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Purpose: The aim of the study was to identify the characteristics of patients infected with coronavirus disease 2019 (COVID-19) and
to determine risk factors for COVID-19 infection in Japanese patients.

Patients and Methods: We conducted a single-center retrospective observational study in Japanese adult patients (=20 years) who
visited Kenwakai Hospital (Nagano Japan). We analyzed data of 378 patients (mean age, 75 = 14 years; men, 54%) from the hospital’s
electronic information system. COVID-19 was diagnosed by polymerase-chain reaction. Patients were divided into 2 groups based on
diagnosis of COVID-19.

Results: Patients infected with COVID-19 showed significantly higher rates of men (69.8 vs 51.6%, P = 0.025) than uninfected
control patients. After adjustment for possible confounding factors, COVID-19 infection was significantly associated with BUN (odds
ratio [OR], 1.02; 95% confidence interval [CI], 1.01-1.03) and serum creatinine (Scr) (OR, 1.14; 95% CI, 1.05-1.24). This association
was observed in men (BUN, P = 0.012; Scr, P = 0.012), but not in women (BUN, P = 0.43; Scr, P = 0.54).

Conclusion: BUN and Scr are potential risk factors for infection of COVID-19 in Japanese patients, particularly in men. Our results
suggest that renal parameters might be important in Japanese male patients for the early detection of COVID-19 infection.
Keywords: adult patients, COVID-19, risk factors, kidney function, Japanese

Introduction

The coronavirus disease 2019 (COVID-19), which is caused by SARS-CoV-2, was first reported in Wuhan, China, in
December 2019." COVID-19 has become a worldwide pandemic, causing more than 5 million deaths as of October 2021.
COVID-19 infection causes not only respiratory disorder but also disease to other organs such as neurologic manifestations, loss
of smell and taste, and myositis.” The degree of severity ranges from asymptomatic or mild symptomatic symptom to critical
condition.? In addition, even a few months after recovery, more than one-third patients showed late-onset symptoms including
muscle aches, joint pains, or ataxia as well as defect of memory, depression, insomnia.*> Then, it is important to identify risk
factors related to COVID-19 infection.

In a report from Chinese center, age is one important risk factor for COVID-19 infection.® Importantly, age is also
associated with mortality of Chinese patients infected with COVID-19.° Gender difference is reported to be another risk
factor for COVID-19 infection in an Italian retrospective study.” A cohort study demonstrated that susceptibility to
COVID-19 infection had significantly higher risk in individuals with depressive disorder than those without it.* Ethnicity
is possible to be involved in susceptibility to COVID-19 infection. Black ethnic population shows more susceptible to
COVID-19.° This is partly because that they have a high percentage of abnormal expression of angiotensin-converting
enzyme 2 (ACE 2), which contributes to the host receptors for SARS-CoV-2. On the other hand, a meta-analysis showed
that ACE 2 polymorphism did not exhibit an association with COVID-19 infection risk.'® Few studies have examined the
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risk factor for COVID-19 infection in Japanese patients. Here, we present a retrospective analysis of clinical character-
istics of Japanese patients in an effort to identify risk factors associated with COVID-19 infection.

Materials and Methods
Subjects and Data Collection

This was a single-center retrospective observational cohort study, which was approved by the Ethics Committee of
Kenwakai Hospital (No. 2023004) and Osaka Medical and Pharmaceutical University (No. 2023-061) and was
conducted in accordance with the Declaration of Helsinki. We recruited eligible patients (>20 years) who visited
Kenwakai Hospital (Nagano, Japan) between 1 January 2019 and 28 February 2023. We excluded patients without
information of BMI, smoking status, or blood pressure (BP). Finally, the remaining 378 patients were included in the
present analyses (Figure 1).

In the daily practice, COVID-19 was diagnosed by polymerase-chain reaction (PCR). The electronic medical chart
was carried out to collect data of patients infected with COVID-19 and non-infected with it. Collected data comprised
demographical data, clinical laboratory data, diagnosis, and medication history. Patients were divided into 2 groups based
on diagnosis of COVID-19: patients infected with COVID-19 (n = 43) and those without it (n = 335). The renal function
was estimated by the following equation of estimated glomerular filtration rate (¢GFR)."'

eGFR = 194 x serum creatinine™"**x age™*2*7x 0.739(if female)

Statistical Analysis

Continuous variables were expressed as means + standard deviation (SD) or medians (interquartile ranges). The
significance was tested using the Student's #-test or the Mann—Whitney U-test. Categorical variables were expressed as
numbers (%) and compared using the chi-squared test. Odds ratios (ORs) and 95% confidence intervals (Cls) were
analyzed using logistic regression models. Significance was defined as a P value <0.05 (two-tailed). All statistical
analyses were performed using SPSS for Windows software (ver. 19.0; SPSS Inc., Tokyo, Japan).

Consecutive patients aged = 20 years
(n=522)

Patients excluded (n = 144):
* BMI not available (n = 58)
+ Smoking not available (n = 73)
* Blood pressure not available (n = 13)

Patients included in final
analysis (n = 378)

Figure | Flow chart describing the identification of the study cohort.
Abbreviation: BMI, body mass index.

442 https: Infection and Drug Resistance 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yoshida et al

Results

Patients’ Characteristics

A total of 522 adult patients visited to Kenwakai Hospital between 1 January 2019 and 28 February 2023. In accordance
with the inclusion criteria, 378 patients were eligible for the analysis cohort (Figure 1). The characteristics of patients are
shown in Table 1. In our study cohort, the mean age was 75 years and 54% were men. Regarding the type of
pharmacotherapy, 84 patients (22%), 147 (39%), 294 (78%), 54 (14%), 159 (42%), 5 (1.3%), 59 (16%), and 6 (1.6%)
received anti-diabetic drugs, anti-hyperlipidemic drugs, anti-hypertensive drugs, anticoagulant and antiplatelet drugs,
angiotensin II receptor blocker (ARB), angiotensin-converting enzyme (ACE) inhibitors, aspirin, or dexamethasone,
respectively. Among 378 patients, 43 (11.4%) were diagnosed with COVID-19 infection by PCR confirmed tests for the
SARS-CoV-2 virus.

Risk Factors Associated with COVID-19 Infection
As shown in Table 1, there were no significant differences in comorbidities, use of medications, and BP between patients
infected with COVID-19 and uninfected control patients. As for laboratory data, patients infected with COVID-19
exhibited significantly lower lactate dehydrogenase (LDH), eGFR, serum sodium, serum chloride, and high-density
lipoprotein (HDL) cholesterol and higher blood urea nitrogen (BUN), Scr, f2-microglobulin, and hematocrit (Hct) than
uninfected control patients.

Next, we analyzed multivariate logistic regression analysis of risk factors for COVID-19 infection (Table 2). The risk
for infection of COVID-19 was significantly increased in men (OR, 2.47; 95% CI, 1.18-5.16; P = 0.017), BUN (OR,

Table | Characteristics of Patients

Variables Total (n = 378) Covid (+) Covid (-) P-value
n=43 n =335

Age, years 75+ 14 74 + 14 75+ 14 0.94

Men, n (%) 203 (54) 30 (69.8) 173 (51.6) 0.025

BMI, kg/m? 22 +39 22 +38 22 +39 0.96

Smoking, n (%) 28 (7.4) 1 (2.3) 27 (8.1) 0.15

Comorbidities
Diabetes, n (%) 145 (38) 18 (42) 127 (38) 0.62
Heart failure, n (%) 98 (26) 14 (33) 84 (25) 0.29
Cerebral infarction, n (%) 85 (22) 10 (23) 75 (22) 0.90
Cerebral hemorrhage, n (%) 29 (7.7) 5(12) 24 (7.2) 0.22
Cancer, n (%) 53 (14) 6 (14) 47 (14) 0.99
Hypertension, n (%) 133 (35) 16 (37) 117 (35) 0.77
Dementia, n (%) 17 (4.5) 0 (0) 17 (5.1) 0.12
Pneumonia, n (%) 56 (15) 5(12) 51 (15) 0.53
Dialysis, n (%) 179 (47) 26 (60) 153 (46) 0.067

Medications
Anti-diabetic drugs, n (%) 84 (22) Il (26) 73 (22) 0.57
Anti-hyperlipidemic drugs, n (%) 147 (39) 17 (40) 130 (39) 0.93
Anti-hypertensive drugs, n (%) 294 (78) 32 (74) 262 (78) 0.57
Anticoagulant and antiplatelet drugs, n (%) 54 (14) 8 (19) 46 (14) 0.39
ARB, n (%) 159 (42) 19 (44) 140 (42) 0.77
ACE inhibitors, n (%) 5(1.3) 1 (2.3) 4 (1.2) 0.46
Aspirin, n (%) 59 (16) 10 (23) 49 (15) 0.14
Dexamethasone, n (%) 6 (1.6) 1 (2.3) 5 (1.5) 0.52

Systolic blood pressure, mmHg 139 + 24 140 + 24 139 + 24 0.67

Diastolic blood pressure, mmHg 77 £ 14 78 £ 16 77 £ 14 0.78

(Continued)
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Table | (Continued).
Variables Total (n = 378) Covid (+) Covid (-) P-value
n =43 n =335

Laboratory data
Serum Zn, pg/dL 68+ 16 69+ 18 68+ 16 0.76
Total protein, g/dL 64+ 0.6 6.3 £ 0.49 6.4 + 0.66 0.45
Albumin, g/dL 3605 35+ 044 3.6 £ 051 0.38
T-bil, mg/dL 0.6 £0.3 0.52 £ 0.26 0.57 £ 0.29 0.29
AST, U/L 20+ 19 18 £ 12 20 £ 20 0.067
ALT, U/L 16 £ 15 18 £ 21 16 £ 14 0.66
LDH, U/L 205 + 56 190 + 45 207 + 57 0.048
Uric acid, mg/dL 6.5+20 70+ 18 64 +20 0.077
BUN, mg/dL 39 £ 26 51 + 41 37 £ 24 0.020
Scr, mg/dL 5.1 +48 69 +£53 49 +£47 0.011
eGFR, mL/min/1.73 m? 36 + 34 27 + 32 37 £ 34 0.041
Serum sodium, mEq/L 140 £ 3.5 138 + 4.6 140 £ 3.2 0.037
Serum potassium, mEq/L 44 + 0.6 4.5 + 0.54 4.4 + 0.60 0.054
Serum chloride, mEq/L 104 £ 4.0 102 £ 4.2 104 £ 4.0 0.013
Total cholesterol, mg/dL 165 + 35 156 + 27 166 + 36 0.16
Triglyceride, mg/dL 125 + 86 130 £ 72 124 + 87 0.29
HDL cholesterol, mg/dL 55+ 18 47 £ 14 56 + 18 0.003
LDL cholesterol, mg/dL 95 + 28 95 +24 95 + 28 0.99
B2-microglobulin, mg/L 2674 28+70 25+74 0.016
Glucose, mg/dL 136 £ 46 143 £ 51 135 + 46 0.36
BNP, pg/mL 197 £ 350 290 + 501 185 + 325 0.25
WBC, 10%/uL 6.2 35 69 +£22 6.1 £3.7 0.2
RBC, 10%/uL 3.8 £ 0.65 38+ 061 3.8 £ 0.65 0.75
Hemoglobin, g/dL 12+ 1.8 12+ 1.7 12+£1.9 0.76
Het, % 35+45 36 + 4.4 35+45 0.039
PLT, 10%/uL 209 + 72 210 + 61 209 +73 0.9

Abbreviations: ACE, angiotensin-converting enzyme; ALB, albumin; ALT, alanine transaminase; ARB, angiotensin Il receptor blocker; AST, aspartate transami-
nase; BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; Hct, hematocrit; Ht,
hematocrit; LDH, lactate dehydrogenase; LDL, low density lipoprotein; HDL, high density lipoprotein; RBC, red blood cells; PLT, platelet; Scr, serum creatinine;

T-Bil, total bilirubin; TP, total protein; WBC, white blood cells; Zn, zinc.

Table 2 Multivariate Logistic Regression Analysis of Risk Factors for COVID-19

Variables Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value
Sex (Men) 2.16 (1.094.29) 0.028 2.47 (1.18-5.16) 0.017
Dialysis 1.82 (0.95-3.48) 0.07

AST, U/L 0.99 (0.95-1.02) 0.40

LDH, U/L 0.99 (0.99-1.00) 0.08

Uric acid, mg/dL 1.16 (0.98-1.37) 0.078

BUN, mg/dL 1.02 (1.01-1.03) 0.003 1.02 (1.01-1.03) 0.002
Scr, mg/dL 1.09 (1.02-1.16) 0.0l 1.14 (1.05-1.24) 0.002
eGFR, mL/min/1.73 m? 0.99 (0.98-1.00) 0.09

Serum sodium, mEq/L 0.89 (0.83-0.97) 0.008 0.90 (0.82-0.97) 0.008
Serum chloride, mEq/L 0.91 (0.84-0.98) 0.009 0.91 (0.84-0.98) 0.012
HDL cholesterol, mg/dL 0.97 (0.95-0.99) 0.006 0.96 (0.94-0.99) 0.003
B2-microglobulin, mg/L 1.06 (0.998-1.14) 0.059

Hct, % 1.08 (0.99-1.18) 0.082

Notes: Data are adjusted for age, BMI, smoking, use of antihyperlipidemic drug, use of antidiabetic drugs, and use of antihypertensive drugs.

Abbreviations: BUN, blood urea nitrogen; LDH, lactate dehydrogenase; OR, odds ratio; 95% Cl, 95% confidence interval.
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Men Women

OR (95%Cl) OR (95%Cl)
BUN - 1.02 (1.01-1.04) BUN n 1.01 (0.99-1.04)
Scr —a— 1.14(1.03-1.27) Scr — 1.06 (0.88-1.27)
Serum sodium —m 0.92 (0.82-1.03) Serum sodium —a— 0.84 (0.74-0.97)
Serum chloride —.— 0.94 (0.86-1.04) Serum chloride —a— 0.83 (0.72-0.96)
HDL cholesterol ™ 0.96 (0.92-0.99) HDL cholesterol - 0.98 (0.94-1.02)

| T 1 ! T 1

0.5 1 1.5 2 0.5 1 1.5 2

Figure 2 Odds ratios (ORs) and 95% confidence intervals (Cls) for the risk of COVID-19 infection. Data were adjusted for age, BMI, smoking status, use of
antihyperlipidemic drugs, use of antidiabetic drugs, and use of antihypertensive drugs. The solid squares are centered on the point estimate, and the horizontal lines
extending from squares represent 95% Cls.

1.02; 95% CI, 1.01-1.03; P = 0.002), and Scr (OR, 1.14; 95% CI, 1.05-1.24; P = 0.002) after adjustments for possible
confounding factor. Conversely, the risk for infection of COVID-19 was significantly decreased in serum sodium (OR,
0.90; 95% CI, 0.82—0.97; P = 0.008), serum chloride (OR, 0.91; 95% CI, 0.84-0.98; P = 0.012), and HDL cholesterol
(OR, 0.96; 95% CI, 0.94-0.99; P = 0.003).

Next, stratified analyses according to sex were performed (Figure 2). High values in BUN (OR, 1.02; 95% CI, 1.01-
1.04; P =0.012) and Scr (OR, 1.14; 95% CI, 1.03—-1.27; P = 0.012), and low value in HDL cholesterol (OR, 0.96; 95%
CI, 0.92-0.99; P = 0.015) were significantly associated with COVID-19 infection in men, but not in women (BUN, P =
0.43; Scr, P = 0.54; HDL cholesterol, P = 0.33). On the other hand, the risk of COVID-19 infection significantly
decreased along with increase in serum sodium (OR, 0.84; 95% CI, 0.74-0.97; P = 0.013) and chloride (OR, 0.83; 95%
CI, 0.72-0.96; P = 0.01) in women, but not in men (serum sodium, P = 0.13; serum chloride, P = 0.25).

Discussion

In the present study, we demonstrated that high levels in BUN and Scr were risk factors for COVID-19 infection after
adjusted for possible confounding factors (age, BMI, smoking, use of antihyperlipidemic drugs, use of antidiabetic drugs,
and use of antihypertensive drugs). In addition, the risk for COVID-19 infection significantly decreased along with
increase in serum sodium, serum chloride, and HDL cholesterol, and this significant association was unchanged even
after adjusting for possible confounding factors (age, BMI, smoking, use of antihyperlipidemic drugs, use of antidiabetic
drugs, and use of antihypertensive drugs). Of note, high levels in BUN and Scr were associated with COVID-19 infection
in men, but not in women. Low values in serum sodium and serum chloride in women and low value in HDL cholesterol
in men were more susceptible in COVID-19 infection. Thus, to the best of our knowledge, this is the first study to reveal
factors differently involved with COVID-19 infection by sex in Japanese patients and identify the potential relevance of
kidney function with COVID-19 infection in Japanese male patients.

Several studies have reported that advanced age, male, hypertension, diabetes mellitus, a history of cerebrovascular or
cardiovascular disease, chronic obstructive pulmonary disease, and cancer significantly contributed to prognosis of
COVID-19.">!3 Age is a significant factor affecting the susceptibility to COVID-19.'* A meta-analysis revealed that
patients aged over 70 years were at a higher risk of COVID-19 infection (relative risk, 1.65; 95% CI, 1.50-1.81)."> Our
study population consisted of elderly patients (75 + 14 years old), and we found that 11.4% of adult patients had COVID-
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19 infection. Elderly patients tend to be subjected with diabetes mellitus, take anti-hypertensive medications, and have
a history of cerebrovascular or cardiovascular diseases. In the present study, however, there were no significant
differences in these variables between two groups.

Our results showed that men were significantly related to COVID-19 infection. This is consistent with a meta-analysis
showed that men have a statistically significant higher risk of being diagnosed with COVID-19 than women (relative
risk, 1.08; 95% CI, 1.03-1.12)."> Of note, the risk factors for COVID-19 differed between men and women: high levels
in BUN and Scr were significantly associated with COVID-19 infection in men, but not in women. However, the exact
cause of kidney dysfunction remains unclear. One possible explanation is pre-existing chronic kidney disease (CKD).
Abnormal regulation of the innate and adaptive immune system is accelerated by CKD.'® As progression of CKD, many
patients require dialysis, which is related to persistent inflammation.'” Indeed, we found in the present study that the
prevalence of dialysis tended to be high rate of patients with COVID-19 (60%). It is possible that inflammation might
occur in CKD patients and such patients might be subjected with COVID-19 infection.

HDL-cholesterol modulates inflammation.'®'? Several studies have reported the association of HDL-cholesterol
with COVID-19 infection.?*' In addition, HDL-associated phospholipids, total cholesterol, and ApoA-I protein levels
are important determinants in discrimination between patients with COVID-19 pneumonia and non-COVID-19
controls. Consistent with these reports, our study showed that HDL-cholesterol is inversely associated with COVID-
19 infection even adjusted for possible confounding factors. Interestingly, this relationship was observed in men, but
not in women.

Hyponatremia occurs in approximately one-third of patients with pneumonia.** Hyponatremia in COVID-19 is
reported to be observed in patients at admission.”*** In addition, COVID-19 infection was detected in patients with
hyponatremia with an elevated risk for in-hospital mortality and sepsis.”>*® In the present study, we found that serum
sodium was significantly lower in patients with COVID-19 infection than uninfected control patients. This relationship
was observed in women, but not in men.

Our study revealed that there was no significant difference in serum Zn between patients infected with COVID-19 and
controls. Previous studies demonstrated that status of some micronutrients such as vitamins A, C, D, and E, as well as
copper (Cu), zinc (Zn), and selenium (Se) has been linked with COVID-19 infection and disease severity.27 Baarz et al
reported that six days of zinc supplementation in elderly zinc-deficient patients raised serum zinc level and suppressed
IL-2 expression, suggesting an improvement in immune function.”® Their results suggested that identifying those
individuals who might benefit from immediate zinc supplementation such as acute infection is important. The relation-
ship between zinc and COVID-19, including how zinc deficiency affects the severity of COVID-19 and whether zinc
supplements can improve clinical outcomes, is currently under investigation and recommends against using zinc
supplementation above the recommended dietary allowance for the prevention of COVID-19.%° Although one should
always consider the individual case, it can be deduced from current recommendations and risk assessments of the NIH,
European Food Safety Authority (EFSA), and other health authorities that it seems more beneficial for health to
constantly administer zinc in a low dose.**

Limitations

This study had some limitations. First, this was a retrospective study with a relatively small population. Second, all data
were from one hospital in Japan, so the findings may not be generalizable to other populations. Third, there is too large
a difference between the study groups which consisted of case group (n = 43) and control group (n = 335). Finally,
genetic factors could play a role in the COVID-19 infection, so future study will be needed to examine the effects of
different genetic variants on the diagnosis and severity of COVID-19 in patients.

Conclusion

In conclusion, we found that high levels of BUN and Scr were associated with COVID-19 infection in men, but not in
women. Low values of serum sodium and serum chloride in women and low value of HDL cholesterol in men were more
susceptible in COVID-19 infection. This is the first study to reveal factors differently involved with COVID-19 infection
by sex in Japanese patients and identify the potential relevance of kidney function with COVID-19 infection in Japanese
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male patients. Further studies are needed with larger populations to confirm our findings and to assess the utility of risk

factors for COVID-19 infection in Japanese patients.
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