Tanaka et al. BMC Infectious Diseases (2024) 24:527 BMC Infectious Diseases
https://doi.org/10.1186/512879-024-09414-w

Check for
updates

Prognostic significance of chronic kidney
disease and impaired renal function
in Japanese patients with COVID-19

Hiromu Tanaka', Shotaro Chubachi'™, Takanori Asakura'*™, Ho Namkoong?, Shuhei Azekawa', Shiro Otake',
Kensuke Nakagawara', Takahiro Fukushima', Ho Lee', Mayuko Watase', Kaori Sakurai', Tatsuya Kusumoto',
Katsunori Masaki', Hirofumi Kamata', Makoto Ishii', Naoki Hasegawa®, Yukinori Okada®’#, Ryuji Koike®,

Yuko Kitagawa'®, Akinori Kimura'", Seiya Imoto'?, Satoru Miyano', Seishi Ogawa'?, Takanori Kanai'® and
Koichi Fukunaga'

Abstract

Background Renal impairment is a predictor of coronavirus disease (COVID-19) severity. No studies have compared
COVID-19 outcomes in patients with chronic kidney disease (CKD) and patients with impaired renal function without
a prior diagnosis of CKD. This study aimed to identify the impact of pre-existing impaired renal function without CKD
on COVID-19 outcomes.

Methods This retrospective study included 3,637 patients with COVID-19 classified into three groups by CKD history
and estimated glomerular filtration rate (eGFR) on referral: Group 1 (n=2,460), normal renal function without a CKD
history; Group 2 (n=905), impaired renal function without a CKD history; and Group 3 (n=272), history of CKD. We
compared the clinical characteristics of these groups and assessed the effect of CKD and impaired renal function on
critical outcomes (requirement for respiratory support with high-flow oxygen devices, invasive mechanical ventilation,
or extracorporeal membrane oxygen, and death during hospitalization) using multivariable logistic regression.

Results The prevalence of comorbidities (hypertension, diabetes, and cardiovascular disease) and incidence

of inflammatory responses (white blood counts, and C-reactive protein, procalcitonin, and D-dimer levels) and
complications (bacterial infection and heart failure) were higher in Groups 2 and 3 than that in Group 1. The incidence
of critical outcomes was 10.8%, 17.7%, and 26.8% in Groups 1, 2, and 3, respectively. The mortality rate and the rate

of requiring IMV support was lowest in Group 1 and highest in Group 3. Compared with Group 1, the risk of critical
outcomes was higher in Group 2 (adjusted odds ratio [aOR]: 1.32, 95% confidence interval [CI]: 1.03-1.70, P=0.030)
and Group 3 (@OR: 1.94, 95% Cl: 1.36-2.78, P<0.001). Additionally, the eGFR was significantly associated with critical
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outcomes in Groups 2 (odds ratio [OR]: 2.89, 95% Cl: 1.64-4.98, P<0.001) and 3 (OR: 1.87, 95% Cl: 1.08-3.23, P=0.025)

only.

Conclusions Clinicians should consider pre-existing CKD and impaired renal function at the time of COVID-19

diagnosis for the management of COVID-19.

Keywords Renal insufficiency, COVID-19, Japanese population, Estimated glomerular filtration rate

Background

The coronavirus disease (COVID-19) pandemic has
caused several epidemic waves and resulted in a shortage
of hospital beds and strain on the medical care system in
Japan, especially in metropolitan areas. Thus, effective
strategies are urgently needed for predicting and pre-
venting severe COVID-19.

Various patient characteristics and laboratory find-
ings are associated with COVID-19 severity [1-5]. Renal
impairment, including chronic kidney disease (CKD)
and acute kidney injury (AKI), is a known predictor of
COVID-19 severity [1, 6]. A systematic review found that
COVID-19 mortality is higher among patients with CKD,
and that mortality was proportional to CKD severity [7].
In Japan, the COVID-19 mortality rate is higher among
patients undergoing dialysis than that in the general
population [8]. CKD is a risk factor for AKI in patients
with COVID-19, and COVID-19 mortality is higher in
patients with AKI [9]. A small study in Japan found that
renal function and urinary findings during hospitaliza-
tion were associated with COVID-19 severity [10]. How-
ever, a reliable clinical diagnosis of CKD is often difficult,
requiring laboratory data prior to COVID-19. Therefore,
although many studies have defined CKD based on the
renal function at the time of COVID-19 diagnosis, to
our knowledge, none have assessed the impact of pre-
existing CKD, or impaired renal function without pre-
existing CKD, on the clinical outcomes in patients with
COVID-19.

This study assessed the impact of a history of CKD or
poor renal function on referral on the critical outcomes
of Japanese patients with COVID-19.

Methods

Study design and setting

This retrospective cohort study used data collected by
the Japan COVID-19 Task Force [11], a nationwide mul-
ticenter consortium [12]. All patients provided written or
oral informed consent, and the study was approved by the
ethics committee of the Keio University School of Medi-
cine (20,200,061) and related research institutions. A flow
chart of the study design is shown in Additional file Fig.
S1. From February 2020 to August 2022, 4,171 patients
with COVID-19 confirmed using SARS-CoV-2 poly-
merase chain reaction or antigen tests were recruited, of
whom 534 were excluded due to the following exclusion

criteria: non-Japanese (n=110); incomplete renal func-
tion data (n=68); oxygen requirement at referral (n=13);
or no data for evaluating history of CKD (n=135). Addi-
tionally, we excluded 208 patients who required high-
flow oxygen devices, invasive mechanical ventilation
(IMV), or extracorporeal membrane oxygenation support
at referral, leaving 3,637 patients in the analysis.

Data collection and definitions

The data were collected on age, sex, body mass index
(BMI), smoking history, medical history (including
hypertension, diabetes mellitus, cardiovascular dis-
ease, and CKD), symptoms and signs, laboratory data,
radiographic imaging findings, oxygen support at refer-
ral, complications after referral noted by the physician
in charge (including bacterial infection, heart failure,
thromboembolism, and AKI), and clinical outcome.
The physician in charge interviewed patients about
their medical history, including CKD history, to identify
patients with a history of CKD. The symptoms and signs
included those reported at referral and those observed
during hospitalization. Laboratory data, including serum
creatinine concentrations, were collected within 48 h of
referral. Rapid spread of shadow on chest radiography
was defined as enlargement to more than 50% of the
entire lung field within 48 h of referral. The kidney func-
tion at baseline was determined based on the estimated
glomerular filtration rate (eGFR), calculated using age,
sex, and serum creatinine concentration collected within
48 h of referral, as previously defined for the Japanese
population [13]. An AKI complication was defined as a
worsening of renal function and other complications,
based on the judgement of the physician in charge. The
critical outcome was defined as requiring respiratory
support with high-flow oxygen devices, IMV, or extracor-
poreal membrane oxygenation, or death during hospital-
ization, as previously described [3, 5].

We classified the patients into three groups based on
their history of CKD and eGFR on referral as follows:
Group 1 (n=2,460), normal renal function (eGFR>60
mL/min/1.73 m?) without CKD; Group 2 (1#=905),
impaired renal function (eGFR<60 mL/min/1.73 m?)
without CKD; Group 3 (n=272), CKD history. Labora-
tory data prior to referral were not available and the his-
tory of CKD relied on the patient report.
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Statistical analysis

Continuous variables were compared using independent
sample t-tests, and categorical variables were compared
using chi-square tests. A multivariable logistic regres-
sion adjusted for age </> 65 years; sex; BMI </> 25 kg/m?;
smoking history; and medical history of hypertension,
diabetes mellitus, or cardiovascular disease was used
to evaluate the relationship between each group and a
critical outcome [2, 3, 14, 15]. Two-tailed P-values<0.05
were considered statistically significant. For comparisons
among Groups 1, 2, and 3, we used a Bonferroni-adjusted
significance level of P<0.0167 (0.05/3). All statistical
analyses were conducted using JMP 16 (SAS Institute
Japan Ltd., Tokyo, Japan). Visualization was performed
using GraphPad Prism version 8.0 (GraphPad Software,
San Diego, CA, USA) and the R Bioconductor package
ggalluvial.

Results

Clinical characteristics

Additional file Fig. S2 shows the distribution of eGFR
for the 3,637 patients. The median (interquartile range)
for each group was as follows: Group 1, 78.2 (69.4—90.7)
mL/min/1.73 m?; Group 2, 51.1 (43.2-55.9) mL/min/1.73
m?% Group 3, 29.4 (8.3-43.5) mL/min/1.73 m? Based
on the previously defined grades for CKD [16], Group
3 included 137 patients (50.4%) with CKD grades 4-5
(eGFR<30 mL/min/1.73 m?), 31 (11.4%) patients under-
going dialysis, and five (1.8%) kidney transplant recipi-
ents. Table 1 shows the clinical characteristics of each
group. Patients in Groups 2 and 3 were older and had a
higher prevalence of comorbidities, including hyperten-
sion, diabetes, and cardiovascular disease, than those in
Group (1) Patients in Group 3 were older, more likely to
be male, and had a higher prevalence of comorbidities
than those in Group (2) There were no significant differ-
ences in systemic symptoms, such as fever and fatigue,
among the three groups. However, the incidence of upper
respiratory tract symptoms, such as dysgeusia and dys-
osmia, was lower, and the incidence of lower respiratory
tract symptoms, such as cough and shortness of breath,
was higher in Groups 2 and 3 than in Group 1.

Laboratory test results and imaging findings

Table 1 also shows a comparison of the laboratory results,
imaging findings, and treatment among the three groups.
Compared with patients in Group 1, those in Groups
2 and 3 had greater inflammatory responses (includ-
ing higher white blood counts, C-reactive protein, pro-
calcitonin, and D-dimer levels), decreased lymphocyte
counts, and decreased albumin levels. Additionally, the
patients in Group 3 had higher uric acid levels, lower
lymphocyte counts, and lower albumin levels than those
in Group 2. Patients in Group 2 had a higher incidence
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of bilateral ground glass opacities, consolidation, and
rapid shadow spread on chest radiographs and com-
puted tomography than those in Group 1, and patients in
Group 3 had a higher incidence of rapid shadow spread
than those in Group 1.

Complications during hospitalization
Figure 1 and Additional file Fig. S3 show a compari-
son of complications of COVID-19 according to group.
The incidence of bacterial infection and heart failure
was higher in Groups 2 and 3 than in Group 1, and the
incidence of heart failure was higher in Group 3 than in
Group 2 (Additional file Fig. S3a, b). The incidence of
thromboembolism was higher in Group 2 than in Group
1 (Additional file Fig. S3c). The incidence of AKI was
higher in Groups 2 and 3 than in Group 1 (Fig. 1a).
Additional file Table S1 shows a comparison of clini-
cal characteristics between patients with and without
AKI. Patients in the AKI group were older, were more
likely to be male, had higher BMI, were more likely to
have a history of smoking, and were more likely to have
a medical history of risk factors for renal impairment,
including hypertension, diabetes mellitus, cardiovascular
disease, and hyperuricemia, than those in the non-AKI
group. The AKI group had a higher incidence of critical
outcomes and higher rates of intensive care unit (ICU)
admission, IMV support, and mortality than the non-
AKI group.

Clinical outcomes

The incidence of critical outcomes was 10.8% (266/2460)
in Group 1, 17.7% (160/905) in Group 2, and 26.8%
(73/272) in Group 3 (Fig. 2a). The mortality rate and the
rate of requiring IMV support was lowest in Group 1 and
highest in Group 3 (Fig. 1b, c). The rate of ICU admission
was higher in Group 3 than in Groups 1 and 2 (Fig. 1d).
A higher proportion of patients in Groups 2 and 3 than
in Group 1 who were not on oxygen on referral required
oxygen support during hospitalization (Fig. 2b). The inci-
dence of needing IMV support, and the mortality rate,
were highest in Group 3. Thirty-one (11.4%) patients
on dialysis and five (1.8%) kidney transplant recipients
were included in Group 3 (Table 1), and the stratification
of these patient results did not reveal outcome differ-
ences in Group 3 (Additional file Fig. S4). Multivariable
analysis, adjusted for previously reported risk factors,
revealed that Groups 2 and 3 had an increased risk of
critical outcomes compared with Group 1 (Group 2,
adjusted odds ratio [aOR]: 1.32, 95% confidence interval
[CI]: 1.03-1.70, P=0.030; Group 3, aOR: 1.94, 95% CL:
1.36-2.78, P<0.001), and the risk of critical outcomes
was higher in Group 3 compared with Group 2 (aOR:
1.47, 95% CI: 1.02-2.11, P=0.038) (Fig. 2c). Group 3 also
had an increased risk of requiring IMV (aOR: 1.68, 95%
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Table 1 Comparison of clinical characteristics among the three patient groups according to renal function status

Parameters Normal All (n=3,637) Group 1(n=2,460) Group 2 (n=905) Group 3(n=272) P
ranges All patients History of CKD (-) History of CKD ()  History of CKD (+) value
Impaired renal func- Impaired renal func-
tion (-) tion (+)
Age [years] 58 (45-72) 52 (40-66) 69 (57-78)"" 71 (59-79)" <0.001
Sex, male 2415 (66.4) 1604 (65.2) 606 (67.0) 205 (75.4)" 0.003
BMI [kg/m?] 239(214-270)  238(213-27.0) 240 (21.8-26.8) 242 (215--27.3) 0.998
Smoking history 0.027
Never 1784 (52.6) 1243 (54.1) 420 (49.8) 121 (47.8)
Previously or currently 1609 (47.4) 1053 (45.9) 424 (50.2) 132(52.2)
Medical history
Hypertension 1267 (35.1) 586 (24.0) 485 (53.8)" 196 (72.9)" " ### <0.001
Diabetes mellitus 746 (20.7) 391 (16.0) 224 (25.1)" 131 (48.5)""### <0001
Cardiovascular disease 413(114) 158 (6.5) 149 (16.6)"" 106 (39.0)### <0.001
Malignancy 300 (8.3) 176 (7.2) 88(9.8)" 36 (13.5)" <0.001
Autoimmune disease 189 (5.2) 118 (4.8) 42(4.7) 29 (10. 8)*** A <0.001
COPD 172 (4.8) 93 (3.8) 55(6.2)" 4(9.0)" <0.001
Asthma 253 (7.1) 184 (7.6) 56 (6.3) 13 (4 9) 0.137
Hyperuricemia 359 (10.0) 138(5.7) 141 (15.8)"" 80 (29.6)" <0.001
Chronic liver disease 166 (4.6) 105 (4.3) 38(42) 3(8.5) 0.006
Dialysis 31(0.9) 0(0.0) 0(0.0) 1(11.4)""# <0001
Kidney transplant 5(0.1) 0(0.0) 0(0.0) 5(1.8) <0.001
Immunosuppressive therapy? 177 (4.9) 105 (4.3) 37 (4.1) 35 (13.0)" " <0.001
Symptoms
Fever (=375°C) 2932 (81.3) 1983 (81.3) 741 (82.6) 208 (77.0) 0.120
Cough 2296 (63.9) 1592 (65.4) 553 (62.1) 151 (56.3)" 0.006
Sputum 110 (30.6) 743 (30.6) 292 (329) 5(28.2) 0.279
Sore throat 967 (27.1) 690 (28.6) 213(23.9)" (24 1) 0013
Rhinorrhea 7(14.5) 373 (15.5) 110(124) 34(12.8) 0.063
Dysgeusia 628 (17.6) 485 (20.0) 125(14.1) 8(6.7) <0.001
Dysosmia 527 (14.7) 426 (17.6) 85(96)" 6(6.0)"" <0001
Shortness of breath 1329 (37.4) 866 (36.0) 365 (41.2)" 98 (37.3) 0.023
Fatigue 1966 (54.9) 1300 (53.6) 515 (57.8) 151 (56.6) 0.086
Laboratory data
WBC count [/uL] 3300-8600 5100 (4000-6700) 4980 (3900-6500) 5470 (4100-7000)"" 5440 (4230-7280)"" <0.001
Neutrophil [/uL] 1800-7500 3530 (2560-5050) 3380 (2460-4860) 3890 (2760-5390)"" 3940 (2940-5610)"" <0.001
Lymphocyte [/uL] 1000-4800 960 (680-1320) 1000 (710-1370) 900 (660-1250)"" 800 (590-1180)* <0001
Albumin [g/dL] 4.1-5.1 38(3.3-4.2) 3.9 (34-4.2) 36(33-40)" 34(2.9-38) <0.001
LDH [u/L] 124-222 248 (194-346) 236 (186-336) 274 (216-382)"" 258 (204-329) <0001
UA [mg/dL] 3.7-70 47 (3.7-5.9) 44 (35-55) 54 (4.3-6.5)" 6.1 (4.9-7.3)" " <0.001
HbA1c [%) 49-59 6.0 (5.6-6.5) 59 (5.6-6.4) 6.1(58-68)" 6.1(57-7.1)" <0.001
Ferritin [ng/mL] 42-326 376 (174-732) 366 (163-722) 433 (223-821)"" 315 (125-597)* <0001
KL-6 [U/mL] <500 241 (180-350) 226 (172-328) 281 (198-408)"" 286 (211-427)"" <0.001
PCT [ng/mL] <004 007 (0.04-0.13)  0.05 (0.03-0.09) 0.10 (0.06-0.1 9)“* 0.25(0.08-065)"" <0001
CRP [mg/dL] <014 317(079-772) 253 (0.56-6.84) 491 (1.89-945)"" 3.95(1.10-935""  <0.001
D-dimer [ug/mL] <0.90 91(0.51-140)  0.80 (0.50-1.30) 1.00 (0.60-1.70)" 130 (0.80-2.38)""  <0.001
eGFR [ml/min/1.73 m?] 699 (553-840) 782 (69.4-90.7) 51.1 (43.2-55.9)" 294 (83-43.5)""** <0001
Chest X-ray
GGO [bilateral/unilateral] 1875 (53.6)/402 1190 (50.7)/285 (12.1) 539 (60.7)/89 (10.0)"" 146 (55.5)/28 (10.7)  <0.001
(115)
Consolidation [bilateral/unilateral] 757 (21.8)/334 485(20.9)/206 (89) 209 (23.8)/99(11.3)" 63 (24.0)/29 (11.0) 0.031
(96)
Rapid spread of the shadow 337(104) 199 (9.1) 103 (126)" 35 (14.1)" 0.002

Chest CT
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Parameters Normal All (n=3,637) Group 1(n=2,460) Group 2 (n=905) Group 3 (n=272) P
ranges All patients History of CKD (-) History of CKD (-) History of CKD (+) value
Impaired renal func- Impaired renal func-
tion (-) tion (+)
GGO [bilateral/unilateral] 2326 (70.1)/320 1500 (67.7)/221 (10.0) 648 (764)/71 (84)"  178(69.5)/28 (10.9)  <0.001
(9.6)
Consolidation [bilateral/unilateral] 1093 (33.4)/270  719(32.9)/174(80) 291 (34.8)/70 (8.4) 83 (32.8)/26 (10.3) 0.601
(83)
Treatment
Remdesivir 1414 (39.3) 897 (36.8) 427 477)" 90 (33.7)*# <0.001
Molnupiravir 29 (6.0) 15(5.3) 7(5.) 7(11.5) 0.160
Corticosteroid 1838 (50.8) 1099 (44.9) 579 (64.1)"" 160 (59.3)" <0.001
Tocilizumab 377 (10.5) 211 (8.6) 126 (14.1) 40 (1497 <0.001
Baricitinib 252 (6.9) 165 (6.7) 80 (8.8) 7 (2.6)" 0.001

The data are presented as N (%) or median (interquartile range). The P value was calculated when comparing among the three groups

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; CT, computed tomography;
eGFR, estimated glomerular filtration rate; GGO, ground glass opacity; HbA1c, hemoglobin alc; KL-6, Krebs von den Lungen-6; LDH, lactate dehydrogenase; PCT,

procalcitonin; UA, uric acid; WBC, white blood cell
* P<0.0167, ** P<0.01, *** P<0.001: significant compared with Group 1
#p<0.0167, #P<0.01, #¥P<0.001: significant compared with Group 2

a) Immunosuppressive therapy included corticosteroids (any dose), immunosuppressants, and biological agents
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Fig. 1 Acute kidney injury incidence and clinical outcomes in COVID-19 according to patient renal function status. (a) acute kidney injury; (b) mortality;
(c) IMV requirement; (d) ICU admission. Statistical analysis used the chi-square test followed by Bonferroni adjustment. **P<0.01, ***P<0.001. Group 1
(n=2,460), normal renal function on referral without a history of CKD; Group 2 (n=905), impaired renal function on referral without a history of CKD; and
Group 3 (n=272), CKD history. CKD, chronic kidney disease; COVID-19, coronavirus disease; ICU, intensive care unit; IMV, invasive mechanical ventilation

CL 1.09-2.59, P=0.019) and death (aOR: 3.86, 95% CIL
1.97-7.56, P<0.001) (Additional file Fig. S5). An analy-
sis of the critical outcomes by group stratified by the
times of epidemic waves showed similar results (Fig. 3),
and univariate analysis also showed an increased risk
of critical outcomes in Groups 2 and 3 compared with
Group 1 (Additional file Table S2). Additional file Table
S3 shows the comparisons of the critical outcomes based
on the treatment for COVID-19 among the three groups
according to renal function status. Regarding antiviral

drugs, use of remdesivir was higher in Group 2, and the
rate of requiring IMV support was higher in Group 3.
Regarding treatment with immunosuppressants, Group
3 exhibited significantly poorer outcomes to corticoste-
roids and tocilizumab whereas Group 2 demonstrated
outcomes comparable to those of Group 1.

The results of the univariate analyses for associa-
tions between eGFR, patient characteristics, and criti-
cal COVID-19 outcomes are shown in Table 2. In Group
1, older age, male sex, higher BMI, history of smoking,
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Fig. 2 Incidence of critical outcomes of COVID-19 according to renal function status. (a) Incidence of critical outcomes by group. (b) Requirement for
oxygen support on referral and at the worst point during COVID-19, and survival status. (c) Multivariable logistic regression analysis of the relationship
between critical COVID-19 outcomes and renal function status, adjusted for age (</= 65 years); sex; BMI (</= 25 kg/m?); smoking history; and medical
history of hypertension, diabetes mellitus, and cardiovascular disease. aOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; IMV, invasive

mechanical ventilation

hypertension, diabetes, and AKI were significant pre-
dictors of critical outcomes. In Group 2, male sex (OR:
1.54, 95% CI: 1.05-2.26, P=0.029), AKI (OR: 2.09, 95%
CL 1.46-2.98, P<0.001), and eGFR<30 mL/min/1.73
m? (OR: 2.89, 95% CI: 1.64—4.98, P<0.001) were signifi-
cant predictors of critical outcomes. In Group 3, only
eGFR<30 mL/min/1.73 m* (OR: 1.87, 95% CI: 1.08-3.23,
P=0.025) was a significant predictor of critical outcomes.

Discussion

To our knowledge, this is the first study to compare
COVID-19 severity and outcomes in patients with pre-
viously diagnosed CKD and those with impaired renal
function without a CKD history. The analysis revealed
that patients with impaired renal function on referral
had a higher risk of critical outcomes and complications,
even if they did not have a history of CKD. Furthermore,
patients with a history of CKD had a higher incidence
of critical outcomes than those with renal dysfunction
but no history of CKD on referral. There is a lack of evi-
dence on the effectiveness of treatment in patients with
impaired renal function, making them an important tar-
get group for new therapeutic interventions.

The study is the largest study of Japanese patients with
COVID-19 and impaired renal function reported to date
and provides data regarding the status of CKD, renal
function, and AKI in patients with COVID-19 in Japan.

The prevalence of CKD and the incidence of AKI were
7.5% and 17.9%, respectively, which are similar to those
reported in other countries [7, 17, 18].

In this study, patients with a history of CKD on refer-
ral had the highest number of critical outcomes among
the three groups. Previous studies have reported poor
COVID-19 outcomes, including increased mortality,
in patients with pre-existing CKD [7, 19]. Ethnic differ-
ences in the clinical characteristics of COVID-19 [1,
20] and the incidence of CKD have been reported [21].
These results show that a history of CKD is an important
predictor of poor outcomes in Japanese patients with
COVID-19. Of the patients with CKD in our study, those
who had an eGFR<30 mL/min/1.73 m* had a higher risk
of critical outcomes than those with an eGFR of 30-60
mL/min/1.73 m?% This result is consistent with those of
studies from other countries [1, 22—24]. Patients on dial-
ysis have a higher risk of severe disease than patients with
CKD who are not on dialysis [25], and continuous renal
replacement therapy (CRRT) has been reported to be
associated with COVID-19 severity [26], the small num-
ber of patients who received CRRT in this study makes it
difficult to draw conclusions.

In this study, impaired renal function on referral, with-
out a CKD history, was a risk factor for critical COVID-
19 outcomes, although the risk was lower than that in
patients with a history of CKD. In addition, the group
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Fig. 3 Comparison of the rates of critical outcomes among the patient groups

according to the renal function status in each epidemic wave in Japan. (a)

number of newly diagnosed COVID-19 patients and epidemic waves since January 2020 in Japan. (b) Comparison of the rates of critical outcomes in each

epidemic wave. 1st wave, 2020/6/14-2020/10/9; 3rd wave, 2020-10/10-2021/

2/28; 4th wave, Alpha variant-dominated wave, 2021/3/1-2021/6/20; 5th

wave, Delta variant-dominated wave, 2021/6/21-2021/12/16; 6th and 7th wave, Omicron variant-dominated wave, 2021/12/17-2022/8/31. The P value

ok

was calculated when comparing among the three groups. P<0.05,

with impaired renal function on referral, without a his-
tory of CKD, showed better response of anti-COVID-19
treatment than the group with CKD. Few reports have
discussed the relationship between renal function on
referral and poor outcomes, regardless of CKD his-
tory [19], and to our knowledge, no previous studies

P<0.001

have compared COVID-19 outcomes in patients with
impaired renal function with and without a history of
CKD. Patients with impaired renal function on refer-
ral are likely to include both patients with undiagnosed
CKD and those without CKD but with an AKI caused
by COVID-19. Although we were unable to distinguish
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Table 2 Univariate logistic regression analysis of critical outcomes in each patient group
Variables Group 1 Group 2 Group 3

OR (95% ClI) P-value OR (95% ClI) P-value OR (95% ClI) P-value
eGFR < 30 [mL/min/1.73 m? 2.89 (1.64-4.98) <0.001 1.87(1.08-3.23) 0.025
AKI during the COVID-19 course 3.17 (1.91-5.26) <0.001 2.09 (1.46-2.98) <0.001 1.53 (0.87-2.68) 0.141
Age =65 [years] 2.02 (1.55-2.62) <0.001 1.02 (0.72-1.45) 0.892 1.56 (0.87-2.80) 0.132
Sex, male 1.71(1.27-2.28) <0.001 1.54 (1.05-2.26) 0.029 1.11 (0.59-2.08) 0.755
BMI > 25 [kg/mz] 143 (1.10-1.85) 0.008 1.12 (0.78-1.60) 0.540 0.72 (0.40-1.28) 0.258
Smoking history 141 (1.08-1.83) 0.012 0.89 (0.62-1.28) 0.539 1.04 (0.60-1.82) 0.882
Hypertension 211 (1.61-2.77) <0.001 0.95 (0.68-1.34) 0.781 1.05(0.57-1.94) 0.867
Diabetes mellitus 2.52(1.89-3.37) <0.001 1.05 (0.71-1.55) 03815 1.59 (0.92-2.73) 0.096
Cardiovascular disease 1.21(0.74-1.97) 0.449 0.88 (0.54-1.41) 0.585 1.32(0.76-2.27) 0.320

Group 1: normal renal function (€GFR>60 mL/min/1.73 m?) without CKD; Group 2: impaired renal function (eGFR<60 mL/min/1.73 m?) without CKD; Group 3: CKD
history. Abbreviations: AKI, acute kidney injury; BMI, body mass index; Cl, confidence interval; CKD, chronic kidney disease; COVID-19, coronavirus disease 2019;

eGFR, estimated glomerular filtration rate; OR, odds ratio

between the two in this study, the results suggest that the
degree of renal impairment on referral may be an impor-
tant biomarker for predicting poor outcomes.

Patients in Groups 2 and 3 in this study were older,
more likely to be male, and had a higher prevalence of
diabetes and other systemic comorbidities than those
in Group 1. Many previous studies have reported that
age; sex; and comorbidities, such as diabetes, hyper-
uricemia, and hypertension are associated with more
severe COVID-19 [3, 4, 27, 28]. These characteristics
may explain the higher incidence of critical outcomes
in Groups 2 and 3. Patients in Groups 2 and 3 also had
more pronounced inflammatory responses and lower
lymphocyte counts than those in Group 1, consistent
with previous reports that CKD is characterized by
hyperinflammation and low lymphocyte counts [29, 30].
The finding that Groups 2 and 3 had a lower incidence of
upper respiratory tract symptoms and higher incidence
of lower respiratory tract symptoms, radiographic and
computed tomographic shadows, and rapid deteriora-
tion, which are all poor prognostic factors, is also con-
sistent with previous studies [5]. Among patients with
severe or critical illness in Groups 2 and 3, 86.8% were
treated with systemic corticosteroids, and 56.8% were
treated with remdesivir. Patients with severe renal dys-
function (stage 4 severe CKD or requiring dialysis) were
excluded from the clinical trial for remdesivir [31], and
its safety in patients with CKD has not been established.
Additional studies are therefore required to address the
safety and effectiveness of antiviral drugs in patients with
COVID-19 and renal failure.

In this study, patients with AKI had poorer clinical out-
comes, consistent with previous findings [6, 9]. COVID-
19 can cause AKI via direct viral tubular and glomerular
damage, the effects of cytokine storms, hemodynamic
effects, and drug side effects [32]. Notably, in this study,
not only patients with a history of CKD but also patients
with impaired renal function, on referral, without a CKD
history, had an increased risk of developing AKI.

This study has some limitations. First, laboratory data
prior to the COVID-19 diagnosis were unavailable, so we
were not able to define CKD based on the Kidney Disease
Improving Global Outcomes (KDIGO) guideline. The
lack of previous laboratory data related to CKD is a major
limitation. In this study, baseline renal function was cal-
culated from laboratory data within 48 h of referral with-
out renal imaging, and the history of CKD was based on
patient interviews. Patients with impaired renal function
on referral are likely to have included both patients with
undiagnosed CKD and patients without CKD but with
AKI caused by COVID-19. This could have introduced
bias into the results. Although it was not possible to dif-
ferentiate between these two groups due to the study
design, we were able to define a group of patients with
impaired renal function and no history of CKD on refer-
ral, thus identifying a new population of interest. Second,
the absence of information on urinary findings may have
resulted in an underestimation of the prevalence of CKD
and an inability to detect mild renal dysfunction not
manifesting as AKI. Because urinary findings and longi-
tudinal laboratory data were not available, the diagnosis
of AKI complications was defined by physician judgment
based on the KDIGO guideline. In Japan, patients with
COVID-19 were referred to hospitals with available beds
according to government policy, rather than to their reg-
ular healthcare providers. Therefore, conducting follow-
up assessments at the same hospital after discharge was
often impractical, making it difficult to obtain pre- and
post-discharge data. Further studies that include the lab-
oratory findings during the disease course are needed.
Third, this study did not assess the SARS-CoV-2 variant
or collect complete information on patient vaccination
status. However, we have already confirmed the strati-
fied analysis based on the epidemic waves in Japan as
reported [33, 34], and an analysis stratified by these epi-
demic waves corresponded to the viral variants in this
study, confirming the robustness of the results. Future
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studies should consider stratifying the analysis according
to the epidemics wave or viral variants.

Conclusions

Patients without a CKD history but with impaired renal
function on referral had poor clinical outcomes, and a
CKD history further increased the risk. Clinicians should
consider the presence of CKD and renal function at the
time of COVID-19 diagnosis in the care and manage-
ment of patients with COVID-19.
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