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In the original published version of this article, the Tables 1, In Tables 2, 3, 4, the units of incidence rate were not
2, 3, 4 should be corrected. In Table 1, the total number of stated and we have added the units "Weighted incidence rate
subjects after weighting was incorrect. Although the data  per 1000 person-years".

from all subjects (5270 in the ULT group and 146896 in the

Control group) was used, the mathematically correct num-  The corrected tables are shown as follows:

ber of subjects after weighting was 4472 for both groups.

The original article can be found online at https://doi.org/10.1007/
$10067-023-06710-9.
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Table 1 Baseline characteristics of each group before and after overlap weighting

Crude After overlap weighting
ULT Group (n = 5,270) Control Group (n SDif ULT Group (n = 4,472) Control Group  SDif
= 146,896) (n=4,472)
Sex (%) 80 (1.5) 5755 (3.9) 0.15 76 (1.7) 76 (1.7) 0.00
Age, mean (SD), y 47.7 (9.3) 41.9 (9.9) 0.61 47.2 (9.3) 47.2 (9.5) 0.00
BMI, mean (SD) 26.0 (4.1) 24.8 (3.8) 0.32 25.9 (4.0) 259 (4.2) 0.00
Systolic BP, mean (SD), mmHg 128.7 (15.9) 123.5 (15.0) 0.33 128.3 (15.8) 128.3 (16.2) 0.00
Diastolic BP, mean (SD), mmHg 82.1 (11.7) 77.2 (11.5) 0.42 81.7 (11.7) 81.7 (12.0) 0.00
Laboratory Data, mean (SD)
Baseline uric acid, mg/dL 8.1 (1.0) 7.5 (0.8) 0.62 8.0(0.9) 8.0(3.3) 0.00
LDL, mg/dL 129.6 (33.3) 129.8 (33.0) 0.00 130.1 (33.5) 130.1 (32.9) 0.00
HDL, mg/dL 55.6 (15.2) 56.5 (14.7) 0.06 55.7 (15.3) 55.7 (15.1) 0.00
TG, mg/dL 176.8 (144.2) 142.3 (112.5) 0.27 172.2 (132.7) 172.2 (158.3) 0.00
HbAlc, % 5.6 (0.7) 5.5(0.5) 0.28 5.6 (0.7) 5.6 (0.6) 0.00
eGFR, mL/min/1.73 m2 71.0 (15.1) 78.4 (13.7) 0.51 71.9 (14.9) 71.9 (12.9) 0.00
Comorbidity (%)
Liver disease 1229 (23.3) 15919 (10.8) 0.34 964 (21.5) 964 (21.5) 0.00
Hepatitis 276 (5.2) 3143 (2.1) 0.16 216 (4.8) 216 (4.8) 0.00
Dementia 1(0.0) 25 (0.0) 0.00 1(0.0) 1(0.0) 0.00
Arthritis 1277 (24.2) 5504 (3.7) 0.62 858 (19.2) 858 (19.2) 0.00
Fatigue 24.(0.5) 917 (0.6) 0.02 22 (0.5) 22 (0.5) 0.00
Gait abnormality 1(0.0) 50 (0.0) 0.01 1(0.0) 1(0.0) 0.00
Depression 218 (4.1) 6079 (4.1) 0.00 189 (4.2) 189 (4.2) 0.00
Sleep apnea 167 (3.2) 2562 (1.7) 0.09 133 (3.0) 133 (3.0) 0.00
COPD 22 (0.4) 636 (0.4) 0.00 20 (0.4) 20 (0.4) 0.00
Schizophrenia 43 (0.8) 933 (0.6) 0.02 37 (0.8) 37(0.8) 0.00
Substance abuse 37 (0.7) 1785 (1.2) 0.05 34 (0.8) 34 (0.8) 0.00
Medication (%)
Polypharmacy 527 (10.0) 9227 (6.3) 0.14 393 (8.8) 393 (8.8) 0.00
Statin 583 (11.1) 2892 (2.0) 0.38 420 (9.4) 420 (9.4) 0.00
Fibrate 237 (4.5) 538 (0.4) 0.27 141 (3.2) 141 (3.2) 0.00
Ezetimibe 65 (1.2) 240 (0.2) 0.13 43 (1.0) 43 (1.0) 0.00
Other lipid-lowering drug 17 (0.3) 111 (0.1) 0.06 12 (0.3) 12 (0.3) 0.00
a-blocker 41 (0.8) 183 (0.1) 0.10 27 (0.6) 27 (0.6) 0.00
f-blocker 140 (2.7) 806 (0.5) 0.17 100 (2.2) 100 (2.2) 0.00
Calcium channel blocker 619 (11.7) 3679 (2.5) 0.36 452 (10.1) 452 (10.1) 0.00
RAS inhibitor 957 (18.2) 5269 (3.6) 0.48 693 (15.5) 693 (15.5) 0.00
Insulin 21 (0.4) 163 (0.1) 0.06 15 (0.3) 15 (0.3) 0.00
Biguanide 94 (1.8) 883 (0.6) 0.11 75 (1.7) 75 (1.7) 0.00
Sulfonylurea 50 (0.9) 430 (0.3) 0.08 38 (0.8) 38 (0.8) 0.00
a-glucosidase inhibitor 38 (0.7) 257 (0.2) 0.08 26 (0.6) 26 (0.6) 0.00
DPP4 inhibitor 151 (2.9) 1095 (0.7) 0.16 110 (2.5) 110 (2.5) 0.00
GLP1 agonist 11(0.2) 46 (0.0) 0.05 8(0.2) 8(0.2) 0.00
SGLT?2 inhibitor 43 (0.8) 308 (0.2) 0.09 33(0.7) 33(0.7) 0.00
Other antidiabetes drug 8(0.2) 19 (0.0) 0.05 4(0.1) 4(0.1) 0.00

BMI body mass index, BP blood pressure, COPD chronic obstructive pulmonary disease, DPP4 dipeptidyl peptide-4, GLPI glucagon-like pep-
tide-1, HbAIc hemoglobin Alc, HDL high-density lipoprotein, LDL low-density lipoprotein, RAS renin-angiotensin system, SD standard devia-
tion, SDif standardized difference, SGLT2 sodium glucose transporter, 7G triglyceride
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Table 2 Association between

; Weighted incidence rate per 1000 HR (95% CI) P value
ULT and cardlo\./asc.ular. events person-years
after overlap weighting in
intention-to-treat analysis with ULT Group Control Group
complete cases
CVD composite 242 24.1 1.01 (0.89 to 1.13) 0.93
Coronary artery disease 8.4 9.1 0.92 (0.76 to 1.12) 0.42
Stroke 15.0 14.6 1.03 (0.89 to 1.20) 0.67
Atrial fibrillation 2.7 29 0.95 (0.68 to 1.33) 0.75
All-cause mortality 0.6 0.6 0.96 (0.47 to 1.96) 0.92
CVD cardiovascular disease, HR hazard ratio, ULT urate-lowering therapy
Table 3 Sensitivity analysis with various sUA cutoff points on index date and on follow-up date
Weighted incidence rate per 1000 person-years HR (95% CI) P value
ULT Group Control Group
Serum UA before ULT (on index date)
< 8.0 25.0 25.5 0.98 (0.84 to 1.15) 0.80
8.0<,<9.0 22.5 24.1 0.94 (0.75 t0 1.18) 0.58
9.0< 24.7 20.3 1.22 (0.90 to 1.64) 0.20
Serum UA after ULT (on follow-up date)
Cutoff 6.0
<6.0 28.1 25.2 1.11 (0.88 to 1.39) 0.38
> 6.0 23.6 242 0.98 (0.86 t0 1.12) 0.77
Cutoff 7.0
<170 24.8 25.2 0.98 (0.83 to 1.14) 0.77
>17.0 24.1 23.8 1.01 (0.86 to 1.19) 0.90
Cutoff 8.0
<8.0 23.8 24.8 0.96 (0.84 to 1.09) 0.53
> 8.0 26.1 22.4 1.17 (0.92 to 1.49) 0.20

HR, hazard ratio; UA, uric acid; ULT, urate-lowering therapy
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Tablefl Subgroup analygis Weighted incidence rate per 1000 person-  HR (95% CI) P value
investigating the interaction years
between ULT and other
variables on the primary ULT Group Control Group
outcome
Sex
Male 24.2 24.0 1.01 (0.89 to 1.13) 0.92
Female 279 25.6 1.09 (0.44 to 2.70) 0.86
Age
<40 13.6 15.5 0.89 (0.63 to 1.26) 0.51
> 40, < 60 26.4 24.7 1.07 (0.94 to 1.22) 0.33
> 60 32.0 46.5 0.69 (0.45 to 1.06) 0.09
DM
DM (+) 38.6 32.0 1.21 (0.83 to 1.75) 0.32
DM (-) 23.2 23.5 0.99 (0.87 to 1.12) 0.83
CKD
CKD (+) 32.7 30.6 1.06 (0.82 to 1.38) 0.65
CKD (-) 22.6 22.7 1.00 (0.87 to 1.14) 0.96
HT
HT (+) 29.3 29.2 0.99 (0.84 to 1.18) 0.94
HT (-) 232 23.5 0.99 (0.87 to 1.12) 0.83
Type of ULT
Allopurinol 24.7 26.0 0.94 (0.78 to 1.14) 0.54
Febuxostat 24.0 23.9 1.01 (0.83 to 1.22) 0.95
Topiroxostat 45.3 23.2 1.89 (1.18 to 3.03) 0.01
Benzbromarone 28.5 249 1.12 (0.82 to 1.53) 0.49

ClI, confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus; HR, hazard ratio; HT, hyper-
tension; ULT, urate-lowering therapy

The original article has been corrected.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.
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Abstract

Introduction/objectives To investigate the role of urate-lowering therapy (ULT) in the prevention of cardiovascular disease
(CVD) in patients with asymptomatic hyperuricemia using the Japanese healthcare record database.

Methods This retrospective cohort study used data from the JMDC Claims Database, which includes records of medical
check-ups and Japanese health insurance claims. Subjects aged at least 18 years with a serum uric acid (sUA) level > 7.0 mg/
dL and at least one medical check-up from January 2007 to August 2021 were included in this study. The exposure was
any ULT prescription, and the primary outcome included composite CVD outcomes, including coronary artery disease,
stroke, and atrial fibrillation. Analysis was performed with a new-user design and overlap weighting to balance the baseline
characteristics of the subjects. Cox proportional hazards models were used to investigate the association between ULT and
the development of CVD.

Results In total, 152,166 patients were included in the main analysis before overlap weighting in this retrospective cohort
study. The number of subjects in the ULT group was 5,270, and there were 146,896 subjects in the control group. Composite
CVD outcomes were observed in a total of 7,703 patients. The risk of developing composite CVD outcomes was not different
between the ULT group and the control group (HR: 1.01, 95% CI: 0.89 to 1.13).

Conclusions ULT for patients with asymptomatic hyperuricemia did not prevent the development of CVD based on the
Japanese claims database.

Key points

o Among subjects with asymptomatic hyperuricemia, ULT was not associated with a lower risk of CVD

o There was no appropriate cutoff for initiating ULT in patients with asymptomatic hyperuricemia

o There was no appropriate cutoff as the therapeutic goal of ULT in patients with asymptomatic hyperuricemia

Keywords Allopurinol - Cardiovascular risk - Epidemiology - Febuxostat - Gout - Hyperuricemia - Xanthine oxidase
inhibitor

Introduction

Cardiovascular diseases (CVDs) remain a main cause of
death worldwide [1]. An association between hyperurice-
mia and CVD has been reported in some studies, and this
association is observed even in younger generations [2—4].

P4 Koji Kawakami
kawakami.koji.4e @kyoto-u.ac.jp

Department of Pharmacoepidemiology, Graduate School
of Medicine and Public Health, Kyoto University,
Yoshida-Konoe-Cho, Sakyo-Ku, Kyoto 606-8501, Japan

Urate-lowering therapy (ULT) for patients with gout has
been implemented in many countries, and some studies
have reported efficacy in reducing the development of CVD
in patients with gout [5, 6]. However, it remains unknown
whether ULT can prevent CVD in patients with asymp-
tomatic hyperuricemia. In the European League Against
Rheumatism recommendations and the American College
of Rheumatism guidelines, there are no recommendations
regarding ULT for patients with asymptomatic hyperurice-
mia, and there is little evidence to support the use of ULT
for asymptomatic hyperuricemia [7, 8]. In contrast, ULT for
asymptomatic hyperuricemia is conditionally recommended
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in the Japanese Guideline on Management of Hyperuricemia
and Gout JGMHG), 3rd edition, for the prevention of life-
style-related diseases [9]. In this study, a Japanese healthcare
record database was used to assess the association between
ULT and CVD prevention in patients with asymptomatic
hyperuricemia. The objective of this study was to use a Japa-
nese healthcare record database to investigate whether ULT
in patients with asymptomatic hyperuricemia could reduce
the development of CVD.

Methods
Study population

This retrospective cohort study used data from the JMDC
Claims Database, which includes records of medical check-
ups and Japanese health insurance claims. The IMDC col-
lects data from various Japanese organizations that provide
health insurance coverage to employees and their depend-
ents. Health check-ups, which are not required for insured
persons, are conducted annually by insurers so that health
insurance societies can ascertain the health statuses of
insured persons. The database can also track each person’s
medical information, including when the patient visited or
was hospitalized at various types of medical institutions.
The database provides information on drug prescriptions,
diagnostic codes and medical check-up data, including sex,
blood pressure, body mass index (BMI), smoking status and
laboratory data, although the test items may vary depending
on the health insurer.

The study period was divided into three phases: the look-
back period, the index period and the follow-up period. The
index date was defined as the first medical check-up detect-
ing a serum uric acid (sUA) level > 7.0 mg/dL. The lookback
period was defined as 6 months prior to the index date. The
index period was approximately 1 year from the index date
to the date of the next check-up (follow-up date). The follow-
up period was defined as the period after the follow-up date
(Fig. 1).

Subjects aged at least 18 years with sUA > 7.0 mg/dL and
at least one medical check-up from January 2007 to August
2021 were included in this study. Subjects who met at least
one of the following exclusion criteria before the follow-up
date were excluded: subjects who could not be followed for
the six-month lookback period or one-year follow-up period,
subjects without serum creatinine values on the index date,
subjects who were diagnosed with composite CVD out-
comes defined in the “outcome” section, subjects diagnosed
with gout (M10) or a malignancy (C00-97, D00-09) before
the index date, subjects who were undergoing renal replace-
ment therapy or who were prescribed ULT (M04 except for
colchicine) before the index date (online supplementary
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Fig. 1 Definitions of the lookback period, index period and follow-up
period. ULT, urate-lowering therapy

Table S1) or subjects with missing covariate values in their
medical check-ups.

Exposure

The exposure of interest was whether ULT was prescribed
at least once; this was investigated using a new-user design
during the index period for each individual subject.

Outcome

The primary outcome was the composite of CVD outcomes,
which included coronary artery disease, stroke and atrial
fibrillation [4]. Secondary outcomes were all-cause mortal-
ity; this was extracted from the ledger of insured persons
in claims, coronary artery disease (I1210-4, 1219), stroke
(1600-11, 1613-6, 1619, 1629-36, 1638-9), and atrial fibril-
lation (1480-4, 1489).

Covariates

Information on age, sex, blood pressure, BMI, smoking
status, estimated glomerular filtration rate, hemoglobin,
LDL-cholesterol, HDL-cholesterol, triglyceride and HbAlc
were collected from medical check-up data on the index
date. Information on comorbidities (hypertension, arthritis,
depression, diabetes, atrial fibrillation, dementia, fatigue,
gait abnormality, posttraumatic stress disorder, sleep apnea,
liver disease, schizophrenia, substance abuse) (Online sup-
plementary Table S1) and prescriptions (angiotensin con-
verting enzymes, statins, nonstatin lipid-lowering drugs,
a-blockers, p-blockers, Ca-channel blockers, antidiabetic
drugs, diuretics and polypharmacy defined as 5 or more
drug classes) [10] were obtained during the lookback period
(online supplementary Table S1).

Statistical analysis

First, the patient characteristics of each group were described.
Continuous variables are reported as the mean and standard
deviation, and categorical variables are reported as numbers
and percentages. We created a propensity score using the covar-
iates for adjusting confounders and applied overlap weighting



Clinical Rheumatology (2024) 42:3075-3082

3077

to minimize the impact of extreme propensity scores on the
results [10—14]. Person-years of follow-up for each individual
were calculated from the index date to outcome occurrence,
the first disenrollment in the database or the end of the study
period. We fit Cox proportional hazards models with a robust
estimator to assess the association between ULT and outcomes.
The results are presented as hazard ratios (HRs) and 95% con-
fidence intervals (CIs). Intention-to-treat (ITT) analysis was
performed as the main analysis. In the ITT analysis, even if
crossover occurred, cases were not censored; rather, the patients
were followed until the end of follow-up based on the group to
which the patient originally belonged.

Four planned sensitivity analyses and one post hoc sen-
sitivity analysis were performed in this retrospective cohort
study. The first was an analysis changing the cutoff of SUA
on the index date. This analysis was carried out to explore
the appropriate cutoff of sSUA on the index date as an index
of treatment initiation. The second analysis was an analysis
changing the cutoff of SUA on the follow-up date. We per-
formed this analysis to investigate the best cutoff of SUA as
an index of treatment goal because little rationale has been
published regarding the cutoff value, and the research ques-
tion was taken from the JGMHG, 3rd edition [9]. The third
sensitivity analysis was an on-treatment analysis. During the
follow-up period, crossover was treated as a censored case
in the on-treatment analysis. Crossover from the ULT group
was defined as the 60-day absence of ULT prescription, and

crossover from the control group was defined as the starting
prescription of ULT. Fourth, a sensitivity analysis was per-
formed using the multiple imputation method for all explan-
atory variables that had missing data. Moreover, one post
hoc analysis with the model including alcohol consumption
status and exercise status was performed.

We also performed a subgroup analysis to investigate
the interaction between ULT and other variables on the
primary outcome. The subgroups were divided by type of
ULT (febuxostat, allopurinol, benzbromarone and topirox-
ostat) as well as the presence of hypertension, diabetes
(HbA1c<6.5%,>6.5% or prescription of antidiabetic drugs)
and chronic kidney disease (CKD) (< 60, > 60) among all
subjects and whether the sUA level dropped to 6.0 mg/dL at
the next medical check-up among the ULT group. P values
with a two-sided test were reported, and P <0.05 was con-
sidered to indicate statistical significance. R ver. 4.1.6 was
used to perform all statistical analyses.

Results
Participant characteristics
We identified 573,411 subjects whose sUA level was over

7.0 mg/dL on annual medical check-ups from January 2007
to August 2021. A total of 421,245 subjects were excluded

573,411 Patients with sUA > 7.0 mg/dl
aged > 18

A

192,504 Patients who were included in
intention-to-treat analysis

380,907 Excluded

121,972 Patients without six-month lookback period (451,439)
124,090 Patients without data on follow-up date (327,349)

40,168 Patients with CVD before index date (287,181)

9,191 Patients with Gout before index date (277,990)
52 Patients undergoing dialysis before index date (277,938)

26,260 Patients without SCr on index date (251,678)

48,446 Patients who have diagnoses of malignant tumor (203,232)

10,728 Patients prescribed ULT before index date (192,504)

y

40,338 Patients with missing data

who were included only in the sensitivity analysis
with multiple imputation method

152,166 Patients who were included in
complete-case analysis
as the main analysis

A A 4

5,270 Patients
in ULT group

146,896 Patients
in Control group

Fig.2 Flow diagram of case selection. CVD, cardiovascular disease; sUA, serum uric acid; sCr, serum creatinine; ULT, urate-lowering therapy
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Table 1 Baseline characteristics of each group before and after overlap weighting

Crude After overlap weighting
ULT Group Control Group SDif ULT Group Control Group SDif
(n=15,270) (n = 146,896) (n=4,472) (n=4,472)
Sex (%) 80 (1.5) 5755 (3.9) 0.15 76 (1.7) 76 (1.7) 0.00
Age, mean (SD), y 47.7(9.3) 41.9 (9.9) 0.61 47.2 (9.3) 472 (9.5) 0.00
BMI, mean (SD) 26.0 (4.1) 24.8 (3.8) 0.32 25.9 (4.0) 259 (4.2) 0.00
Systolic BP, mean (SD), mmHg 128.7 (15.9) 123.5 (15.0) 0.33 128.3 (15.8) 128.3 (16.2) 0.00
Diastolic BP, mean (SD), mmHg 82.1 (11.7) 77.2 (11.5) 0.42 81.7 (11.7) 81.7 (12.0) 0.00
Laboratory Data, mean (SD)
Baseline uric acid, mg/dL 8.1 (1.0) 7.5 (0.8) 0.62 8.0(0.9) 8.0 (3.3) 0.00
LDL, mg/dL. 129.6 (33.3) 129.8 (33.0) 0.00 130.1 (33.5) 130.1 (32.9) 0.00
HDL, mg/dL 55.6 (15.2) 56.5 (14.7) 0.06 55.7 (15.3) 55.7 (15.1) 0.00
TG, mg/dL 176.8 (144.2) 142.3 (112.5) 0.27 172.2 (132.7) 172.2 (158.3) 0.00
HbAlc, % 5.6 (0.7) 5.5(0.5) 0.28 5.6 (0.7) 5.6 (0.6) 0.00
eGFR, mL/min/1.73 m2 71.0 (15.1) 78.4 (13.7) 0.51 71.9 (14.9) 71.9 (12.9) 0.00
Comorbidity (%)
Liver disease 1229 (23.3) 15919 (10.8) 0.34 964 (21.5) 964 (21.5) 0.00
Hepatitis 276 (5.2) 3143 (2.1) 0.16 216 (4.8) 216 (4.8) 0.00
Dementia 1 (0.0) 25 (0.0) 0.00 1 (0.0) 1(0.0) 0.00
Arthritis 1277 (24.2) 5504 (3.7) 0.62 858 (19.2) 858 (19.2) 0.00
Fatigue 24 (0.5) 917 (0.6) 0.02 22 (0.5) 22 (0.5) 0.00
Gait abnormality 1(0.0) 50 (0.0) 0.01 1(0.0) 1(0.0) 0.00
Depression 218 (4.1) 6079 (4.1) 0.00 189 (4.2) 189 (4.2) 0.00
Sleep apnea 167 (3.2) 2562 (1.7) 0.09 133 (3.0) 133 (3.0) 0.00
COPD 22 (0.4) 636 (0.4) 0.00 20 (0.4) 20 (0.4) 0.00
Schizophrenia 43 (0.8) 933 (0.6) 0.02 37(0.8) 37(0.8) 0.00
Substance abuse 37 (0.7) 1785 (1.2) 0.05 34 (0.8) 34 (0.8) 0.00
Medication (%)
Polypharmacy 527 (10.0) 9227 (6.3) 0.14 393 (8.8) 393 (8.8) 0.00
Statin 583 (11.1) 2892 (2.0) 0.38 420 (9.4) 420 (9.4) 0.00
Fibrate 237 (4.5) 538 (0.4) 0.27 141 (3.2) 141 (3.2) 0.00
Ezetimib 65 (1.2) 240 (0.2) 0.13 43 (1.0) 43 (1.0) 0.00
Other lipid-lowering drug 17 (0.3) 111 (0.1) 0.06 12 (0.3) 12 (0.3) 0.00
a-blocker 41(0.8) 183 (0.1) 0.10 27 (0.6) 27 (0.6) 0.00
f-blocker 140 (2.7) 806 (0.5) 0.17 100 (2.2) 100 (2.2) 0.00
Calcium channel blocker 619 (11.7) 3679 (2.5) 0.36 452 (10.1) 452 (10.1) 0.00
RAS inhibitor 957 (18.2) 5269 (3.6) 0.48 693 (15.5) 693 (15.5) 0.00
Insulin 21 (0.4) 163 (0.1) 0.06 15 (0.3) 15(0.3) 0.00
Biguanide 94 (1.8) 883 (0.6) 0.11 75 (1.7) 75 (1.7) 0.00
Sulfonylurea 50 (0.9) 430 (0.3) 0.08 38 (0.8) 38 (0.8) 0.00
a-glucosidase inhibitor 38 (0.7) 257 (0.2) 0.08 26 (0.6) 26 (0.6) 0.00
DPP4 inhibitor 151 (2.9) 1095 (0.7) 0.16 110 (2.5) 110 (2.5) 0.00
GLP1 agonist 11 (0.2) 46 (0.0) 0.05 8(0.2) 8(0.2) 0.00
SGLT?2 inhibitor 43 (0.8) 308 (0.2) 0.09 33(0.7) 33(0.7) 0.00
Other antidiabetes drug 8(0.2) 19 (0.0) 0.05 4(0.1) 4(0.1) 0.00

BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary disease; DPP4, dipeptidyl peptide-4; GLP1, glucagon-like
peptide-1; HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RAS, renin-angiotensin system; SD, stand-
ard deviation; SDif, standardized difference; SGLT2, sodium glucose transporter; TG, triglyceride
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Table 2 Assogiati(?n between ] Weighted incidence rate HR (95% CI) P value

UJ_‘T and cardlo\./asc.ular‘ events per 1000 person-years

after overlap weighting in

intention-to-treat analysis with ULT Group Control Group

complete cases CVD composite 242 24.1 1.01 (0.89 to 1.13) 0.93
Coronary artery disease 8.4 9.1 0.92 (0.76 to 1.12) 0.42
Stroke 15.0 14.6 1.03 (0.89 to 1.20) 0.67
Atrial fibrillation 2.7 29 0.95 (0.68 to 1.33) 0.75
All-cause mortality 0.6 0.6 0.96 (0.47 to 1.96) 0.92

CVD, cardiovascular disease; HR, hazard ratio; ULT, urate-lowering therapy

because they met one or more of the exclusion criteria men-
tioned in the “Study Population” section. In total, 152,166
patients were included in this retrospective cohort study
(Fig. 2) for complete-case analysis as the main analysis,
while 192,504 patients were included for multiple imputa-
tion sensitivity analysis. The number of subjects in the ULT
group was 5,270, and there were 146,896 subjects in the
control group. The baseline characteristics of each group
before and after overlap weighting are described in Table 1.
Standardized differences after overlap weighting were

Table 3 Sensitivity analysis with various sUA cutoff points on index
date and on follow-up date

Weighted incidence rate HR (95% CI) P value

per 1000 person-years

ULT Group Control Group

Serum UA before ULT (on index date)

<8.0 25.0 25.5 0.98 (0.84to 0.80
1.15)
80<L,< 225 24.1 0.94 (0.75t0  0.58
9.0 1.18)
9.0< 24.7 20.3 1.22(0.90to  0.20
1.64)
Serum UA after ULT (on follow-up date)
Cutoff 6.0
<6.0 28.1 25.2 1.11 (0.88to  0.38
1.39)
> 6.0 23.6 242 0.98 (0.86to  0.77
1.12)
Cutoff 7.0
<17.0 24.8 25.2 0.98 (0.83to 0.77
1.14)
>17.0 24.1 23.8 1.01 (0.86t0  0.90
1.19)
Cutoff 8.0
<8.0 23.8 24.8 0.96 (0.84to  0.53
1.09)
> 8.0 26.1 224 1.17(0.92to 0.20
1.49)

HR, hazard ratio; UA, uric acid; ULT, urate-lowering therapy

balanced for all measured covariates. The mean follow-up
period was 38.7 (interquartile range: 12.1 to 58.0) months.

Primary outcome

Composite CVD outcomes were observed in a total of
7,703 subjects. The risk of developing composite CVD
outcomes was not different between the ULT group and the
control group (HR: 1.01, 95% CI: 0.89 to 1.13) (Table 2).
The risk of mortality for each CVD outcome, including
coronary artery disease, stroke and atrial fibrillation, was
not different between the two groups.

Sensitivity analysis

We performed sensitivity analyses that changed the cutoff of
sUA on the index date as the index of treatment initiation and
used the follow-up date as the therapeutic goal of ULT. No
associations between ULT and the development of CVD were
observed across all groups in either analysis using various cut-
off points (Table 3). In the on-treatment analysis, there was no
significant difference in the risk of developing CVD between
the ULT group and the control group (HR: 0.98, 95% CI: 0.83
to 1.15) (online supplementary Table S2). Moreover, no asso-
ciation was observed between the two groups for developing
CVD based on the multiple imputation sensitivity analysis (HR:
1.06, 95% CI: 0.77 to 1.35) (online supplementary Table S3).
In the post hoc analysis with the model including alcohol con-
sumption status and physical activity status, the results were
consistent with the results of the main analysis (HR: 0.96, 95%
CI: 0.84 to 1.09) (online supplementary Table S4-5).

Subgroup analysis

In the subgroup analysis, no associations were observed
between ULT and developing the CVD composite across
all groups except for the type of ULT. Subjects pre-
scribed topiroxostats had a higher risk of developing CVD
(Table 4).

@ Springer



3080 Clinical Rheumatology (2024) 42:3075-3082
Tablefl Subgroup analygis Weighted incidence rate HR (95% CI) P value
investigating the interaction per 1000 person-years
between ULT and other
variables on the primary ULT Group Control Group
outcome
Sex
Male 24.2 24.0 1.01 (0.89 to 1.13) 0.92
Female 27.9 25.6 1.09 (0.44 to 2.70) 0.86
Age
<40 13.6 15.5 0.89 (0.63 to 1.26) 0.51
> 40, < 60 26.4 24.7 1.07 (0.94 to 1.22) 0.33
> 60 32.0 46.5 0.69 (0.45 to 1.06) 0.09
DM
DM (+) 38.6 32.0 1.21 (0.83 to 1.75) 0.32
DM (-) 23.2 23.5 0.99 (0.87 to 1.12) 0.83
CKD
CKD (+) 32.7 30.6 1.06 (0.82 to 1.38) 0.65
CKD (-) 22.6 22.7 1.00 (0.87 to 1.14) 0.96
HT
HT (+) 29.3 29.2 0.99 (0.84 to 1.18) 0.94
HT (-) 23.2 23.5 0.99 (0.87 to 1.12) 0.83
Type of ULT
Allopurinol 24.7 26.0 0.94 (0.78 to 1.14) 0.54
Febuxostat 24.0 23.9 1.01 (0.83 to 1.22) 0.95
Topiroxostat 453 23.2 1.89 (1.18 to 3.03) 0.01
Benzbromarone 28.5 24.9 1.12 (0.82 to 1.53) 0.49
Cl, confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus; HR, hazard ratio; HT, hyper-
tension; ULT, urate-lowering therapy
Discussion In the subgroup analysis, there was a significantly higher

In the analysis of the overlap weighted cohort of 152,166
subjects with an sUA of 7.0 mg/dL or more, we did not
find any association between ULT and the development of
CVD. The results were consistent with those of the sensitiv-
ity analyses, such as analysis of various sUA cutoff points,
on-treatment analysis, and multiple imputation analysis. In
the subgroup analysis, subjects prescribed topiroxostat had
a higher risk of developing CVD.

Our findings were inconsistent with the results of pre-
vious studies investigating the impact of ULT on subjects
with gout [5, 6, 15]. Although a previous study reported
that compared to uricosuric drugs, allopurinol reduced
oxidative stress [16], in the present study, compared to
uricosuric drugs, allopurinol did not reduce the incidence
of CVD based on the subgroup analysis. Our results may
indicate that the suppression of CVD development in
gout patients may not be due to a reduction in oxidative
stress but may be due to the reduction in urate deposits
in vessels [17]. Therefore, the impact of ULT on reduc-
ing the development of CVD was small in patients with
asymptomatic hyperuricemia, who may have fewer urate
deposits in their vessels.

@ Springer

risk of CVD development in the topiroxostat group; how-
ever, because that was a subgroup analysis, this result should
be considered exploratory.

There were three strengths in the present study. First, the
sample size was large. It is generally difficult to collect data
for over one hundred thousand subjects with regular sUA
measurements. Moreover, we were able to utilize the data
of subjects who were prescribed ULT with asymptomatic
hyperuricemia because it is recommended in the Japanese
guidelines, unlike in other countries. The large sample size
allowed us to obtain highly accurate results with a narrow
95% CI. Second, we were able to use various types of covari-
ates in the present study. The confounders for developing
CVD, such as blood pressure, smoking status and comor-
bidities, were almost covered [18], and they were adjusted by
the overlap weighting method to investigate the association
between ULT and CVD development. Finally, we performed
various types of sensitivity analyses to confirm the validity of
our results. We assumed that the missing mechanism in the
present study was missing completely at random [19, 20] and
chose complete case analysis as the main analysis because
the missing data from the annual medical check-up system,
including test items that could not be chosen by insured
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persons, were supposed to be independent of the background
characteristics of the subjects. However, we also performed
the analysis with a multiple imputation method in the case
that the missing mechanism in the present study was missing
at random [19-21], and the result was consistent with that
of complete-case analysis. We also performed on-treatment
analysis as a sensitivity analysis, and the results did not differ
from those of the main analysis, which was assumed to be
an intention-to-treat analysis [22, 23]. Another type of sen-
sitivity analysis we conducted was an analysis with varying
sUA cutoff points. These were very important analyses in
the present study because there was not enough evidence to
determine the cutoff point of SUA for initiating treatment of
hyperuricemia or the cutoff point for targeting sUA treatment
[9]. From this analysis, we showed that there were no appro-
priate sUA cutoff points for preventing CVD development in
patients with asymptomatic hyperuricemia.

There were four limitations in this study. First, the popu-
lation was limited. Almost all subjects were male. The sam-
ple size of females in the present study was 1.7% after over-
lap weighting, which was much smaller than that of males,
and the confidence interval of the HR of females in the sub-
group analysis was much wider than that of males. Moreo-
ver, almost all subjects in the JMDC claims database were
Japanese, and the generalizability of these results to other
races is unclear. Second, this was a retrospective cohort
study. Although we were able to utilize various types of con-
founders in our analysis, there should be unmeasured con-
founding factors, such as ejection fraction or other unknown
confounders, between the ULT group and the control group,
which may influence the association between ULT and CVD
development [24, 25]. Third, we could not adjust for changes
in confounding factors during the follow-up period, such as
changes in statin use. Such changes may have some impact
on the development of CVD. Finally, although we applied
a new user design by providing a lookback period [26, 27],
there may be some subjects who were prescribed ULT prior
to the lookback period who could not be screened. Previous
ULT prescriptions in the control group may have reduced the
difference in CVD risk between the two groups.

Conclusion

In conclusion, for patients with asymptomatic hyperurice-
mia, ULT did not prevent the development of CVD based
on data from a Japanese claims database. The secondary
outcomes, including coronary artery disease, stroke, atrial
fibrillation and mortality, were also not associated with ULT.
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