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Abstract

Background The association between proteinuria, which is also an indicator of chronic kidney disease (CKD), and corona-
virus disease 2019 (COVID-19) severity is unclear.

Methods We selected 342 hospitalized patients with COVID-19 diagnosed via polymerase chain reaction testing between
February 2020 and October 2022 and who had at least one urinalysis 14-365 days before admission.

Results Proteinuria before admission was associated neither with oxygen administration nor developing pneumonia in mul-
tivariate analysis (odds ratio [OR] 1.03; 95% confidence interval (CI) 0.44-2.40, p=0.95 and OR 1.01; 95% CI 0.47-2.17,
p=0.98, respectively). Proteinuria on admission was associated both with oxygen administration and developing pneumonia
in multivariate analysis (OR 3.29; 95% CI 1.37-7.88, p<0.01 and OR 3.81; 95% CI 1.68-8.62, p<0.01, respectively). The
percentage of patients with proteinuria on admission was significantly higher than those before admission (37.4% vs. 17.8%;
p<0.01). In the subgroup analysis, proteinuria on admission among patients with eGFR > 60 mL/min/1.73 m* was associ-
ated with both oxygen administration and developing pneumonia (OR 4.86; 95% CI 1.22-19.38, p=0.03, OR 3.65; 95% CI
1.06-12.58, p=0.04, respectively). In contrast, proteinuria on admission among patients with eGFR < 60 mL/min/1.73 m?
was associated with developing pneumonia (OR 6.45; 95%CI 1.78-23.35, p=0.01), not with oxygen administration (OR
3.28;95% C10.92-11.72, p=0.07).

Conclusions Although underlying proteinuria before admission was not associated with COVID-19 severity, proteinuria on
admission was associated with oxygen demand and developing pneumonia.

Keywords Chronic kidney disease (CKD) - Proteinuria - Estimated glomerular filtration rate (¢GFR) - COVID-19 severity -
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

Introduction services worldwide. Chronic kidney disease (CKD) is a

key risk factor for the severity of COVID-19 and one of
Beginning in early 2023, the severe acute respiratory syn-  the main targets of SARS-CoV-2 [1-4]. Proteinuria and
drome coronavirus 2 (SARS-CoV-2) infection-related pan-  acute kidney injury (AKI) are also known to be frequently
demic of coronavirus disease 2019 (COVID-19) will con-  observed shortly after infection with SARS-CoV-2 by its
tinue to harm people's health and place a strain on medical  direct and indirect effects [S—10]. Hence, values of renal
parameters before admission may be necessary to evaluate
the risk of underlying CKD, but there are not many such
04 Akira Fukui studies, and the reduced estimated glomerular filtration
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Japan The objective of this study is to examine the relationship
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on proteinuria, and COVID-19 severity. Moreover, we com-
pared the values of renal parameters on admission with those
before admission.

Materials and methods
Patients group and study structure

The data of the study were from Jikei University Hospi-
tal in Tokyo, Japan, which employs computerized medical
records. Between February 9, 2020, and October 30, 2022,
a total of 1650 consecutive patients with COVID-19 who
were admitted also tested positive for SARS-CoV-2 via
polymerase chain reaction (PCR). The registry includes the
data on age, sex, smoking, comorbid diseases, and medi-
cal information on COVID-19 (pneumonia findings diag-
nosed via CT scan or chest X-ray during hospitalization,
the requirement of oxygen administration, the requirement
of mechanical ventilation, and in-hospital mortality). The
definition of cardiovascular disease and the term “lung dis-
ease” refer to Supplementary Methods. Of the 1650 patients,
393 patients who had at least one urinary dipstick protein
testing at our hospital 14-365 days before admission were
obtained using the data warehouse CLISTA! 3.5 (Medical
Engineering Institute, Inc., Tsu, Japan) [21]. Then, ages < 18
years (n=17) and patients on hemodialysis (n=19), perito-
neal dialysis (n=4), and renal transplant recipients (n=11)
were excluded. Thus, the final analysis included 342 patients
(Fig. 1). We recorded values of their biochemical measure-
ments, such as urinary protein, urinary occult blood, serum
creatinine, and eGFR, and body weight, height, and body
mass index (BMI) from electronic medical records before

admission, those on admission soon after SARS-CoV-2
diagnosis and finally those at the time of discharge. We also
obtained regarding body temperature and inflammation-
related parameters, such as CRP, leukocyte and lymphocyte
levels on admission. We employed the most recent values
from at least 14 days before admission, with due considera-
tion of the incubation period of SARS-COV-2 [22]. Con-
versely, the values on admission were obtained from the first
measurement after admission. The following eGFR equa-
tion, created for the Japanese population, was used to deter-
mine eGFR calculated as follows: 194 X (serum creatinine
(mg/dL))_l'o94 X (age (years 0ld))™%2%7 (% 0.739, for female).
A urine dipstick test was performed with urine test strips
(UrifletS-9UB, ARKRAY, Kyoto, Japan) and a fully auto-
mated urine analyzer (AUTION MAX AX-4061, ARKRAY,
Kyoto, Japan) during the whole study period. Positive pro-
teinuria was defined as dipstick proteinuria> 1+ (> 30 mg/
dL) and reduced eGFR was defined as eGFR <60 mL/
min/1.73 m? [23].

Outcomes

The outcome was in-hospital mortality, the requirement of
mechanical ventilators, the requirement of oxygen adminis-
tration, and developing pneumonia during hospitalization.

Statistical analysis

Medians are used to describe non-normally distributed data
(interquartile ranges). Data that are normally dispersed are
presented as mean =+ standard deviation. Numbers and per-
centages are used to describe binary data. Student’s ¢ test
or the Wilcoxon rank sum test, as applicable, was used to

1650 consecutively hospitalized patients with COVID-19 who were tested positive for SARS-CoV-2
PCR test between February 2020 and October 2022 on hospital admission.

1257 patients who had no urinary protein testing at our
hospital 14-365 days prior to admission

51 patients were excluded:

* On hemodialysis (n = 19)

Ages < 18 years (n =17)

On peritoneal dialysis (n = 4)
Renal transplant recipients (n = 11)

)

Analyzed in this study (n = 342)

Fig. 1 Flowchart. We used the registry of consecutive 1650 hospital-
ized patients with COVID-19 who were tested positive for the SARS-
CoV-2 PCR test between February 9, 2020, and October 30, 2022,
on hospital admission. Of the 1650 patients, 393 patients who had
at least one urinary protein test at our hospital 14-365 days before
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admission were extracted using the data warehouse CLISTA! 3.5
(Medical Engineering Institute, Inc., Tsu, Japan) [21]. Ages<18
years (n=17) and patients receiving hemodialysis (n=19), peritoneal
dialysis (n=4), and renal transplant (n=11) were excluded. Thus, the
final analysis included 342 patients
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analyze continuous variables, whereas the ;(2 test was used
to analyze nominal variables. Multiple logistic regres-
sion analysis was performed for oxygen administration or
developing pneumonia. The explanatory variables are as
follows: age, sex, BMI, smokers, diabetes mellitus, a his-
tory of cardiovascular disease or lung disease, urine protein,
and underlying eGFR. In subgroup analysis, we evaluated
the association between proteinuria and outcome among
patients with eGFR < 60 mL/min/1.73 m? and those with
eGFR > 60 mL/min/1.73 m?. Statistical significance was
defined as a p<0.05. STATA version 17.0 (STATA Corp.,
College Station, TX, USA) was used to conduct all statisti-
cal tests.

Results
Population characteristics of the research

Table 1 displays the characteristics of the research par-
ticipants (n=342). The mean age on admission was
63 + 17 years, and 219 participants (64.0%) were men.
Among the 342 patients, 122 were diagnosed with diabetes,
113 with hypertension, and 5 with IgA nephropathy. The
renal parameters before admission indicated that 17.8% of
participants had positive proteinuria and 34.7% had reduced
eGFR. Twenty-six among the 58 cases with positive pro-
teinuria were hospitalized after January 2022, a period when
the Omicron strain was known to cause COVID-19 in Japan.
Table 2 shows the comparison of parameters for each out-
come. Regarding the individual components, there were 14
(4.1%) in-hospital mortality, 19 (5.7%) patients required
mechanical ventilators, 93 (27.7%) required oxygen admin-
istration, and 148 (45.7%) patients had pneumonia findings
among the entire study population. The data for 18 cases of
progression to pneumonia, 6 cases of oxygenation, and 7
cases of ventilator management are missing.

Factors associated with each outcome

Univariate analysis of the association between each outcome
and renal parameters was performed. Proteinuria before
admission was not associated with any outcome, whereas
proteinuria on admission was associated with oxygen admin-
istration and developing pneumonia (Table 2). Reduced
eGFR before admission was associated only with oxygen
administration, whereas reduced eGFR on admission was
associated with oxygen administration and in-hospital mor-
tality (Table 2). Since the in-hospital mortality rate and the
rate of the use of mechanical ventilators were low in our
study population, multivariate logistic regression analysis
was performed for oxygen administration and developing
pneumonia.

Table 1 Baseline characteristics

Variables Values
Number 342
Age [years] 63+17
Male (%) 219 (64.0%)
Height [cm] 165+10
BW [kg] 64.2+15.6
BMI [kg/m?] 23.5+4.6
Comorbid disease
Diabetes [%] 122 (36.4%)
Hypertension [%] 113 (33.0%)
Cardiovascular disease [%] 38 (11.3%)
Lung disease [%] 79 (23.6%)
IgA nephropathy [%] 5(1.5%)
SLE [%] 4(1.2%)
Membranous nephropathy [%] 3(0.9%)
Minimal change nephrotic syndrome [%] 2 (0.6%)

Smoking status
Smoker [%]
Never smoker [%]

Renal parameters before admission
Cr [mg/dL]

133 (57.8%)
97 (42.2%)

0.83 (0.67-1.04)

eGFR [mL/min/1.73m?] 68.9+27.3
eGFR < 60 mL/min/1.73m? [%] 118 (34.7%)
Proteinuria > 1+ [%] 58 (17.8%)

Renal parameters on admission
Cr [mg/dL]

0.85 (0.66-1.09)

eGFR [mL/min/1.73m?] 66.5+26.9
eGFR < 60 mL/min/1.73m? [%] 129 (39.0%)
Proteinuria> 1+ [%] 76 (37.4%)

Means + SD or medians and interquartile range (IQR)

BW, body weight; BMI, body mass index; eGFR, estimated glomeru-

lar filtration rate

In the analysis using renal parameters before admission,

proteinuria before admission was associated neither with
oxygen administration nor developing pneumonia in mul-
tivariate analysis (odds ratio [OR] 1.03; 95% confidence
interval (CI) 0.44-2.40, p=0.95, and OR 1.01; 95% CI
0.47-2.17, p=0.98, respectively) (Tables 3 and 4). Reduced
eGFR before admission was associated neither with oxygen
administration nor developing pneumonia in multivariate
analysis (OR 1.05;95% CI1 0.52-2.12, p=0.90 and OR 1.26;
95% C1 0.66-2.42, p=0.49, respectively) (Tables 3 and 4).
In multivariate analysis, older age was also associated with
a larger ratio of oxygen administration (OR 1.04; 95% CI
1.01-1.07, p 0.01) (Tables 3 and 4).

In the analysis using renal parameters on admission,
proteinuria on admission was associated both with oxy-
gen administration and developing pneumonia in multi-
variate analysis (OR 3.29; 95% CI 1.37-7.88, p<0.01
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Table 3 Factors contributing

. Variable Using renal parameters before Using renal parameters on admission
to the requirement of oxygen admission
administration
Odds ratio  95% CI pvalue Oddsratio 95% CI p value
Age [years] 1.04 1.01-1.07 <0.01 1.04 1.01-1.08 0.02
Male gender 1.73 0.72-4.14 022 395 1.19-13.07 0.03
BMI [kg/m?] 1.05 0.97-1.13 021 1.09 0.99-1.19 0.08
Smokers 1.42 0.64-3.13 039 0.62 0.23-1.72 0.36
Diabetes 1.52 0.78-2.97 022 120 0.51-2.79 0.68
Cardiovascular disease 0.66 0.24-1.86 043 051 0.16-1.66 0.27
Lung disease 1.65 0.80-3.39 0.17 2.03 0.79-5.25 0.14
Proteinuria>1+ 1.03 0.44-2.40 095 3.29 1.37-7.88 <0.01
eGFR <60 mL/min/1.73m*>  1.05 0.52-2.12 090 0.84 0.33-2.14 0.71

ClI, confidence interval; BMI, body mass index; eGFR, estimated glomerular filtration rate

Table 4 Factors contributing to

; . Variable Using renal parameters before admis- Using renal parameters on admis-
the developing pneumonia sion sion

Odds ratio  95% CI pvalue Oddsratio 95% CI p value
Age [years] 1.01 0.99-1.03 0.32 1.01 0.98-1.03 0.70
Male gender 1.07 0.52-2.18  0.86 1.07 0.43-2.67 0.89
BMI [kg/m?] 1.03 0.96-1.09 0.44 1.07 0.99-1.16 0.10
Smokers 1.10 0.56-2.17  0.78 1.03 0.43-2.48 0.94
Diabetes 1.04 0.57-1.92  0.90 0.96 0.44-2.08 0.92
Cardiovascular disease 2.62 0.97-7.09  0.06 1.82 0.59-5.57 0.29
Lung disease 1.20 0.61-2.35  0.60 2.12 0.86-5.21 0.10
Proteinuria>1+ 1.01 0.47-2.17  0.98 3.81 1.68-8.62 <0.01
eGFR <60 mL/min/1.73m?>  1.26 0.66-2.42 049 1.30 0.56-3.00 0.55

and OR 3.81; 95% CI 1.68-8.62, p<0.01, respectively)
(Tables 3 and 4). Reduced eGFR on admission was asso-
ciated neither with oxygen administration nor develop-
ing pneumonia in multivariate analysis (OR 0.84; 95%
CI 0.33-2.14, p=0.71 and OR 1.30; 95% CI 0.56-3.00,
p=0.55, respectively) (Tables 3 and 4). Additionally, in
a multivariate analysis, a greater ratio of oxygen admin-
istration was associated with older age and male gender
(OR 1.04;95% CI11.01-1.08, p=0.02 and OR 3.95; 95%
CI 1.19-13.07, p=0.03, respectively) (Tables 3 and 4).
We also analyzed the association between proteinuria and
various inflammation-related parameters (Supplementary
Table 1). Among these parameters, CRP (negative pro-
teinuria: 1.44 (0.53 to 4.35) vs positive proteinuria: 3.75
(1.51 to 9.88), p<0.01) and hematuria (negative pro-
teinuria: 29/124 (23.4%) vs positive proteinuria: 39/74
(52.7%), p<0.01) were associated with proteinuria on
admission. We also analyzed the association between
these parameters and outcomes (Supplementary Table 2).

Comparison of the value of renal parameters
on admission with those before admission
or at the time of discharge

Uric protein measured by the dipstick test on admission was
significantly more severe than those before admission (chi-
square, p<0.01, Fig. 2), and the percentage of patients with
proteinuria on admission was significantly higher than those
before admission (37.4% vs. 17.8%; chi-square, p<0.01,
Table 1). Similarly, eGFR on admission was significantly
lower than those before admission (chi-square, p <0.01,
Fig. 3), and the proportions of individuals whose eGFR is
under 60 mL/min/1.73 m* on admission were significantly
higher than those before admission (39.0% vs. 34.7%; chi-
square, p<0.01, Table 1). We also analyzed the association
between changes in proteinuria and patient outcomes (Sup-
plementary Table 3). The novel proteinuria was observed to
be associated with oxygen administration and pneumonia.
However, other groups were difficult to assess because of
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Fig.2 Changes in proteinuria.
Uric protein measured via the
dipstick test on admission was
significantly more severe than
those before admission (chi-
square, p<0.01)

Before admission

On admission

0%

Fig. 3 Changes in eGFR. EGFR
on admission was significantly
lower than those before admis-

sion (chi-square, p<0.01) Before admission

On admission

0%
B eGFR 2 90

their low frequency. Moreover, proteinuria at the time of
discharge was observed to be lower when compared to that
on admission (chi-square, p<0.01, Supplementary Fig. 1).

Subgroup analyses

In subgroup analysis, we assessed the association
between proteinuria and outcome among patients with
eGFR < 60 mL/min/1.73 m? and those with eGFR > 60 mL/
min/1.73 m?. In the analysis using renal parameters before
admission, proteinuria before admission was associated nei-
ther with oxygen administration nor developing pneumo-
nia both among patients with eGFR < 60 mL/min/1.73 m?
and those with eGFR > 60 mL/min/1.73 m? (Tables 5
and 6). In the analysis using renal parameters on admis-
sion, proteinuria on admission was not independently
associated with oxygen administration not among patients
with eGFR < 60 mL/min/1.73 m? but among those with
eGFR > 60 mL/min/1.73 m? (OR 3.28; 95% CI10.92-11.72,

@ Springer
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20%
H eGFR 60 to <90

40% 60%
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80% 100%

40%
m eGFR 30 to <60
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M eGFR 15 to <30

80%
meGFR<15

100%

p=0.07 and OR 4.86; 95% CI 1.22-19.38, p=0.03, respec-
tively, Tables 5). Conversely, proteinuria on admission
was independently associated with developing pneumonia
both among patients with eGFR < 60 mL/min/1.73 m? and
those with eGFR > 60 mL/min/1.73 m* (OR 6.45; 95% CI
1.78-23.35, p<0.01 and OR 3.65; 95% CI 1.06-12.58,
p=0.04, respectively, Tables 6).

Discussion

This study showed that underlying proteinuria before admis-
sion was not associated with the requirement for oxygen
administration and developing pneumonia. Nevertheless,
proteinuria on admission after the onset of COVID-19 was
associated with oxygen administration and developing pneu-
monia. Proteinuria on admission may reflect the intensity of
renal manifestations because the percentage of patients with
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proteinuria on admission was significantly higher than those
before admission.

According to our knowledge, this is the first study to
look at a connection between underlying proteinuria and the
severity of COVID-19. However, there are several studies
of the association between underlying reduced eGFR and
COVID-19 severity in non-dialysis-dependent CKD. For
example, the largest study from the United Kingdom at the
early phase of its epidemic reported that underlying reduced
eGFR was associated with COVID-19-related deaths
(adjusted hazard ratio 2.52 for patients with eGFR <30 mL/
min/1.73 m? and 1.33 for patients with eGFR 30-60 mL/
min/1.73 m?) [2]. A significant link between underlying
reduced eGFR and COVID-19-related mortality was also
demonstrated by other investigations [24-26]. Similarly, in
our study, reduced eGFR before admission was associated
with oxygen demand suggestive of severe COVID-19.

In-hospital mortality and the requirement for mechani-
cal ventilators, both of which are often used as outcomes
in previous relevant studies, were relatively rare in this
study [2, 24-26]. This is probably due to recent advances
in treatment, the widespread availability of vaccines, viral
mutations, and the efforts of our staff. Living guidance for
clinical management of COVID-19 by the World Health
Organization describes “signs of pneumonia” or “oxygen
saturation < 90%” as “severe”. Conversely, the severity
classification of Japanese clinical guidance for COVID-19
defines “oxygen administration required” or “SpO, <93%”
as “severity of Moderate II,” and “shortness of breath and
pneumonia findings” or “93% < Sp0O, <96%” as “severity
of Moderate 1.” Therefore, in this study, oxygen administra-
tion and developing pneumonia were included as outcomes
related to COVID-19 severity [27].

This study also showed that the value of renal param-
eters significantly worsened soon after infection than before,
which could be the direct and indirect effects of COVID-
19. Although there are several studies on changes in eGFR
before and after infection as those of prehospital AKI, no
studies have investigated changes in proteinuria [26, 28].
Note that the degree of their worsening may be affected by
the time from infection to diagnosis or hospitalization, which
may vary depending on the burden of medical care in each
country.

The next issue is the risk of proteinuria and reduced
eGFR on admission. Proteinuria before admission was not
associated with either oxygen administration or developing
pneumonia, but proteinuria on admission was associated
with both of them. We found that CRP and hematuria were
associated with positive proteinuria in various inflamma-
tion-related parameters. We also found that some of these
parameters were associated with severe clinical outcomes.
These results suggest that proteinuria has a relationship
with inflammation and the severity of COVID-19. Several

@ Springer

reports have also shown an association between proteinuria
on admission and COVID-19 severity [29-32]. Conversely,
it is also known that there is an association between reduced
eGFR on admission or prehospital AKI and COVID-19
severity [33-37]. Similarly, in this study, reduced eGFR
on admission was more associated with oxygen demand
than that before admission. Taken together, values of renal
parameters on admission appear to be more associated with
COVID-19 severity. We believe that the reason is that values
on admission may already reflect the intensity of COVID-
19 symptoms. Hence, the measurement of proteinuria, and
eGFR on admission would be informative for risk stratifica-
tion during hospitalization.

Intriguingly, proteinuria on admission appears to be more
closely associated with COVID-19 severity than reduced
eGFR. Moreover, vascular endothelial dysfunction, which
may be the primary pathophysiology of proteinuria, is
known to be associated with cytokine storm [12, 19, 20].
This fact could explain the strong association between pro-
teinuria and respiratory symptoms, such as oxygen admin-
istration and developing pneumonia [38—40].

This research had several limitations. First off, because
this research was conducted at a single facility in Japan,
genetic background, national medical systems, and the fea-
tures or circumstances of each hospital all have a significant
impact on the outcomes [41, 42]. Second, despite the current
recommendations for the use of quantitative measurement of
albuminuria for accurate CKD diagnosis, semiquantitative
measurements of proteinuria by dipstick test, which is less
sensitive but is still widely used in everyday clinical practice
because it is cheap, were employed in this study [43-45].
Third, in contrast to the description in the guidelines, CKD
patients are only identified using a single measurement for
proteinuria and a reduced eGFR without proof of chronicity,
which could result in overdiagnosis [46, 47].

Conclusions

There was no association between proteinuria before
admission and COVID-19 severity. However, proteinuria
on admission was associated with oxygen administration
and developing pneumonia. The percentage of patients
with proteinuria on admission was significantly higher than
those before admission. Although there have been several
reports that demonstrate the association between eGFR
(or proteinuria) at diagnosis of COVID-19 and COVID-19
severity, these variables are also impacted by the intensity
of COVID-19, and vice versa. Proteinuria and eGFR before
the onset of COVID-19 should be used as explanatory fac-
tors to investigate the impact of underlying CKD per se on
COVID-19 severity. We believe that it would be beneficial



Clinical and Experimental Nephrology (2024) 28:235-244

243

for future studies on proteinuria and CKD as well as risk
classification in COVID-19.
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