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Abstract

Introduction: This study aimed to explore the impact of comorbid hyperuricemia on disease severity in Japanese patients with coronavirus disease 2019
(COVID-19). This retrospective cohort study included patients with COVID-19 between July 2020 and February 2021.

Methods: We divided patients into mild, moderate, and severe groups according to the degree of disease severity. Clinical and biochemical parameters
on admission and comorbidities were compared between the mild and severe groups.

Results: We enrolled 146 patients in this study: 36 patients were allocated to the mild group, 96 to the moderate group, and 14 to the severe group.
The male sex, age, body mass index (BMI), systolic blood pressure, pulse rate, white blood cell counts, levels of serum urea nitrogen and uric acid
were significantly higher in the severe group than in the mild group (p<0.05), while lymphocyte counts and estimated glomerular filtration rate were
significantly lower (p<0.05). As for comorbidities, malignant tumor, diabetes mellitus, hypertension, chronic kidney disease (CKD), hyperlipidemia, and
hyperuricemia were associated with COVID-19 severity. Logistic regression analysis indicated that hyperuricemia was significantly positively associated
with the severity of COVID-19 independent of age, sex, BMI, comorbidities of diabetes mellitus, and malignant tumor. However, the association between
hyperuricemia and COVID-19 severity was eliminated by correction with hypertension or CKD.

Conclusion: These data suggested that comorbidities of hyperuricemia may indicate an increased risk of COVID-19 progression. Furthermore, patients
with hyperuricemia comorbidities may require careful and intensive multidisciplinary treatment for hyperuricemia and hypertension and/or CKD to
prevent progression of COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) caused by the severe disease, chronic obstructive pulmonary disease, and chronic kidney

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has rapidly disease (CKD) [3-6]. Conflicting reports exists on the association

spread worldwide, promoting the World Health Organization (WHO) between serum uric acid (UA) levels and severity of COVID-19.

to declare COVID-19 a pandemic and a public health emergency One study showed that hyperuricemia is an independent risk

[1]. As of 29 May 2022, WHO reported over 526 million confirmed factor for C.O\‘le-l.9jrelated de-ath [7]T while another foun-d that
COVID-19 cases. Furthermore, over six million COVID-19- hypouricemia is positively associated with COVID-19 severity [8].

related deaths have been identified around the world [2]. The high In addition, a U-shape phenomenon between serum UA levels and

contagiousness of SARS-CoV-2 and severity of COVID-19 are serious the COVID-19 severity has been reported [9]. The variability in the

challenges of this infectious disease results of previous studies may be attributed to the fluctuation of

serum UA levels at different times of measurement. Therefore, the

Several factors have previously been reported as severity risk aim of the current study was to investigate if and how comorbidity
factors of COVID-19, such as advanced age, obesity, hypertension, of hyperuricemia is associated with disease severity in Japanese
diabetes, smoking, malignancy, coronary heart disease, chronic liver patients with COVID-19.
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Materials and Methods
Patients

This study was conducted at Tokyo Womens Medical University
Hospital, Tokyo, Japan. The institutional ethics committee approved
the study protocol (approval #: 5612-R). In this retrospective cohort
study, adult Japanese patients with COVID-19 admitted to Tokyo
Women’s Medical University Hospital between July 2020 and February
2021 were included. The diagnosis of COVID-19 was confirmed when
the result of a real-time reverse-transcriptase polymerase-chain-
reaction assay for SARS-CoV-2 virus was positive. Information on
clinical and biochemical parameters on admission and comorbidities
were collected. The patients were divided into 3 groups based on the
degree of COVID-19 severity: mild (negative computed tomography
[CT] findings and saturation of percutaneous oxygen [SpO2] = 94%
on admission), moderate (positive CT findings or SpO2 <94% on
admission), and severe (requirement of admission to the intensive
care unit [ICU] or oxygen inhalation >10 L/h).

Data Collection

Data on patient characteristics, such as sex, smoking, alcohol
use, and comorbidities were retrospectively collected from medical
records. Clinical data were obtained on admission and laboratory data
were obtained within the first 24 hours of admission. Additionally,
clinical data such as body mass index (BMI), SpO2, blood pressure,
and pulse rate were collected. BMI was calculated as a person’s weight
in kilograms divided by the square of the height in meters. Blood cell
counts, urea nitrogen (UN), alanine aminotransferase, UA, c-reactive
protein (CRP), d-dimer, and creatinine were measured using

standard laboratory methods at our clinical laboratory. The estimated
glomerular filtration rate (eGFR) was calculated using the following
equation: eGFR (mL/min/1.73 m2) = 194 x creatinine—1.094 x
age—0.287 (x0.739, if female) [10]. The amount of oxygen required
and admission to the ICU were retrospectively followed up during the
hospitalized period from medical records.

Statistical Analyses

Data are expressed as the median with interquartile range (IQR).
Baseline characteristics between the mild and severe groups were
compared using the chi-squared or Fisher’s test. The correlation
between UA level and the odds ratio (OR) for COVID-19 severity
was investigated using Spearman’s rank correlation by calculating
the OR using the following formula: OR = (true positive rate/false
negative rate)/(false positive rate/true negative rate). Comorbidities
were compared by logistic regression analysis between mild and
severe groups and odds ratios for severity were calculated. Logistic
regression analyses were subsequently applied to compare the
strength of the relationship with the risk of COVID-19 severity
between hyperuricemia and age, male sex, BMI, malignant tumor,
diabetes mellitus, CKD, or hypertension. Patient characteristics,
antiviral treatment, and outcome were compared between the patients
with and without comorbidity of hyperuricemia using the Fisher’s test.
Significance was defined as p<0.05. All statistical analyses were carried
out using JMP pro version 15 (SAS Institute Inc., Cary, NC, USA).

Results

Patient Characteristics and Severity of COVID-19

Table 1 shows the characteristics of our COVID-19 patients upon

Table 1: Characteristics of COVID-19 patients on admission.

All patients (n=146) Mild group (n=36) Moderate group (n=96) Severe group (n=14) p-value*
Age (years) 42 (30-65) 28 (22-41) 46 (34-66) 66 (52-79) <0.0001
Sex (Male) 101 (70) 7(19) 67 (70) 1(93) 0.0188
BMI (kg/m?) 23 (21-26) 21(19-23) 23 (21-27) 24 (22-28) 0.0025
SpO, (%) 98 (96-98) 98 (97-98) 98 (96-99) 95 (93-98) 0.0017
sBP (mmHg) 119 (108-134) 110 (104-123) 120 (112-138) 124 (114-150) 0.0174
dBP (mmHg) 76 (68-86) 74 (66-82) 77 (70-88) 73 (62-92) 0.7212
PR (bpm) 84 (73-96) 79 (71-88) 84 (73-98) 94 (85-104) 0.0014
WBC (/uL) 5,065 (3,913-5,993) 5,490 (4,195-6,105) 5,813 (4,670-5,813) 6,125 (5,328-9,618) 0.0820
LYMP (/uL) 1,265 (927-1,611) 1,366 (995-1,827) 1,255 (956-1,556) 554 (411-1,378) 0.0011
NEUT (/uL) 3,049 (2,347-4,489) 3,146 (2,248-4,214) 2,914 (2,328-4,151) 4,852 (4,135-8,632) 0.0027
eGER (mL/min/1.73 m?) 78.7 (60.6-91.0) 85.6 (74.2-109.1) 77.6 (62.8-87.7) 35.7 (24.7-73.7) 0.0006
UN (mg/dL) 11.6 (9.3-15.8) 9.5(8.8-12.9) 11.7 (9.5-15.1) 23.2 (18.8-38.0) <0.0001
ALT (U/L) 23 (14-41) 15 (10-30) 30 (17-46) 21 (14-31) 0.3523
UA (mg/dL) 4.8 (4.0-6.2) 5.1 (4.3-6.5) 4.5(3.9-5.7) 6.6 (5.5-7.5) 0.0189
CRP (mg/dL) 1.1(0.2-4.2) 0.2 (0.1-0.8) 1.3 (0.3-4.9) 5.7 (3.5-12.7) <0.0001
D-dimer (ug/mL) 0.5 (0.5-0.6) 0.5 (0.5-0.5) 0.5 (0.5-0.6) 0.8 (0.5-2.6) 0.0004

Data are expressed as median (interquartile range), or n (%).

BMI: Body Mass Index; SpO,: Percutaneous Oxygen Saturation; sBP: Systolic Blood Pressure; dBP: Diastolic Blood Pressure; PR: Pulse Rate; bpm: Beats per Minute; WBC: White Blood Cell;
LYMP: Lymphocyte; NEUT: Neutrophil; eGFR: Estimated Glomerular Filtration Rate; UN: Urea Nitrogen; ALT: Alanine Aminotransferase; UA: Uric Acid; CRP: c-Reactive Protein.

*p-value: comparing mild versus severe groups.
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admission who were classified into the mild (n=36), moderate (n=96),
or severe group (n=14). Compared to those in the mild group, patients
in the severe group were older, more likely to be men, had a higher
BM]I, systolic blood pressure, pulse rate, white blood cell counts,
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Figure 1: Scattergram showing the relationship between serum uric acid level on admission
and odds ratio for severe COVID-19.

R2=0.5285, p<0.0001.

COVID-19: Coronavirus Disease 2019.

neutrophil counts, levels of serum UN, UA, and CRP, plasma d-dimer
levels, and had lower lymphocyte counts and eGFR. Figure 1 reveals
the scattergram showing the relationship between the serum UA level
on admission and the OR for severe COVID-19. There was a positive
linear correlation (R2=0.5285, p<0.0001).

Relationships between Comorbidities and Severity of
COVID-19

Table 2 shows the comorbidities of the COVID-19 patients
included in this study. Patients in the severe group presented a
higher complication rate of diabetes mellitus, CKD, hypertension,
and hyperuricemia than the mild group. There were no significant
differences in the complication rate of liver disorder, heart failure,
smoking, or alcohol use between the mild and severe groups.

Single correlation analyses showed that the serum UA level and
comorbidity of hyperuricemia were significantly correlated with
COVID-19 severity (Tables 1 and 2). Table 3 shows prevalences of
comorbidities in patients with or without hyperuricemia. Prevalences
of diabetes mellitus, CKD, heart failure and hypertension were
significantly higher in patients with hyperuricemia than those
without hyperuricemia. To determine whether the correlation
between comorbidity of hyperuricemia and COVID-19 severity
was independent of other factors, multiple regression analyses were

Table 2: Comorbidities of COVID-19 patients.

All patients (n=146) Mild group (n=36) Severe group (n=14) OR 95% CI p-value
Malignant tumor 11 (8) 0(0) 3(21) - - 0.0042
Diabetes mellitus 21 (14) 2(6) 6 (43) 12.75 2.16-75.30 0.0012
Chronic kidney disease 17 (12) 2(6) 10 (71) 42.50 6.76-267.07 <0.0001
Liver disorder 14 (10) 4(11) 2(14) 133 0.22-8.25 0.7564
Heart failure 2(1) 0(0) 1(7) - - 0.1053
Hypertension 33(23) 2(6) 10 (71) 42.50 6.76-267.07 <0.0001
Hyperuricemia 20 (14) 2(6) 8(57) 22.67 3.84-133.87 <0.0001
Smoking 88 (61) 26 (74) 8(57) 0.46 0.13-1.70 0.3089
Alcohol use 109 (76) 29 (83) 9 (64) 0.37 0.09-1.51 0.1593
Data are expressed n (%).
OR: Odds Ratio; CI: Confidence Interval.

Table 3: Comorbidities of COVID-19 patients with or without hyperuricemia.

All patients (n=146) With HU (n=20) without HU (n=126) OR 95% CI p-value
Severe COVID-19 14 (9%) 8 (40%) 6 (5%) 13.33 3.94-44.87 <0.0001
Malignant tumor 11 (8%) 2 (10%) 9 (7%) 1.44 0.29-7.23 0.6529
Diabetes mellitus 21 (14%) 6 (30%) 15 (12%) 3.17 1.06-9.51 0.0322
Chronic kidney disease 17 (12%) 13 (65%) 4 (3%) 56.64 14.61-219.60 <0.0001
Liver disorder 14 (10%) 3 (15%) 12 (10%) 1.68 0.43-6.56 0.4537
Heart failure 2 (1%) 2 (10%) 0 - - 0.0004
Hypertension 33 (23%) 14 (70%) 20 (16%) 12.37 4.25-36.02 <0.0001
Smoking 88 (61%) 11 (55%) 76 (61%) 0.77 0.30-2.00 0.5935
Alcohol use 109 (76%) 13 (65%) 95 (77%) 0.57 0.21-1.56 0.2657

Data are expressed n (%).

HU: Hiperuricemia; OR: Odds Ratio; CI: Confidence Interval.
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Table 4: Comparison of the relationship between COVID-19 severity and comorbidity of hyperuricemia and other parameters.

OR 95% CI P-value

Model 1 Hyperuricemia 11.35 1.20-107.42 0.0214
Age 8812.21 20.75-3742437.00 <0.0001

Model 2 Hyperuricemia 15.20 2.42-95.34 0.0011
Male sex 3.95 0.42-37.50 0.1832

Model 3 Hyperuricemia 19.74 2.88-135.51 0.0008
BMI 1.23 1.01-1.50 0.0131

Model 4 Hyperuricemia 20.40 3.19-130.43 0.0005
Malignant tumor 21057119.00 - 0.0260

Model 5 Hyperuricemia 28.59 3.95-206.85 0.0002
Diabetes mellitus 17.30 2.15-139.16 0.0044

Model 6 Hyperuricemia 231 0.18-33.95 0.5567
Hypertension 24.45 2.11-283.26 0.0053

Model 7 Hyperuricemia 0.00 - -

Chronic kidney disease 92522350.00 0.0041

OR: Odds ratio; CI: Confidence interval; BMI: Body mass index.

conducted (Table 4). Comorbidity of hyperuricemia was significantly
associated with COVID-19 severity independent of age (Model 1),
male sex (Model 2), BMI (Model 3), comorbidity of malignant tumor
(Model 4), and diabetes mellitus (Model 5), while the association
between hyperuricemia and severity of COVID-19 was eliminated
by correction with hypertension (Model 6) or CKD (Model 7). Table
5 shows relationships between COVID-19 severity and comorbidity
of hyperuricemia in all patients, patients without hypertension or
CKD. In all patients, the prevalence of comorbidity of hyperuricemia
was significantly higher in the severe COVID-19 group than the
mild COVID-19 group. However, the prevalence of comorbidity of
hyperuricemia were not significantly different between the two groups
when the patients were limited to those without hypertension or CKD.

Relationships between the Comorbidity of Hyperuricemia
and Treatment or Outcome of COVID-19

The treatment and outcome of COVID-19 was compared between
patients with and without comorbidity of hyperuricemia (Table
6). Regarding treatment with antiviral agents such as favipiravir,
ciclesonide, and remdesivir, treatment with favipiravir and remdesivir
was significantly higher in patients with comorbidity of hyperuricemia
than those without hyperuricemia. In addition, the rate of patients
who had severe COVID-19 or died of COVID-19 was significantly
greater in patients with comorbidity of hyperuricemia than those
without hyperuricemia.

Discussion

This study showed that patients with severe COVID-19 had a
higher serum UA level (Table 1) and higher incidence of comorbidity
of hyperuricemia (Table 2) than patients with mild COVID-19.
Comorbidity of hyperuricemia was associated with the risk for severe
COVID-19 independent of age, sex, BMI, comorbidity of malignant
tumor, and diabetes mellitus (Table 4). However, the association
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Table 5: COVID-19 severity and comorbidity of hyperuricemia in all patients, patients
without hypertension or chronic kidney disease.

All patients (n=146)

Mild (n=36) | Severe (n=14) | p-value* Odds Ratio 95% CI

HU 2 8 <0.0001 23.33 3.95-137.68

Without hypertension (n=112)

Mild (n=35) | Severe (n=4) p-value* Odds Ratio 95% CI

HU 1 0 0.7320 0 -

Without CKD (n=131)

Mild (n=35) | Severe (n=4) p-value* Odds Ratio 95% CI

HU 0 0 - - -

HU: Hyperuricemia; CKD: Chronic Kidney Disease.

*p-value: comparing mild versus severe groups.

Table 6: Treatment and outcome comparisons between patients with and without
comorbidity of hyperuricemia.

Patients without HU (n=124) | Patients with HU (n=20) | p-value
Treatment
Favipiravir 34(27) 17 (85) <0.0001
Ciclesonide 9(7) 3(15) 0.2450
Remdesivir 4(3) 5(26) 0.0002
Outcome
Severe COVID-19 6 (15) 8 (80) <0.0001
Death 1Q1) 3(15) 0.0003

Data are expressed as n (%).

HU: Hyperuricemia; COVID-19: Coronavirus Disease 2019.

between hyperuricemia and COVID-19 severity disappeared by
correction with hypertension or CKD (Table 4), suggesting that as a
risk factor of COVID-19 progression, comorbidity of hyperuricemia
may be confounded by hypertension and/or CKD.
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Hyperuricemia is more frequently observed in men and is caused
by aging, obesity, alcohol and purine body intake, hypertension and
reduced excretion due to kidney dysfunction [11]. These causes
may overlap with known risk factors of COVID-19 severity such as
male sex, advanced age, obesity, hypertension and CKD (5,6), while
some reports showed that hypertension is not a risk factor for severe
COVID-19 [12-14].

Previous studies have shown that hyperuricemia, hypertension, and
CKD are inseparable, and that the relationship between hyperuricemia
and kidney dysfunction is bidirectional [15]. The kidney eliminates 70%
of the body’s daily UA production. CKD and hyperuricemia coexist
because UA is excreted by the kidney and serum UA levels are negatively
associated with GFR [15], while hyperuricemia is an early detection
marker for renal dysfunction [16]. One possible mechanism by which
hyperuricemia causes renal dysfunction may be via the formation of UA
crystals in the renal tubules [17]. Hyperuricemia may also be involved in
hypertension [18-21]. These strong associations among hyperuricemia,
hypertension, and CKD may account for the phenomenon observed in
our study where the relationship between hyperuricemia and COVID-19
severity was eliminated by correction with hypertension or CKD.

Furthermore, inflammation plays a key role in the relationship
between UA and COVID-19 pneumonia. COVID-19 progresses to
severe acute respiratory syndrome (ARDS) via hyperinflammation
responses [22]. During ARDS, the abnormal generation of reactive
oxygen species (ROS) occurs and causes organ damage [23] which
may be counteracted by UAs strong antioxidant capabilities [24].
A recent study reported a higher incidence of severe COVID-19
symptoms in individuals with low serum UA levels [8], suggesting that
low serum UA levels may progress organ damage due to the reduction
in ROS scavenging. High UA levels were also associated with a high
incidence of severe COVID-19 [7]. Hyperuricemia is associated with
systemic inflammatory markers and also higher CRP levels [25], both
of which are observed in severe COVID-19 patients. Altogether, these
findings suggest that both low and high serum UA levels are associated
with severe COVID-19 [9]. In our study, serum UA levels were higher
in the severe group upon admission compared to the mild group
(Table 1); however, no U-shape association with UA and odds ratio for
COVID-19 severity was observed (Figure 1).

UA levels upon admission may also be modified by dehydration
and other factors. Favipiravir, an antiviral agent undergoing clinical
trials for the treatment COVID-19 in Japan, is known to elevate UA
levels [26]. We initially speculated that attending physicians may have
hesitated to prescribe favipiravir in patients with hyperuricemia to
avoid worsening both the condition and progression of COVID-19.
However, this was not the case because the rate of patients treated
with this agent was significantly higher in patients with comorbidity
of hyperuricemia than those without comorbidity of hyperuricemia.

This study has some limitations. First, the study was conducted
as a single center study and the sample size was relatively small.
Second, owing to the retrospective cohort design of the study, we
could not determine the causal relationship between hyperuricemia
or comorbidity of hyperuricemia and COVID-19 severity; therefore,
larger-scale prospective studies are needed to investigate this further.
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Conclusion

Overall, we demonstrated that serum UA levels upon admission
and comorbidity of hyperuricemia were associated with COVID-19
severity in Japanese patients, although the hyperuricemia comorbidity
association was confounded by hypertension or CKD. These data
suggest that comorbidity of hyperuricemia may indicate a risk of
COVID-19 progression. Furthermore, patients with hyperuricemia
comorbidity may require careful and intensive multidisciplinary
treatment for hyperuricemia and hypertension and/or CKD to prevent
progression of COVID-19.
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