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Coronavirus disease 2019 (COVID-19) affects both life and health. However, the differentiation

from other types of pneumonia and effect of kidney disease remains uncertain. This retrospective
observational study investigated the risk of in-hospital death and functional decline in 220% of
Barthel Index scores after COVID-19 compared to other forms of pneumonia among Japanese adults,
both with and without end-stage kidney disease (ESKD). The study enrolled 123,378 patients aged
18 years and older from a national inpatient administrative claims database in Japan that covers the
first three waves of the COVID-19 pandemic in 2020. After a 1:1:1:1 propensity score matching into
non-COVID-19/non-dialysis, COVID-19/non-dialysis, non-COVID-19/dialysis, and COVID-19/dialysis
groups, 2136 adults were included in the analyses. The multivariable logistic regression analyses
revealed greater odds ratios (ORs) of death [5.92 (95% Cl 3.62-9.96)] and functional decline [1.93
(95% Cl1 1.26-2.99)] only in the COVID-19/dialysis group versus the non-COVID-19/non-dialysis group.
The COVID-19/dialysis group had a higher risk of death directly due to pneumonia (OR 6.02, 95%

Cl 3.50-10.8) or death due to other diseases (OR 3.00, 95% Cl 1.11-8.48; versus the non-COVID-19/
non-dialysis group). COVID-19 displayed a greater impact on physical function than other types of
pneumonia particularly in ESKD.

Coronavirus disease 2019 (COVID-19) is a highly infectious respiratory disease caused by the severe acute
respiratory syndrome coronavirus 2. It affects the respiratory and psychological performance of patients?. The
emergence and pandemic of COVID-19 have substantially altered conventional healthcare systems, includ-
ing isolation protocols for infectious or febrile patients and universal precautions®>. Accumulating evidence
suggests that COVID-19 is directly and indirectly associated with a higher risk of decline in activities of daily
living (ADL). Even after recovering from the acute phase, COVID-19 survivors experience a decline in physical
function, ADL, and health-related quality of life, with recovery taking several months®. However, it is not fully
understood whether COVID-19 specifically affects physical function compared to non-COVID-19 pneumonia.

Chronic kidney disease (CKD) affects over 700 million people worldwide and represents a major public health
burden”®. CKD not only affects the filtration of uremic solutes or toxins but also impacts multiple organs, such
as cardiovascular diseases, glucose intolerance, and musculoskeletal disorders®!2. A previous study reported
that 73% of patients with CKD initiating chronic dialysis already suffer from frailty'®. Patients with CKD are
particularly vulnerable to infections and are at an increased risk of experiencing severe symptoms in relation to
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various infectious diseases. It is known that the risk of in-hospital mortality due to pneumonia is 4.1- to 23.4-fold
higher in patients with CKD, particularly in those on dialysis'*. A Western report also demonstrated that the
adjusted risk of mortality in patients with end-stage kidney disease (ESKD) hospitalized with COVID-19 in 2020
was 37% higher than in COVID-19 patients without ESKD'®. Not only mortality but also the risk of decline in
ADL is expected to be even higher in frail patients on dialysis. However, there is limited research on the risk of
decline in ADL among dialysis patients with COVID-19. Furthermore, the impact of ESKD on ADL outcomes
after hospitalization with COVID-19 is yet to be determined.

To address these issues, this study was designed to investigate the risk of in-hospital death and decline
in ADL after COVID-19 compared to non-COVID-19 pneumonia in patients on chronic dialysis using an
inpatient administrative claims database in Japan. Our hypothesis is that patients with COVID-19 who are on
chronic dialysis (COVID-19/D) have a higher risk of in-hospital mortality and loss of ADL than the other three
groups (non-COVID-19/non-dialysis [non-COVID-19/ND], COVID-19/non-dialysis [COVID-19/ND], non-
COVID-19/dialysis [non-COVID-19/D]), due to underlying complex comorbidities and frailty. To compare the
outcomes, we matched the patients into these four groups.

Methods

Source of data

The study participants were identified from the Diagnosis Procedure Combination (DPC) inpatient database,
which is an administrative claims database in Japan. This database includes more than 1000 hospitals, includ-
ing all 82 university hospitals, and covers more than half of all admissions in the country'. The DPC database
provides information on various aspects such as diagnosis and comorbidities at hospital admission and cause of
death coded according to the International Classification of Disease and Related Health Problems, 10th Revision
(ICD-10)". It also includes patient information such as age, gender, Body Mass Index (BMI), admission and
discharge status, ADL at admission and discharge, and a comorbidity score known as the Charlson Comorbid-
ity Index'8, which is updated for risk adjustment!>?. This study was performed in accordance with the ethical
principles laid down in the 1964 Declaration of Helsinki, and was approved by the ethics committee of Tokyo
Medical and Dental University (No. M2000-788). The requirement for informed consent was waived by the ethics
committee of Tokyo Medical and Dental University due to the anonymous nature of the data.

In 2020, there were 338,256 pneumonia-related cases as any of a primary diagnosis during hospitalization,
reason for admission, or disease that required the highest medical care cost in the DPC database. The inclu-
sion criteria for this study were patients who were at least 18 years old, had a hospital stay of at least 24 h, and
had either COVID-19 or pneumonia as the primary diagnosis for hospitalization (Fig. S1). COVID-19 and
non-COVID-19 pneumonia were recognized with the ICD-10 codes. Several exclusion criteria were applied,
including second or subsequent admissions, death within 24 h of admission, a BMI less than 15 or greater than
50, incomplete information on BMI, ADL, and admission type (emergent or non-emergent), patients with
aspiration pneumonia, and patients who initiated hemodialysis or peritoneal dialysis during hospitalization. A
total of 123,378 patients were included before matching, comprising 66,692 non-COVID-19/ND patients, 54,132
COVID-19/ND patients, 1894 non-COVID-19/D patients, and 660 COVID-19/D patients. After a propensity
score matching (PSM), 2136 patients were divided into four subgroups, each consisting of 534 patients (Fig. S1).

Patients who received maintenance hemodialysis and peritoneal dialysis were recognized with the coding
of patient care procedures as follows: chronic maintenance hemodialysis with <4 h per session,24 h and<5h
per session, > 5 h per session, or chronic maintenance hemodiafiltration or continuous peritoneal dialysis. One
COVID-19/D patient was dependent of both hemodialysis and peritoneal dialysis and the remaining dialysis
patients were on maintenance hemodialysis. There were 13 patients post transplantation, including 7 post kidney
transplant, 5 post stem cell transplant, and 1 post liver transplant patients.

Patient characteristics

The Barthel Index scores at admission and discharge were calculated based on 10 functional abilities: feeding,
bathing, dressing, grooming, toileting, bowel control, bladder control, chair transfer, ambulation, and climbing
stairs®!. The Barthel Index ranges from 0 to 100 points, with the highest scores indicating greater independ-
ence in physical functions and lower scores indicating a more bedridden status. The Barthel Index scores were
used to classify the level of dependence into four groups: total dependence (0-20 points), severe dependence
(21-60 points), moderate dependence (61-90 points), and mild dependence or complete independence (91-100
points)?**. In addition, other clinical data on inpatients were collected, including age, gender, BMI, dialysis
dependency, the updated Charlson Comorbidity Index excluding renal disease?***, comorbidities, and admis-
sion type (emergency or non-emergency). The age groups used in the analysis were 18-49, 50-59, 60-69, 70-79,
and greater than 80 years®.

Outcomes

The primary outcome of this study was the occurrence of in-hospital deaths from any cause. The secondary
outcome was a decline in physical function, defined as a decrease of at least 20% in the Barthel Index score at
discharge compared to that at admission. We also evaluated a risk of death directly from pneumonia or death
due to other diseases. The database identified deaths from COVID-19 or non-COVID-19 pneumonia as a pri-
mary diagnosis during hospitalization or those from other reasons. Other outcomes included hospital length
of stay and medical care cost. The long-term hospitalization was defined as a stay of 30 days or longer. The high
medical cost was defined as the highest quartile of participants. Patients were followed until discharge, transfer,
or in-hospital death?.
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Data analyses

Baseline characteristics were presented as numerical values (%) or medians (interquartile ranges). The Wald
confidence interval for proportions was examined. We estimated the propensity score using a logistic regres-
sion model. To minimize potential confounding effects, differences in age (18-49, 50-59, 60-69, 70-79, and
greater than 80 years) and sex were adjusted. Based on the propensity score using a 1:1 scheme, Non-COVID-
19/D patients (prematching, N =1894; postmatching, N =534) were first matched with COVID-19/D patients
(prematching, N =660; postmatching, N=534). Subsequently, COVID-19/ND (prematching, N =54,132; post-
matching, N=534) and Non-COVID-19/ND patients (prematching, N=66,692; postmatching, N=534) were
adjusted with each COVID-19/D patient. The caliper width used for matching was set at 0.25 of the standard
deviation of the propensity score. The cumulative hazard after hospitalization for pneumonia was assessed using
the Nelson-Aalen estimator among the four groups. The log-rank test was used for a statistical comparison.
Risks of mortality or functional decline were estimated using logistic regression analyses among postmatching
patients, adjusting for age, gender, BMI, Barthel Index score at admission, and Charlson Comorbidity Index
score. Statistical analyses were performed using JMP Pro 12.0 software (SAS Institute Inc., Cary, USA). p-values
of less than 0.05 were considered statistically significant.

Results

Patient characteristics

The characteristics of the dialysis and non-dialysis patients hospitalized with COVID-19 or non-COVID-19
pneumonia (n=123,378) in Japan during 2020 are listed in Table S1. Before PSM, the prematching patients had
an age ranging from 56 to 80 years, a percentage of women ranging from 22 to 43%, and a BMI ranging from 21
to 23 kg/m?. After PSM, a total of 2136 patients were divided into four subgroups, each consisting of 534 patients:
non-COVID-19/ND, COVID-19/ND, non-COVID-19/D, and COVID-19/D (Table 1). The median age for each
subgroup was 69 years, with the percentage of women ranging from 26 to 27% and a BMI ranging from 21 to 24
kg/m?. In comparison to the COVID-19 group, the non-COVID-19 group exhibited lower Barthel Index scores.
The patients with non-COVID-19 pneumonia had higher proportions of cardiovascular disease and higher
Charlson Comorbidity Index scores than the patients with COVID-19. Furthermore, Charlson Comorbidity
Index scores were higher in the dialysis group than in the non-dialysis group.

Rates for in-hospital overall death or decline in physical function following pneumonia

In our study cohort, a total of 187 all-cause in-hospital deaths were observed. The mortality rates were 6.0% (95%
confidence interval [CI] 4.28-8.34), 4.9% (95% CI 3.34-7.04), 8.1% (95% CI 6.03-10.7), and 16.1% (95% CI
13.2-19.5) in the non-COVID-19/ND, COVID-19/ND, non-COVID-19/D, and COVID-19/D groups, respec-
tively. The Nelson-Aalen estimator, used for survival estimation, revealed that the COVID-19/D group had the
highest risk of overall death within 30 days after admission (Fig. 1A). When stratified by age, the mortality rates
increased with advancing age in all groups (Fig. 1B). Notably, the COVID-19/D group exhibited particularly
high mortality rates among individuals aged 70 years and older.

The percentages of patients who experienced functional decline after survival were 20.8% (95% CI 17.6-24.4),
13.1% (95% CI 10.5-16.2), 20.0% (95% CI 16.9-23.6), and 20.6% (95% CI 17.4-24.2) in the non-COVID-19/
ND, COVID-19/ND, non-COVID-19/D, and COVID-19/D groups, respectively (Fig. 1C). With increasing age,
the rates of functional decline increased in all groups.

Risk of in-hospital death and decline in physical function among non-COVID-19/non-dialysis,
COVID-19/non-dialysis, non-COVID-19/dialysis, and COVID-19/dialysis patients

To compare the risk of death and decline in physical function among the groups, logistic regression analyses were
performed. The results, as shown in Fig. 2, revealed that the COVID-19/ND group had similar odds of death
compared to the non-COVID-19/ND group (odds ratio [OR] 1.23, 95% CI 0.67-2.24, p=0.5). The non-COVID-
19/D group had 1.61-fold higher odds of death (95% CI 0.97-2.71, p=0.067), while the COVID-19/D group had
a significantly higher risk of death (OR 5.92, 95% CI 3.62-9.96, p <0.0001) than the non-COVID-19/ND group.

In terms of functional decline, logistic regression analyses were performed for a minimum 20% decline in
Barthel Index scores. The ORs of functional decline were not significantly increased in the COVID-19/ND (OR
1.06, 95% CI 0.65-1.72, p=0.8) and non-COVID-19/D (OR 0.78, 95% CI 0.51-1.19, p=0.3) groups compared
to the non-COVID-19/ND group. However, only the COVID-19/D group showed a higher risk of functional
decline (OR 1.93, 95% CI 1.26-2.99, p=0.0025) than the non-COVID-19/ND group.

The logistic regression models adjusting for diabetes mellitus instead of Charlson Comorbidity Index showed
the similar odds of death and functional decline in the COVID-19/D group (Fig. S2). To further examine the
risks of earlier or later deaths, we performed logistic regression analyses for a risk of overall death within 20
days or 221 days after hospitalization. As a result, the COVID-19/D group was at a greater risk of overall death
within 20 days and > 21 days after admission (Fig. S3a).

Risk of in-hospital death primarily due to pneumonia or other comorbidities among
non-COVID-19/non-dialysis, COVID-19/non-dialysis, non-COVID-19/dialysis, and COVID-19/
dialysis patients

To assess whether the causes of death were directly attributed to pneumonia or diseases other than pneumonia,
the primary reasons for in-hospital mortality were examined in each group. Figure 3 shows the ORs for direct
causes of in-hospital mortality due to pneumonia and other comorbidities. It was found that the non-COVID-
19/D and COVID-19/D groups on chronic dialysis were more likely to die due to causes other than pneumonia
(OR 2.55;95% CI 1.12-6.29; OR 3.00, 95% CI 1.11-8.48; p=0.030, respectively) compared to the non-COVID-19/
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Non-COVID-19/ND COVID-19/ND Non-COVID-19/D COVID-19/D

Variable (n=534) (n=534) (n=534) (n=534) p-value
Age, years 69 (56-78) 68 (56-77) 69 (57-78) 68 (56-77) 0.3943
18-49 72 (13.48) 72 (13.48) 64 (11.99) 72 (13.48) 1.0000
50-59 101 (18.91) 101 (18.91) 109 (20.41) 101 (18.91)

60-69 111 (20.79) 111 (20.79) 111 (20.79) 111 (20.79)

70-79 152 (28.46) 152 (28.46) 152 (28.46) 152 (28.46)

>80 98 (18.35) 98 (18.35) 98 (18.35) 98 (18.35)

Female 137 (25.66) 137 (25.66) 144 (26.97) 137 (25.66) 0.9492
Body Mass Index, kg/m?* 21.30 (18.48-24.43) 23.76 (21.47-26.12) 21.37 (18.74-25.00) 22.96 (20.34-25.79) <0.0001
Barthel Index score

0-20 110 (20.60) 56 (10.49) 121 (22.66) 72 (13.48) <0.0001
21-60 71 (13.30) 29 (5.43) 98 (18.35) 66 (12.36)

61-90 58 (10.86) 22 (4.12) 55 (10.30) 43 (8.05)

91-100 295 (55.24) 427 (79.96) 260 (48.69) 353 (66.10)

Charlson comorbidity

Myocardial infarction 8 (1.50) 7 (1.31) 14 (2.62) 6(1.12) 0.2121
Congestive heart failure 91 (17.04) 18 (3.37) 188 (35.21) 34 (6.37) <0.0001
Peripheral vascular disease 5(0.94) 7 (1.31) 29 (5.43) 6(1.12) <0.0001
Cerebrovascular disease 39 (7.30) 17 (3.18) 50 (9.36) 23 (4.31) <0.0001
Dementia 34 (6.37) 15(2.81) 17 (3.18) 9(1.69) <0.0001
Chronic pulmonary disease 113 (21.16) 36 (6.74) 33 (6.18) 17 (3.18) <0.0001
Rheumatologic disease 22 (4.12) 6 (1.12) 8 (1.50) 4(0.75) <0.0001
Peptic ulcer disease 19 (3.56) 15 (2.81) (3 00) 13 (2.43) 0.7466
Mild liver disease 9 (3.56) 14 (2.62) 1(2.06) 5(0.94) 0.0354
Diabetes without chronic complications 8 (16.48) 94 (17.60) 79 (14.79) 51 (9.55) 0.0001
Diabetes with chronic complications 19 (3.56) 10 (1.87) 143 (26.78) 108 (20.22) <0.0001
Hemiplegia or paraplegia 0 (0.00) 0 (0.00) 3(0.56) 1(0.19) 0.2025
any malignancy, including leukemia and | 69 (15 g5 19 (3.56) 47 (8.80) 10(1.87) <0.0001

ymphoma

Moderate or severe liver disease 3(0.56) 0 (0.00) 1(0.19) 2(0.37) 0.5301
Metastatic solid tumor 16 (3.00) 1(0.19) 1(0.19) 0 (0.00) <0.0001
AIDS/HIV 1(0.19) 2(0.37) 0 (0.00) 1(0.19) 0.9060
Charlson Comorbidity Index

0 232 (43.45) 430 (80.52) 13 (2.43) 150 (28.09) <0.0001
1-2 208 (38.95) 84 (15.73) 283 (53.00) 325 (60.86)

23 94 (17.60) 20 (3.75) 238 (44.57) 59 (11.05)

Table 1. Characteristics of patients hospitalized with pneumonia in Japan during 2020. Data are presented
as numbers (percentages) or medians (interquartile ranges). To compare the four groups, one-way analysis
of variance was used for continuous variables, while a chi-squared test was used for categorical variables. D
dialysis, non-COVID-19 non-COVID-19 pneumonia. *ND was defined as non-dialysis patients.

ND group. Notably, the non-COVID-19/D group had a similar risk of death directly due to non-COVID pneu-
monia (OR 1.22,95% CI 0.66-2.27), while the COVID-19/D group had a greater risk of death from COVID-19
(OR 6.02, 95% CI 3.50-10.8, p <0.0001). The COVID-19/D group also displayed the highest risk of death from
COVID-19 both within 20 days and > 21 days after hospitalization (Fig. S3b). These findings suggest that patients
on dialysis are more likely to develop severe pneumonia and subsequent comorbidities under the COVID-19
condition, but not under other types of pneumonia.

To investigate the relationship between hospital stay and outcomes, the length of hospitalization and medical
expenses were examined. As shown in Fig. S4, patients on dialysis in the COVID-19/D and non-COVID-19/D
groups had a higher risk of long-term hospitalization (OR 1.61, 95% CI 1.11-2.34, p<0.013 and OR 1.37, 95% CI
0.96-1.96, p=0.085, respectively). In contrast, the COVID-19/ND group had a significantly lower risk of long-
term hospitalization (OR 0.51, 95% CI 0.32-0.82, p <0.0054). The increased comorbidities and isolation period
might contribute to longer hospital stays for patients on dialysis. Logistic regression analyses were also performed
to assess the risk of high medical costs, defined as the highest quartile of participants. Notably, the COVID-19/D
group was found to be associated with higher medical costs (OR 13.2, 95% CI 9.18-19.1, p <0.0001).
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Figure 1. In-hospital death and decline in physical function after coronavirus disease 2019 (COVID-19) and
other types of pneumonia in Japan. (a) The Nelson—Aalen estimator of the cumulative hazard among the non-
COVID-19/non-dialysis, COVID-19/non-dialysis, non-COVID-19/dialysis, and COVID-19/dialysis groups
within 30 days after hospitalization. A statistical comparison was performed with the log-rank test (p=0.0001).
(b,c) Prevalence of overall in-hospital death (b) and functional decline after survival (c) in each age stratum.
Each circle represents a mean, and the solid lines represent the corresponding 95% confidence intervals (Cls)
among non-COVID-19/non-dialysis, COVID-19/non-dialysis, non-COVID-19/dialysis, and COVID-19/
dialysis groups. A chi-squared test was used to compare the four groups. The decline in physical function was
defined as a 20% or more decline in Barthel Index scores at discharge from admission. CI confidence interval,
ND non-dialysis patients, D dialysis, non-COVID-19 non-COVID-19 pneumonia.

Discussion

This observational cohort study, using a national sample, aimed to elucidate the risks of in-hospital mortal-
ity and functional decline after COVID-19 or other types of pneumonia during the initial three waves of the
COVID-19 pandemic. To further compare this association between patients with and without ESKD, PSM was
performed within four groups: non-COVID-19/ND, COVID-19/ND, non-COVID-19/D, and COVID-19/D.
The findings revealed that the non-COVID-19/D group, and particularly the COVID-19/D group, had a higher
risk of in-hospital mortality. The increased mortality in the COVID-19/D group was attributed to deaths due to
both COVID-19 and comorbidities other than pneumonia. Despite a shorter hospital stay in the COVID-19/ND
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All-cause in-hospital deaths Decline in physical function?
Group Event N Adjusted OR (95% ClI) Event N Adjusted OR (95% ClI)
Non-COVID-19/ND 32/534 Reference . 111/534 Reference Q
COVID-19/ND 26/534 1.23 (0.67-2.24) —@—i 70/534  1.06 (0.65-1.72) @
Non-COVID-19/D 43/534 1.61 (0.97-2.71) —@— 107/534  0.78 (0.51-1.19) @+
COVID-19/D 86/534 5.92 (3.62-9.96) —@— 110/534  1.93 (1.26-2.99) @
051 2 4 8 16 051 2 4
Figure 2. Risk of in-hospital death and decline in physical function among non-coronavirus disease 2019
(COVID-19)/non-dialysis, COVID-19/non-dialysis, non-COVID-19/dialysis, and COVID-19/dialysis patients.
Multivariable logistic regression models were adjusted for age, gender, body mass index, Barthel Index score on
admission, and Charlson Comorbidity Index score. Each circle represents a point estimate of odds ratios (ORs),
and the solid lines represent the corresponding 95% confidence intervals (Cls). *The decline in physical function
was defined as a 20% or more decline in Barthel Index scores at discharge from admission. CI confidence
interval, OR odds ratio, ND non-dialysis patients, D dialysis, non-COVID-19 non-COVID-19 pneumonia.
Deaths from pneumonia Deaths from other comorbidities
Group Event N Adjusted OR (95% CI) Event N Adjusted OR (95% CI)
Non-COVID-19/ND 23/534 Reference ) 9/534 Reference )
COVID-19/ND 24/534 1.35(0.71-2.61) +H+@— 2/534 0.50 (0.07-2.12) —@—
Non-COVID-19/D 25/534 1.22 (0.66-2.27) +@— 18/534 2.55(1.12-6.29) —@—
COVID-19/D 75/534 6.02 (3.50-10.8) —@— 11/534 3.00 (1.11-8.48) —@—
051 2 4 8 16 0.06250.25 1 4 16

Figure 3. Risk of in-hospital death primarily due to pneumonia or other comorbidities among non-coronavirus
disease 2019 (COVID-19)/non-dialysis, COVID-19/non-dialysis, non-COVID-19/dialysis, and COVID-19/
dialysis patients. Multivariable logistic regression models were adjusted for age, gender, Body Mass Index,
Barthel Index score on admission, and Charlson Comorbidity Index score. Each circle represents a point
estimate of odds ratios (ORs), and the solid lines represent the corresponding 95% confidence intervals (CIs).

CI confidence interval, OR odds ratio, ND non-dialysis patients, D dialysis, non-COVID-19 non-COVID-19
pneumonia.

group compared to the non-COVID-19/ND group, the risks for functional decline were comparable between
the two groups. Notably, the COVID-19/D group demonstrated the highest risks of a hospital stay of 30 days or
longer and functional decline compared to the other three groups.

The SARS-CoV-2 variants of concern were B1.1.7 (or alpha) and B.1.351 (or beta) during 2020. The initial
Japanese study conducted in 2020 revealed that the crude mortality rate attributed to COVID-19 in patients on
dialysis was 20 times higher than that in the general population®. The findings were consistent with reports from
the United States and Europe, which also reported an increased risk of death from COVID-19 in patients on
dialysis compared to non-dialysis patients'*?°. The present study further demonstrated that dialysis patients with
non-COVID-19 and COVID-19 pneumonia exhibited a higher risk of mortality than non-dialysis patients. These
findings align with previous studies reporting that patients on dialysis are immunocompromised®*”. Notably, the
mortality risk associated with COVID-19 was much greater than that for other types of pneumonia in patients
with ESKD. Regarding the direct causes of death, the mortality risks due to diseases other than pneumonia were
similarly higher in both the COVID-19/D and non-COVID-19/D groups than in the ND groups. This finding is
consistent with previous studies highlighting the complex nature of disease and the presence of multiple comor-
bidities in patients with ESKD?. It is noteworthy that the risk of death directly attributed to pneumonia was
not increased in the non-COVID-19/D group, while it was markedly higher in the COVID-19/D group. These
findings suggest that COVID-19 leads to more severe pneumonia and comorbidities in patients with kidney
diseases compared to other types of pneumonia.

In the present study, an increased risk of decline in ADL was observed in dialysis patients with COVID-19,
with approximately twice the odds compared to other groups. This could be attributed to the longer length of
hospital stay, which generally leads to a decline in ADL*. However, it is worth noting that the increase in the
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length of hospital stay was also marginally significant for dialysis patients with non-COVID-19 pneumonia. Fur-
thermore, despite a much shorter hospital stay in the COVID-19/ND group, the risk of ADL decline was equally
high compared to the non-COVID-19/ND group. These findings suggest that COVID-19 specifically affects the
musculoskeletal system and physical function during hospitalization more than non-COVID-19 pneumonia.

It has been reported that COVID-19 leads to a decline in ADL*’. However, the difference in the impact of
COVID-19 compared to other types of pneumonia on physical function has not been fully understood. This study
is the first to compare this using a nationwide survey with the PSM of the groups. The potential mechanisms for
the impact of COVID-19 on physical function include the cytokine storm (e.g., tumor necrosis factor-alpha and
interleukin 6) induced by the virus, which may directly cause a decrease in muscle mass and strength by decreas-
ing the synthesis and increasing the degradation of muscle proteins®*2. Other factors that may contribute to this
decline include myotoxic drugs like steroids and Intensive Care Unit admissions®®. However, further studies are
needed to elucidate the remaining factors and mechanisms in order to develop specific interventions to mitigate
the loss of muscle mass, strength, and physical function during COVID-19.

It is possible that the isolation of patients with COVID-19 contributed to the decline in ADL in patients on
dialysis. During the earlier waves of the COVID-19 pandemic, early discharge and home recuperation were usu-
ally recommended until sufficient evidence was accumulated. In contrast, dialysis patients with COVID-19 pre-
sumably required a longer hospital stay because of a need for a hospital-based isolation during dialysis sessions.
Due to their underlying frailty, the combination of isolation and the direct impact of COVID-19 pneumonia
may have a substantially critical effect on patients on dialysis compared to those with normal kidney function.
Early rehabilitation intervention after COVID-19 has been reported to help maintain ADL (17). Currently, there
are no guidelines or consensus on early intervention in the acute phase of COVID-19. Our findings may have
clinical implications for the isolation protocols of patients with COVID-19 and the implementation of universal
precautions, particularly for patients with underlying kidney disease.

The strength of this study lies in its well-validated, large-scale design, which provided a nationally representa-
tive sample of the Japanese population. However, there are several limitations that should be acknowledged. First,
our study specifically focused on the initial three waves of the COVID-19 epidemic in 2020. It is important to
consider that COVID-19 has since undergone multiple mutations, potentially leading to different characteristics
compared to the time of our study. Second, the diagnoses of COVID-19 and non-COVID-19 pneumonia were
based on the ICD-10 codes. The microbiological diagnosis of pneumonia was not available. Third, the database
lacked laboratory data such as blood sampling results, imaging, and oxygen saturation. Information on the use
of immunosuppressive agents were also unavailable.

In conclusion, our findings indicate that COVID-19 poses a significant risk of in-hospital mortality and a
decline in ADL among patients on dialysis during the initial three waves of the pandemic. This suggests that the
specific characteristics of COVID-19, along with the frailty of patients on dialysis and the prolonged isolation
measures, may have contributed to these outcomes. The prolonged isolation period due to COVID-19 and the
challenges in implementing rehabilitation interventions may contribute to the decline in ADL, particularly among
patients receiving maintenance dialysis. These factors should be considered when determining the appropriate
duration of isolation for dialysis patients with COVID-19.

Data availability
The data that support the findings of this study are available from the corresponding author S.M. upon reason-
able request.
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