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Despite recent accumulation on cardiovascular (CV) safety data on xanthine oxidase inhibitors (XOIs) 
among gout patients, assessment has been largely limited to macro- than micro-vascular disorders, 
prompting the investigation on the latter outcome. Therefore, we aimed to compare the risk of 
retinal microvascular disorders between allopurinol and febuxostat initiators among gout patients. 
Using the 2011–2019 Korean National Health Insurance service database, we conducted a cohort 
study on gout patients initiating allopurinol or febuxostat. The primary outcome was a composite of 
retinal microvascular disorders. After 1:1 propensity-score (PS) matching in non-diabetic (non-DM) 
and diabetic (DM) subgroups, pooled and subgroup-specific hazard ratios (HRs) and 95% confidence 
intervals (CIs) were reported, comparing allopurinol and febuxostat. We included 118,376 PS-matched 
pairs of febuxostat and allopurinol initiators (mean 57.3 years, 83.7% male; 89,642 pairs in non-DM 
and 28,734 pairs in DM subgroup). During a mean follow-up of 223 days, the incidence rate per 100 
person-years of the primary outcomes was 0.88 among allopurinol users and 0.93 among febuxostat 
users. The corresponding HR (95% CI) was 0.98 (0.83–1.15). The HR (95% CI) was 0.94 (0.76–1.15) in 
non-DM subgroup and 1.05 (0.80–1.39) in DM subgroup. The result for DM retinopathy also showed a 
similar risk (HR 0.86, 95% CI 0.67–1.11). In this large population-based cohort study on patients with 
gout, we did not find any difference in the risk of retinal microvascular disorders between allopurinol 
and febuxostat initiators.
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Gout is the most common inflammatory arthritis resulting from hyperuricemia1. Notably, patients with gout 
have a significantly higher risk of cardiovascular (CV) events compared to those without2. Although the 
mechanisms linking gout and the increased CV risk are not fully understood, the role of urate lowering therapy 
(ULT) in modifying the CV risk has been an issue of interest2.

The most commonly used ULTs are the xanthine oxidase inhibitors (XOIs) including allopurinol and 
febuxostat3,4. The CARES trial was the first randomized controlled trial (RCT) that compared the CV safety 
between these two XOIs with different urate lowering efficacy in high CV risk population5. Unexpectedly, the 
trial showed a higher risk of all-cause and CV mortality in the febuxostat than allopurinol group. However, 
subsequent FAST and ALL-HEART trials have shown neutral CV results between these two treatments or 
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between those receiving versus not receiving allopurinol6,7. Given these contradictory findings, this issue 
remains a topic of ongoing debate. Despite the high volume of interests on this issue, the CV endpoints of the 
contemporary studies, however, have mainly focused on macrovascular events such as myocardial infarction, 
stroke, and CV deaths, while little data are available for the microvascular events3–7.

Although macro- and micro-vascular disorders are interconnected showing a high concordance rate, the 
two CV diseases are distinctive entities in terms of the anatomical and structural damages and functional 
consequences8,9: they harbor different positions in the continuum of vascular damage. Recently, studies have 
reported an association between retinal microvascular disorders and gout/hyperuricemia. For example, patients 
with gout or hyperuricemia exhibit choriocapillaris flow deficit or lower retinal vessel density compared with 
those with normal serum uric acid levels when examined with optical coherence tomography angiography10,11. 
Also, epidemiologic studies have shown an association between gout and age-related macular degeneration12–14. 
Therefore, it would be necessary to generate more thorough information on the comparative CV effects of 
different XOIs by investigating microvascular end-points. To this end, we aim to compare the risk of retinal 
microvascular disorders between allopurinol initiators versus febuxostat in patients with gout.

Methods
Data source
We conducted a cohort study in patients with gout using the 2011–2019 Korean National Health Insurance 
service (KNHIS) database. The KNHIS is mandatory for all citizens in Korea, and the database contains 
longitudinal patient data from birth to death, including demographics, International Classification of Diseases, 
10th Revision (ICD10) diagnosis codes, procedures, pharmacy dispensing records, type of medical utilization 
(outpatient, inpatient, or emergency department)15. The Institutional Review Board of the Seoul National 
University Bundang Hospital approved this study and waived the need to obtain informed consent (No. X 2008-
628-902), based on the fully deidentified database. This study was conducted according to the principles set in 
the Declaration of Helsinki.

Study population
Figure 1 shows the study cohort selection process. Patients aged ≥ 40 years with ICD10 diagnosis codes of gout 
who initiated febuxostat or allopurinol were eligible (see Supplemental Table S1 for the ICD10 codes to define 
inclusion and exclusion criteria for study population). They were required free of any ULT use for at least 12 
months prior to the first dispensing date of either allopurinol or febuxostat (= index date). We excluded patients 
who had diagnoses of any choroid and retinal disorders including diabetic retinopathy, type 1 diabetes (T1DM), 
cancer, or chronic kidney disease during the 12-month pre-index period (= baseline period) (Supplemental Table 
S1). The patients were then, stratified into non-DM and DM subgroups according to the baseline T2DM status 
defined based on the presence and absence of ICD10 codes for T2DM. Those without ICD10 codes for T2DM 
but who used anti-diabetic drugs were excluded from the analysis. The pooled cohort was then constructed by 
combining DM and non-DM subgroups.

Outcomes
Due to the unique retinal vascular structure formed by arborizing microvasculature of capillary plexus, neo-
angiogenesis from pre-existing capillaries is a common complication of retinal disorders including diabetic 
retinopathy, retinal vascular occlusion, and age-related macular degeneration16–18. Thus, we defined the 
primary outcome as a composite of the retinal disorders that represent microvascular complications, which 
are defined as at least two occasions with the following ICD10 diagnosis codes: retinal vascular occlusions 
(H34.x), other retinal disorders encompassing retinal degeneration, hemorrhage, and other changes in retinal 
vascular appearances (H35.x), and other retinal disorders in diseases classified elsewhere (H36.8) including 
atherosclerotic retinopathy (see Supplemental Table S1 for the ICD10 codes used to define outcomes). The 
secondary outcomes were individual components of the primary outcome. We note that DM is more prevalent 
in gout patients than in the general population19, and that DM retinopathy might progress more in the presence 
of gout based on the common pathogenic mechanisms of oxidative stress from both conditions2,20,21. Therefore, 
DM retinopathy was investigated as a secondary outcome only in the DM subgroup (Supplemental Table S1).

Covariates
During the 365-day pre-index baseline period, we measured > 60 variables using the ICD10 codes, drug 
prescriptions, and healthcare use claims: patients’ demographics, index calendar year, common ophthalmic 
conditions (glaucoma, cataract), traditional CV risk factors (hypertension, diabetes, dyslipidemia) and CV 
diseases (angina, myocardial infarction, stroke, peripheral vascular disease), non-CV comorbidities (chronic 
obstructive pulmonary disease, asthma, liver disease, chronic kidney disease, osteoporosis), DM status and 
complications (retinopathy, neuropathy, nephropathy), medications for gout, DM, and other medical conditions, 
and healthcare service utilizations (Table 1). We also estimated a Charlson–Deyo score for multi-morbidities22. 
These covariates represent potential confounding factors that can affect retinal microvascular structure and be 
disproportionately distributed between the two treatment groups, thus were adjusted for by propensity-score 
(PS) matching.

Statistical analysis
To adjust for confounding, we used a 1:1 PS matching on > 60 covariates in each of non-DM and DM subgroups to 
generate a pooled main cohort. To estimate a PS, we constructed a multivariable logistic regression model within 
individual subgroups that included all of the covariates listed in Table 1 plus the index year. The covariate balance 
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between the two groups was evaluated by standardized mean differences: a balanced covariate distribution was 
considered achieved with a standardized mean difference of < 0.123.

In our primary as-treated analysis, patients were followed from the day after the index date to the first 
occurrence of the following events: outcome occurrence, death, administrative end of the database (31st 
December 2019), discontinuation of the index treatment, adding any other ULT agent over the index treatment. 
Drug discontinuation was defined as no dispensing within 90 days from the expected refill date. Patients who 
discontinued the study medication were followed up until the last expected refill date plus 30-day grace period. 
The expected refill date was calculated by adding days’ supply to the last dispensing date of the study medication. 
For the secondary intention-to-treat (ITT) analysis, we followed patients up to 365 days after the index date 
without censoring on drug switching, adding, or discontinuation.

Incidence rates (IRs) of primary and secondary outcomes were calculated per 100-person-years in the PS-
matched study populations. We used a Cox proportional hazard model estimating the pooled and subgroup-
specific hazard ratios (HRs) and 95% confidence intervals (CIs) comparing allopurinol and febuxostat24. We 
tested the proportional hazards assumption using the interaction term between treatment and follow-up time 
and the assumptions were not violated in any of the models. All analyses were performed using SAS 9.4 (SAS 
Institute) software.

Subgroup analysis
A subgroup of patients with a high CV risk at baseline was examined to compare allopurinol and febuxostat. The 
high CV risk subgroup was defined in accordance to the inclusion criteria of the representative CARES study 
that investigated the CV risk between allopurinol and febuxostat among gout patients at high CV risk: either 
men aged ≥ 50 years or women aged ≥ 55 years, who had at least one diagnosis of diabetes, angina, myocardial 
infarction, stroke, or peripheral vascular disease during the 1-year pre-index period5. The high CV risk subgroup 
was not stratified by DM status to avoid power attrition.

Fig. 1.  Study cohort selection process. Patients aged ≥ 40 years with ICD10 diagnosis codes for gout who 
initiated febuxostat or allopurinol were eligible for inclusion. Patients were required to be free of any urate-
lowering therapy for at least 12 months prior to the first dispensing date. Those with a diagnosis of any retinal 
disorders, type 1 diabetes (T1DM), cancer, or chronic kidney disease during the 12-month pre-index period 
were excluded.
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Pooled cohort Non-DM subgroup DM subgroup

Allopurinol
(n = 118,376)

Febuxostat
(118,376)

Allopurinol
(n = 89,642)

Febuxostat
(n = 89,642) Allopurinol (n = 28,734)

Febuxostat
(n = 28,734)

Demographics

 Index age, years 57.3 ± 12.5 57.3 ± 12.7 55.5 ± 12.0 55.5 ± 12.2 62.9 ± 12.4 62.9 ± 12.8

 Male, % 83.6 83.8 86.3 86.5 75.0 75.3

Index year, %

 2012 3.9 3.9 4.1 4.1 3.4 3.3

 2013 5.8 5.6 6.0 5.8 5.0 4.8

 2014 2.8 2.8 2.9 2.8 2.6 2.7

 2015 2.5 2.6 2.5 2.5 2.6 2.8

 2016 11.2 11.3 10.8 11.0 12.4 12.2

 2017 22.2 22.2 21.7 22.0 23.7 22.7

 2018 26.0 26.2 26.2 26.3 25.7 25.8

 2019 25.5 25.5 25.8 25.5 24.6 25.7

CV comorbidities, %

 Angina pectoris 8.6 8.6 6.0 5.9 16.9 17.1

 Atrial fibrillation 3.5 3.5 2.6 2.6 6.3 6.4

 Myocardial infarction 1.2 1.2 0.8 0.8 2.5 2.6

 Stroke 4.9 5.0 3.5 3.5 9.4 9.4

 Heart failure 5.5 5.6 3.7 3.8 11.0 11.3

 Hypertension 47.9 48.4 39.0 39.5 75.7 76.0

 Venous thromboembolism 1.3 1.2 0.9 0.9 2.4 2.3

 Peripheral vascular disease 12.4 12.6 9.5 9.6 21.5 21.8

Other comorbidities, %

 Hyperlipidemia 46.0 46.8 35.7 36.6 78.0 78.7

 Liver disease 34.9 35.7 27.4 28.1 58.4 59.1

 COPD 19.3 19.3 16.9 17.0 26.5 26.4

 Asthma 11.7 11.6 10.1 10.0 16.7 16.5

 Diabetic complications – –

  Nephropathy 1.7 1.7 0 0 7.0 6.8

  Neuropathy 3.5 3.4 0 0 14.3 14.1

 Renal stone 2.5 2.5 2.3 2.3 3.1 3.2

 Alcoholism 5.4 5.5 4.2 4.3 9.2 9.2

 Osteoporosis 6.8 6.8 5.0 5.0 12.2 12.3

Comorbidity score 1.2 ± 1.4 1.2 ± 1.4 0.8 ± 1.0 0.8 ± 1.0 2.6 ± 1.6 2.6 ± 1.6

Ophthalmologic conditions, %

 Cataract 5.4 5.5 3.7 3.7 6.9 7.0

 Glaucoma 6.8 6.8 5.4 5.4 7.7 7.7

Gout-related medication, %

 Colchicine 25.2 26.7 27.3 28.8 18.5 19.9

 Any NSAIDs 66.9 67.0 66.7 67.0 67.4 67.0

 Naproxen 8.7 8.8 8.4 8.6 9.5 9.5

 COX-2 inhibitors 8.5 8.6 6.9 7.0 13.4 13.5

 Opioids 8.8 8.8 7.6 7.6 12.8 12.6

 Any steroid use 59.1 59.6 58.9 59.6 59.5 59.6

Cumulative steroid dose, mg1 133.2 ± 394.5 132.7 ± 401.4 118.0 ± 313.9 118.2 ± 320.0 180.8 ± 575.3 177.9 ± 584.4

Other medications, %

 ACE inhibitor 39.2 39.8 31.6 32.2 62.8 63.6

 Beta blockers 15.2 15.4 11.9 12.0 25.7 26.1

 Calcium channel blockers 30.9 31.1 25.4 25.5 48.1 48.7

 Any diuretics 23.1 23.4 18.0 18.2 39.2 39.7

 Loop diuretics 7.8 8.0 5.2 5.2 16.0 16.4

 Nitrates 3.8 3.9 2.6 2.6 7.7 7.8

 Insulin 2.1 2.1 0 0 8.6 8.7

 Oral hypoglycemic agents 11.1 10.9 0 0 45.7 45.0

  Biguanide – – 0 0 32.9 33.6

Continued
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Results
Baseline characteristics
Figure 1 shows our study cohort selection process. A total of 405,445 new users (n = 321,365 without DM, 
n = 84,080 with DM) of allopurinol and 131,783 new users (n = 97,917 without DM, n = 33,866 with DM) of 
febuxostat were identified, who had no preexisting retinal diseases and were free of any ULT treatment at 
baseline. After PS-matching, 118,376 pairs of allopurinol and febuxostat initiators were generated (89,642 pairs 
from non-DM subgroup, 27,834 pairs from DM subgroup) with mean age 57.3 years and 83.7% male. The 
baseline covariates were well-balanced, showing standardized differences of < 0.1 for all covariates (Table 1). The 
mean age was 55.5 and 62.9 years in the non-DM and DM subgroup, respectively, with the proportion of males 
86.4% and 75.2%, respectively. In the DM than non-DM subgroup, a higher prevalence of CV risk factors and 
CV diseases was seen. The mean comorbidity index ± standard deviation (SD) was 0.8 ± 1.0 and 2.6 ± 1.6 in non-
DM and DM subgroup, respectively.

Risk of retinal microvascular disorders associated with allopurinol versus febuxostat
In pooled analyses, the IR per 100 person-years of the composite outcomes was 0.88 among allopurinol users 
and 0.93 among febuxostat users over 223 days of mean follow-up. The corresponding PS-matched HR (95% CI) 
was 0.98 (0.83–1.15) comparing allopurinol to febuxostat initiators (Table 2). In the non-DM subgroup, the IR 
per 100 person-years of the composite outcome was 0.77 among allopurinol users and 0.81 among febuxostat 
users, with a PS-matched HR of 0.94 (95% CI 0.76–1.15). In the DM subgroup, the IR of the composite outcome 
was 1.15 among allopurinol users and 1.26 among febuxostat users, which corresponded to a PS-matched HR 

Pooled cohort Non-DM subgroup DM subgroup

Allopurinol
(n = 118,376)

Febuxostat
(118,376)

Allopurinol
(n = 89,642)

Febuxostat
(n = 89,642) Allopurinol (n = 28,734)

Febuxostat
(n = 28,734)

  DPP4 Inhibitor – – 0 0 21.4 21.5

  GLP-1 Agonist – – 0 0 0.2 0.2

  SGLT2 Inhibitors – – 0 0 2.4 2.5

  Sulfonylurea – – 0 0 19.5 20.0

  Thiazolidinedione, TZD – – 0 0 3.3 3.3

  Meglitinide – – 0 0 0 0

  Repaglinide – – 0 0 0.1 0.1

  α-Glucosidase – – 0 0 1.4 1.4

  No. of oral hypoglycemic drugs – – 0 0 0.8 ± 1.1 0.8 ± 1.1

 Anti-arrhythmic drugs 4.0 4.0 3.1 3.2 6.6 6.6

 Anticoagulants 4.3 4.3 2.9 3.0 8.5 8.6

 Antiplatelets 16.7 16.7 12.1 12.2 30.9 31.0

 Statins 0.1 0.1 19.5 19.6 50.7 50.9

 Other lipid lowering drugs 27.0 27.2 4.8 4.9 12.8 13.1

 Proton pump inhibitor 6.7 6.8 25.9 26.1 36.9 37.5

 H2 blocker 28.6 28.9 45.1 45.5 54.1 54.1

 Bisphosphonate 47.3 47.6 2.1 2.0 4.9 5.0

 SERM 0.3 0.3 0.2 0.2 0.6 0.6

 Oral bicarbonate 0.8 0.8 0.7 0.6 1.2 1.1

 Calcium 3.4 3.4 2.7 2.7 5.3 5.4

 Erythropoietin 0.1 0.1 0.1 0.1 0.2 0.2

 Vitamin D 3.5 3.6 2.7 2.7 6.1 6.3

Healthcare service use, %

 Hospitalization 20.4 20.3 17.1 17.0 30.7 30.5

 ER visit 14.1 14.2 13.1 13.2 17.2 17.3

 Electrocardiogram ordered 31.5 31.7 26.2 26.3 48.3 48.5

 Echocardiogram ordered 0.3 0.3 0.2 0.2 0.7 0.7

 HbA1c ordered 14.6 14.3 3.7 3.7 48.7 47.7

 Lipid/cholesterol test ordered 34.3 34.2 28.0 28.2 53.9 52.9

 Serum creatinine test ordered 37.2 37.1 31.6 31.8 54.5 53.5

 Uric acid test ordered 39.9 39.8 37.2 37.4 48.2 47.2

Table 1.  Baseline characteristics of the propensity-score matched cohort and subgroups. Values are presented 
as either % or mean ± SD. 1Prednisolone equivalent dose. ACE angiotensin-converting enzyme, COPD chronic 
obstructive pulmonary disease, COX cyclooxygenase, CV cardiovascular, ER emergency room, HbA1c 
hemoglobin A1c, NSAIDs nonsteroidal anti-inflammatory drugs, SD standard deviation, SERM selective 
estrogen receptor modulator.
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of 1.05 (95% CI 0.80–1.39). The 1-year ITT results were similar showing a PS-matched HR of 0.93 (95% CI 
0.83–1.03) (Supplemental Table S2).

Risk of secondary outcomes associated with allopurinol versus febuxostat
Among the individual components of the primary outcome, other retinal disorders (ICD10 H35.x, including 
retinal degeneration, hemorrhage, and other changes in retinal vascular appearances) were most common 
(Table  2). In the non-DM subgroup, its IR was 0.69 for allopurinol users and 0.72 for febuxostat users, 
respectively (HR 0.98, 95% CI 0.78–1.22). Among the DM subgroup, its IR was 1.04 for allopurinol users and 
1.10 for febuxostat users, respectively (HR 1.05, 95% CI 0.78–1.41). Similarly, there was no significance in the 
risk of other secondary outcomes between the two treatment groups both in non-DM and DM subgroups. In the 
DM subgroup, the risk of new onset diabetic retinopathy was comparable between allopurinol and febuxostat 
users (HR 0.86, 95% CI 0.67–1.11).

Subgroup analysis
In the subgroup at high CV risk (see Supplemental Table S3 for their PS-matched covariate distribution), the IR 
of the composite outcome was 1.32 in allopurinol initiators and 1.33 in febuxostat initiators, with a HR (95% CI) 
of 1.08 (0.85–1.37) (Table 3). Consistent with the result from the main cohort, we also did not find any difference 
in the risk of secondary outcomes among the high CV risk subgroup.

Discussion
To our best knowledge, this study is the first large population-based cohort study to compare the risk of retinal 
microvascular disorders associated with allopurinol versus febuxostat treatment in patients with gout. Febuxostat 
treatment showed a similar IR of retinal microvascular disorders compared to allopurinol in patients with gout 
regardless of DM status. The results were consistent for individual secondary outcomes and among those at high 
CV risk.

The 2020 gout guideline from the American College of Rheumatology strongly recommends allopurinol 
as the first-line pharmacologic agent for ULT for all patient groups, including those with chronic kidney 
disease25. However, febuxostat had been a preferred treatment option based on the higher potency particularly 
in recalcitrant gout including those complicated by chronic kidney disease26,27, and also on a better safety 
against allopurinol hypersensitivity syndrome28,29. The prevalence of HLA-B*5801 positivity, a strong genetic 
risk factor for allopurinol hypersensitivity syndrome30, has been reported to be as high as 12.2% in Korea31, 
adding more preference to febuxostat. However, utilization of febuxostat tended to decline following the CARES 
trial32. Currently, its use recovered to constitute approximately half of the new ULT prescriptions in Korea after 
subsequent RCTs releasing null findings for CV risk of febuxostat33. In this context, more comprehensive CV 
safety data of the drug are warranted.

Allopurinol initiators Febuxostat initiators (Ref)

HR (95% CI)Events PY IR1 (95% CI) Events PY IR1 (95% CI)

Pooled cohort (118,376 PS-matched pairs)

 Primary outcome 543 61,890 0.88 (0.81–0.95) 775 83,196 0.93 (0.87-1.00) 0.98 (0.83–1.15)

 Secondary outcome 1 50 62,432 0.08 (0.06–0.11) 80 83,942 0.10 (0.08–0.12) 0.89 (0.52–1.53)

 Secondary outcome 2 487 61,943 0.79 (0.72–0.86) 684 83,284 0.82 (0.76–0.89) 1.00 (0.84–1.20)

 Secondary outcome 3 17 62,465 0.03 (0.02–0.04) 29 83,995 0.03 (0.02–0.05) 0.75 (0.28–1.98)

Non-DM subgroup (89,642 PS-matched pairs)

 Primary outcome 341 44,331 0.77 (0.69–0.85) 490 60,610 0.81 (0.74–0.88) 0.94 (0.76–1.15)

 Secondary outcome 1 35 44,645 0.08 (0.05–0.10) 47 61,065 0.08 (0.06–0.10) 0.94 (0.49–1.83)

 Secondary outcome 2 304 44,365 0.69 (0.61–0.76) 436 60,666 0.72 (0.65–0.79) 0.98 (0.78–1.22)

 Secondary outcome 3 10 44,673 0.02 (0.01–0.04) 17 61,095 0.03 (0.02–0.04) 0.38 (0.10–1.41)

DM subgroup (28,734 PS-matched pairs)

 Primary outcome 202 17,559 1.15 (0.99–1.31) 285 22,586 1.26 (1.12–1.41) 1.05 (0.80–1.39)

 Secondary outcome 1 15 17,787 0.08 (0.04–0.13) 33 22,877 0.14 (0.10–0.19) 0.80 (0.32–2.03)

 Secondary outcome 2 183 17,578 1.04 (0.89–1.19) 248 22,618 1.10 (0.96–1.23) 1.05 (0.78–1.41)

 Secondary outcome 3 7 17,792 0.04 (0.01–0.07) 12 22,900 0.05 (0.02–0.08) 1.67 (0.40–6.97)

 Secondary outcome 4 198 17,574 1.13 (0.97–1.28) 286 22,566 1.27 (1.21–1.41) 0.86 (0.67–1.11)

Table 2.  Risk of retinal microvascular disorders associated with allopurinol and febuxostat initiators. 1IR is 
per 100 person-years. CI confidence interval, DM diabetes mellitus, HR hazard ratio, IR incidence rate, PS 
propensity score, PY person-years. Primary outcome = composite of retinal microvascular disorders (secondary 
outcomes 1–3). Secondary outcome 1 (ICD10 H34.x) = retinal vascular occlusions. Secondary outcome 
2 (ICD10 H35.x) = other retinal disorders including retinal degeneration. Secondary outcome 3 (ICD10 
H36.8) = other retinal disorders in diseases classified elsewhere. Secondary outcome 4 (ICD10 E11.3, E12.3, 
E13.3, E14.3, and H36.0) = DM retinopathy.
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Although microvascular and macrovascular diseases share risk factors and often concur, differences exist8,9. 
For example, some T2DM patients develop macrovascular diseases alone, while others develop microvascular 
diseases34. Moreover, the UK Prospective Diabetes Study showed that the intensive glycemic control in T2DM 
exerted beneficial effects only for microvascular than macrovascular diseases35. Similarly, only microvascular 
than macrovascular diseases at baseline predict future major peripheral vascular diseases in T2DM36, and the 
burden of microvascular disease increases the risk of CV death independent of the traditional risk factors for 
macrovascular diseases in T2DM patients37. Based on these findings, micro- and macro-vascular disease should 
be independently assessed despite their similarities.

Our findings of a similar risk of retinal microvascular disorders between allopurinol and febuxostat groups 
are consistent with the aforementioned RCTs and recent well-designed observational studies reporting a null 
finding for macrovascular CV diseases regardless of different ULT3,4,6,7. Due to the concordance and similarities 
in risk factors of microvascular and macrovascular disorders8,9, it is not surprising that the results are consistent 
between them. However, our findings provide more assuring CV safety data for different ULTs among gout 
patients. In particular, this information could be useful for the physicians’ decision making for gout patients 
whose ethnic backgrounds indicate a relatively higher risk for allopurinol hypersensitivity syndrome.

The strengths of this study are as follows. First, to the best of our knowledge, it is the first study to compare the 
risk of retinal microvascular safety of allopurinol and febuxostat among patients with gout. Second, we examined 
comprehensive analyses on individual components of the primary outcomes and on subgroups stratified by the 
presence of T2DM or underlying CV risk status, only to observe consistent results. Third, we used a nation-wide 
database, ensuring high generalizability of the study findings.

There are also limitations. First, retinal microvascular outcomes were identified by ICD10 diagnostic codes, 
raising concerns for misclassification bias. However, the accuracy of ICD10 diagnosis codes for ophthalmic 
diseases including DM retinopathy and macular edema was found to be high with a positive predictive value of 
> 90%38–40. Second, as an observational study that used health insurance database, direct information on disease 
severity (e.g., uric acid or HbA1c levels) could not be ascertained, leaving concerns for residual and unmeasured 
confounding. However, to avoid this, we implemented an active comparator new user design, which is known for 
its advantage to cope with both measured and unmeasured confounding41. Also, we used extensive PS-matching 
that balanced many proxy variables for gout and DM severity (use of ULTs, NSAID, and steroid, cumulative 
steroid dose, use of DM medications, the presence of DM complications, and the prevalence of established CV 
diseases and CV risk factors).

In conclusion, we did not find clinically meaningful difference in the risk of retinal microvascular disorders 
between allopurinol and febuxostat. We believe this study offers valuable clinical insights on drug safety when 
selecting ULT agents for patients with gout. Further investigation with additional endpoints may be needed to 
fully understand the long-term safety of both treatments.

Data availability
Patient-level data are not publicly allowed according to Data Use Agreement. Aggregate-level data can be re-
quested to the corresponding author.
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