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ABSTRACT

This retrospective cohort study aimed to compare coronavirus disease 2019 (COVID-19)-
related clinical outcomes between patients with and without gout. Electronic health record-
based data from two centers (Seoul National University Hospital [SNUH] and Boramae
Medical Center [BMC]), from January 2021 to April 2022, were mapped to a common

data model. Patients with and without gout were matched using a large-scale propensity-
score algorithm based on population-level estimation methods. At the SNUH, the risk for
COVID-19 diagnosis was not significantly different between patients with and without gout
(hazard ratio [HR], 1.07; 95% confidence interval [CI], 0.59-1.84). Within 30 days after
COVID-19 diagnosis, no significant difference was observed in terms of hospitalization (HR,
0.57; 95% CI, 0.03-3.90), severe outcomes (HR, 2.90; 95% CI, 0.54-13.71), or mortality (HR,
1.35; 95% CI, 0.06-16.24). Similar results were obtained from the BMC database, suggesting
that gout does not increase the risk for COVID-19 diagnosis or severe outcomes.

Keywords: Gout; COVID-19; SARS-CoV-2; Observational Study

Patients with autoimmune inflammatory rheumatic diseases are at higher risk for
coronavirus disease 2019 (COVID-19) diagnosis, hospitalization and worse outcomes
compared with the general population.! Gout is the most common inflammatory arthritis
among adults worldwide.2 However, the association between gout and the susceptibility to
and severity of COVID-19 remains unclear.35 This uncertainty arises from two key factors
contributing to the risk for COVID-19 in patients with gout: the indirect impact of metabolic
comorbidities, and the direct effect of gout itself, which often leads to a hyperinflammatory
state.6 Moreover, unlike other autoimmune inflammatory conditions, gout has not been
thoroughly investigated in the context of COVID-19. Therefore, this study aimed to evaluate
the association between gout and the diagnosis and outcomes of COVID-19 in South Korea,
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using the Observational Health Data Sciences and Informatics’ Common Data Model
(OHDSI-CDM) data.

This multicenter, retrospective, observational cohort study used data collected from two
electronic health record (EHR)-based databases in two centers in South Korea, Boramae
Medical Center (BMC) and Seoul National University Hospital (SNUH), from January 2021

to April 2022. Both EHR-based databases were standardized to the Observational Medical
Outcomes Partnership-CDM, version 5.4, covering the years from 2004 to 2022 at SNUH

and from 2010 to 2022 at BMC. The study design was established through collaboration
between clinicians and data scientists, using the cohort definition feature of the CDM ATLAS
platform. Data analysis was conducted using the CohortMethod R package. This package was
executed separately for each database, and predefined statistical results without patient-level
information were shared.

Adult patients aged 18 years or older were identified into two groups: those with a history of
gout (the gout group) and those without a history of gout (the non-gout group) throughout
the study period. The diagnosis of gout was ascertained using diagnosis codes obtained
through concept ID codes within the CDM database. Detailed concept ID codes are included
in Supplementary Table 1 for reference. The index date was defined as the first visit to each
center during the study period. Individuals enrolled in the database for less than one year
before the index date were excluded. In addition, patients with a history of COVID-19 at

any time before the index date were also excluded. Clinical outcomes of interest included
COVID-19 diagnosis, defined as either positive COVID-19 laboratory test results or specific
COVID-19 diagnosis codes, as well as hospitalization, severe outcomes (defined as the use of
mechanical ventilation, tracheostomy or extracorporeal membrane oxygenation), and death
within 30 days of COVID-19 diagnosis. These outcomes were also identified using concept
ID codes in the CDM database (Supplementary Table 1). To estimate propensity scores

(PS), regularized logistic regression models that incorporate more than 20,000 baseline
variables between individuals with and without gout were used.” The variables in each
database included demographics, diagnostic codes, medication records, procedures, device
exposure, measurements, and visit count data. The study population was matched using 1:5
PS matching as the primary analysis to assess the association between gout and COVID-19.
Cox proportional hazard regression models were used to calculate hazard ratios (HRs) with
corresponding 95% confidence intervals (CIs). Kaplan-Meier curves for COVID-19 diagnosis
were compared between the two groups using log-rank tests. The risk window commenced
1 day after the index date. Patients were censored when they were no longer included in the
database. As part of the sensitivity analysis, three additional PS adjustments were performed:
1:1 PS matching, and PS stratification using PS quintiles and deciles. All statistical analyses
were performed using R version 4.2.2 (R Foundation for Statistical Computing, Vienna,
Austria). A Pvalue of < 0.05 was considered to be statistically significant.

A total 0f 528,311 patients across the two facility databases were included in the analysis:
SNUH, gout (n = 2,515) and non-gout (n = 321,570); BMC, gout (n =1,053) and non-gout
(n=203,173) (Fig. 1). After 1:5 PS matching, the absolute standardized differences for all
baseline patient characteristics between the gout and non-gout groups were < 0.1 within each
database. Baseline characteristics of the study population before and after PS matching for
each database are summarized in Table 1 and Supplementary Table 2. The median follow-up
duration was 119 days for the gout group and 113 days for the non-gout group in the SNUH,
and 588 days for the gout group and 562 days for the non-gout group in the BMC.
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Fig. 1. Flowchart of the study population. (A) SNUH database; (B) BMC database.
SNUH = Seoul National University Hospital, BMC = Boramae Medical Center.
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In the BMC database, before PS matching, there were 23 COVID-19 diagnosis events in the
gout group and 3,049 in the non-gout group. The Kaplan-Meier curves for COVID-19 diagnosis
after PS matching at the BMC are presented in Fig. 2. The risk for COVID-19 diagnosis was not
significantly different between individuals with and without gout at both the SNUH (HR, 1.07;
95% CI, 0.59-1.84) and BMC (HR, 1.37; 95% CI, 0.84-2.17). Furthermore, even after various PS
adjustments, there was no significant difference in the risk for COVID-19 diagnosis between
individuals with and without gout in either database (Supplementary Table 3 and 4).

There was no significant difference in the risk for hospitalization within 30 days following
COVID-19 diagnosis between individuals with and without gout, as indicated by an HR of 0.57
(95% CI, 0.03-3.90) at the SNUH and 1.04 (95% CI, 0.30-2.84) at the BMC. The results of
sensitivity analysis for hospitalization with different PS adjustments were consistent with those
of the primary analysis (Supplementary Table 3 and 4). At the SNUH, the gout group exhibited a
tendency toward a higher risk for severe outcomes (HR, 2.90; 95% CI, 0.54-13.71) and mortality
(HR, 1.35; 95% CI, 0.06-16.24) within 30 days following COVID-19 diagnosis, although these
differences did not reach statistical significance. However, when using PS stratification with 5 or
10 strata, individuals with gout exhibited significantly higher risks for severe COVID-19 outcomes
compared to those without gout (5 strata: HR, 4.66, 95% CI, 1.36-12.27; 10 strata: HR, 4.22, 95%
CI, 1.1742.21). In the BMC database, there were no severe outcomes reported within 30 days of
COVID-19 diagnosis among the gout group. Individuals with gout did not have a significantly
different risk of mortality (HR, 2.60; 95% CI, 0.34-15.66) compared to those without gout.

In this retrospective cohort study, patients with gout did not exhibit a significantly different
risk for COVID-19 than those without gout. Furthermore, there were no significant
differences in the risk for hospitalization, severe clinical outcomes, or mortality due to
COVID-19 between individuals with and without gout. These findings were consistent across
different databases and sensitivity analyses using various PS adjustments.
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Table 1. Baseline characteristics of the study population in the Boramae Medical Center

Characteristics Before propensity score matching After 1:5 propensity score matching
Gout Non-gout Standardized Gout Non-gout Standardized
(n=1,023) (n =166,940) difference (n =909) (n=3,888) difference
Age group, %
15-19 0.1 0.9 -0.11 0.1 0.2 -0.03
20-24 1.3 2.9 -0.11 1.0 1.5 -0.04
25-29 1.9 4.4 -0.15 1.7 1.9 -0.02
30-34 4.7 4.9 -0.01 4.5 3.7 0.04
35-39 4.7 5.1 -0.02 4.2 3.8 0.02
40-44 8.1 6.1 0.08 7.5 6.6 0.03
45-49 7.1 6.8 0.01 7.2 6.3 0.03
50-54 8.9 8.1 0.03 8.9 8.5 0.02
55-59 8.8 8.8 0 8.5 8.7 -0.01
60-64 11.8 11.6 0.01 12.0 11.7 0.01
65-69 9.5 11.4 -0.06 9.8 12.0 -0.07
70-74 9.9 10.4 -0.02 10.5 10.8 -0.01
75-79 10.3 8.7 0.05 10.3 11.3 -0.03
80-84 8.0 6.2 0.07 8.7 8.3 0.01
85-89 3.9 2.7 0.07 4.2 3.5 0.04
90-94 0.9 0.8 0.02 1.0 0.9 0.01
95-99 0.1 0.1 -0.02 0.1 0.2 -0.03
Female, % 9.1 57.7 =12 10.3 8.3 0.07
Medical history, %
Acute respiratory disease 0.6 0.4 0.03 0.4 0.6 -0.02
Chronic liver disease 2.3 2.0 0.02 2.5 2.9 -0.02
COPD 2.6 1.0 0.12 2.6 2.6 0
Dementia 2.3 2.2 0 2.5 2.1 0.03
Depressive disorder 1.7 2.3 -0.04 1.5 2.1 -0.04
Diabetes mellitus 8.6 4.3 0.18 9.4 9.5 0
GERD 5.0 3.4 0.08 5.3 5.0 0.01
Gastrointestinal hemorrhage 0.5 0.2 0.04 0.4 0.5 -0.01
Hyperlipidemia 23.9 8.2 0.44 22.8 23.5 -0.02
Hypertension 38.9 10.4 0.7 37.5 40.2 -0.05
Lesions of liver 3.1 1.8 0.08 3.2 3.7 -0.03
Obesity 0.1 0.1 -0.01 0.1 0.1 0
Osteoarthritis 7.1 5.0 0.09 7.6 7.7 0
Pneumonia 1.2 0.8 0.04 1.4 1.3 0.01
Psoriasis 0.6 0.4 0.03 0.7 0.7 -0.01
Renal impairment 16.0 1.5 0.53 16.3 19.6 -0.09
Medication use, %
Agents acting on renin-angiotensin system 33.0 9.0 0.62 33.2 34.9 -0.04
Antibiotics 16.1 13.2 0.08 17.6 17.3 0.01
Antidepressants 8.3 5.4 0.11 8.6 8.2 0.01
Antiepileptics 10.3 8.7 0.05 11.2 11.9 -0.02
Anti-inflammatory and antirheumatic drugs 50.0 18.8 0.69 44.7 45.2 -0.01
Antineoplastic agents 10.0 6.6 0.12 10.8 11.1 -0.01
Antipsoriatics 0.9 0.4 0.07 1.0 1.1 -0.02
Antithrombotic agents 23.6 10.8 0.34 25.6 26.3 -0.02
Beta blocking agents 17.9 6.6 0.35 19.0 20.5 -0.04
Calcium channel blockers 32.6 10.0 0.57 3.7 35.1 -0.03
Diuretics 15.7 4.8 0.36 16.7 19.1 -0.06
Drugs for acid related disorders 36.5 25.4 0.24 37.8 39.3 -0.03
Drugs for obstructive airway diseases 19.1 9.6 0.27 17.6 17.7 0
Drugs used in diabetes 14.1 7.5 0.21 16.0 16.8 -0.02
Immunosuppressants 2.3 2.1 0.01 2.6 3.6 -0.06
Lipid modifying agents 39.2 14.9 0.57 40.2 43.0 -0.06
Opioids 21.3 13.1 0.22 22.6 23.1 -0.01
Psycholeptics 13.1 10.6 0.08 13.8 13.7 0
Psychostimulants, agents used for ADHD 0.8 0.9 -0.01 0.9 1.7 -0.07

COPD = chronic obstructive pulmonary disease, GERD = gastroesophageal reflux disease, ADHD = attention deficit hyperactivity disorder.
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Fig. 2. Kaplan-Meier plots for the risk of coronavirus disease 2019 diagnosis in a 1:5 propensity score-matched cohort of individuals with gout and those without
in the Boramae Medical Center database.

The association between gout and COVID-19 has been inconsistent, primarily because
individuals with gout often have multiple comorbidities or are predisposed to various

other medical conditions, including hypertension, myocardial infarction, stroke, obesity,
hyperlipidemia, type 2 diabetes mellitus and chronic kidney disease.45:8 In a recent study
that used Mendelian randomization analysis to establish unconfounded associations, gout
was genetically linked to a 4.6% higher risk for critically ill COVID-19.9 There was a trend
towards an increased risk of COVID-19 diagnosis and hospitalized COVID-19 in patients with
gout, but these associations did not reach statistical significance.? In this study, we used a
large-scale PS model with > 20,000 baseline characteristics of individuals with and without
gout to ensure balanced characteristics between the two groups. Consistent with a previous
Mendelian randomization study, individuals with gout did not exhibit an increased risk for
COVID-19 diagnosis or hospitalization due to COVID-19.

Interestingly, individuals with gout had a significantly increased risk for severe COVID-19
outcomes compared to those without gout in populations stratified into 5 or 10 strata using
PS. These findings suggest that gout itself may be associated with severe COVID-19 outcomes
rather than increased susceptibility to COVID-19. Hyperuricemia can induce epigenetic
reprogramming in immune cells, rendering them more responsive to inflammatory stimuli
and reinforcing a heightened state of chronic inflammation in gout.%10,11 Hence, in addition
to genetic factors and the influence of metabolic comorbidities, immune cells primed by
hyperuricemia in patients with gout may contribute to an exaggerated inflammatory response
to infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), potentially
leading to severe COVID-19 outcomes.® The disparity in results between PS stratification

and PS matching may be due to the extremely low occurrence of these outcomes, and in PS
matching, the smaller control group sample sizes might contribute to this difference.
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Strengths of our study include the inclusion of Korean cohorts, whereas previous studies
have primarily focused on Caucasian populations. This is important because COVID-19
outcomes vary depending on the geography and ethnicity of the affected population.12,13 A
previous study in the USA found that the overall odds of death from COVID-19 for non-Whites
were 22% higher compared to Whites. When stratified by SARS-CoV-2 variants, non-Whites
had 21%, 48%, and 19% higher odds of death than Whites during the alpha, delta, and
omicron periods, respectively. Additionally, the BMC, a hospital specializing in COVID-19
treatment in Seoul, South Korea, has treated a substantial number of COVID-19 patients,
resulting in a wealth of COVID-19 data. This study, however, also has several limitations.
First, the risk of death from COVID-19 was associated with SARS-CoV-2 strains, and the
proportion of individuals fully vaccinated.13 The strains of SARS-CoV-2 can be classified
based on the following time periods: alpha (January 2021 to May 2021), delta (May 2021

to November 2021), and omicron (December 2021 to April 2022). However, specific data
regarding COVID-19 vaccination is managed and provided by the government in South Korea,
rather than being within the purview of hospitals. As a result, we encountered challenges

in obtaining this information directly from the EHR-based database. Interestingly, male

sex was significantly associated with higher COVID-19 vaccine acceptance rates in the

general population, with 90% of the patients included in this study being male.4 On the
other hand, vaccination rates are suboptimal among patients with inflammatory arthritis.15
Therefore, further research is necessary to analyze data in conjunction with the national
database on COVID-19 vaccination. Moreover, healthcare professionals need to adopt a
strategic approach to restore trust in vaccines within this patient population. Secondly,
COVID-19 diagnoses were solely based on diagnosis codes or COVID-19 test results obtained
from each center, leading to the inclusion of only those patients diagnosed at SNUH or

BMC. Since a substantial number of COVID-19 diagnoses occurred outside these hospitals,
the study exhibited low COVID-19 incidence rates, resulting in a limited occurrence of
adverse outcomes and COVID-19-related deaths. Due to the restricted number of outcome
occurrences, it may not have been feasible to observe a significant difference between the two
groups. Third, the non-gout group may have included patients diagnosed with gout at other
hospitals. Nevertheless, this was likely to have had only a minimal impact on the results given
that both databases yielded similar findings.

In conclusion, individuals with gout did not exhibit an increased risk for COVID-19 or

experience worse COVID-19 outcomes than those without gout. Nevertheless, further research
investigating whether gout is associated with an elevated risk of severe COVID-19 is warranted.

Ethics statement
This study was approved by the Institutional Review Board (IRB) of the BMC (IRB No. 07-
2022-31). Requirements for informed written consent were waived due to the anonymized

nature of the databases. The study was conducted in accordance with the principles of the
Declaration of Helsinki.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
List of concept ID and definitions

https://doi.org/10.3346/jkms.2024.39.e37 6/7


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2024.39.e37&fn=jkms-39-e37-s001.doc

COVID-19 Outcomes in Korean Patients With Gout

JKMS

https://jkms.org

Supplementary Table 2
Baseline characteristics of the study population in the Seoul National University Hospital

Supplementary Table 3
Sensitivity analysis for the risk of COVID-19 diagnosis, hospitalization, severe COVID-19
outcomes and mortality in the Seoul National University Hospital database

Supplementary Table 4
Sensitivity analysis for the risk of COVID-19 diagnosis, hospitalization and mortality in the
Boramae Medical Center database
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