Development of AKI during follow-up could 
be a direct/indirect indicator of the severity of COVID-19. AKI, per se, or as an indicator of 
disease severity, was strongly associated with adverse outcomes in COVID-19 patients in our 
study. In addition, the presence of CKD was not associated with the development of AKI in 
COVID-19 patients, which might be attributed to two factors. First, patients in the ND-CKD 
group might have, at most, early-stage CKD. Second, the severity of disease, per se, including 
systemic inflammation/infection, was more strongly associated with the development of AKI 
than the presence of CKD.

Diabetes mellitus is an important comorbidity associated with the prognosis of COVID-19 
patients. CCI includes the scores of patients with diabetes mellitus. The addition of diabetes 
mellitus as a covariate may be associated with a statistical error. However, our study 
included data from our subgroup analyses of patients with and without diabetes mellitus, 
and the data showed a similar trend with those obtained when analyzing the whole patient 
cohort. In addition, multivariate models of our data did not include some variables, such 
as the use of inotropics, MV, or ECMO. The use of inotropics, MV, or ECMO may be highly 
associated with the development of AKI or mortality, as shown in Supplementary Table 3 
(e.g., all patients with AKI used inotropics). In addition, we had a small number of patients 
in the DD-CKD group or those with AKI. Considering the small sample size of the DD-
CKD group or patients with AKI and the highly deviated distribution among variables, the 
addition of these variables to the multivariate models may lead to biased results or influence 
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the statistical significance of other variables. Therefore, we decided to exclude these 
variables from the multivariate model.

Our study had several limitations. First, we used health insurance claims with Electronic 
Data Interchange or ICD codes from HIRA. Therefore, our study did not include laboratory 
or clinical data. The dataset had a possibility of overcoding or undercoding, which might lead 
to discrepancies between the relevant code and the actual condition. In our study, AKI was 
defined as a requirement of dialysis due to the absence of data on serum creatinine levels or 
urine output. We did not evaluate the grade of AKI, and the AKI cases in our study included 
only severe AKI cases requiring dialysis. In addition, CKD was defined using the ICD codes, 
and we did not identify the CKD stage. Less extent of advanced CKD might be responsible for 
non-association with clinical outcomes between Non-CKD and ND-CKD groups. The AKI/
CKD stage using laboratory or clinical findings could be helpful in identifying its association 
with clinical outcomes according to the AKI/CKD stages. Second, the follow-up period was 
relatively short, and the dataset did not include data of patients who did not claim for health 
insurance despite changes in the intervention and/or death. Therefore, we suggest that multi-
center or registry studies with a larger sample population using more accurate laboratory or 
clinical data, such as serum creatinine levels, must be conducted.

In conclusion, CKD requiring maintenance dialysis is associated with adverse outcomes and 
mortality in COVID-19 patients; however, the development of AKI is more strongly associated 
with adverse outcomes and mortality.
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Cox regression analysis of survival according to variables in patients without maintenance 
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Supplementary Fig. 1
Forest plots of the association between CKD or AKI and mortality in patients without 
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