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gout attacks in the early period of treatment in Korean patients with gout.

Background/Aims: The occurrence of gout attacks at the start of uric acid lowering treatment worsens compliance. We
aimed to determine the appropriate dose of febuxostat to reduce the occurrence of gout attacks during the initial treatment
period.

Methods: We retrospectively analyzed the data of patients diagnosed with gout who underwent treatment at Jeju National
University Hospital between May 2018 and May 2020.

Results: Two-hundred and twenty-seven patients were included, with a mean age of 53.2 + 16.4 years, and 219 (96.5%)
were male. The patients were divided into two groups according to the starting dose of febuxostat (20 mg vs. 40 mg). There
were no significant differences in mean age, disease duration, colchicine, estimated glomerular filtration rate (eGFR), initial
uric acid levels, and presence of subcutaneous tophi between the two groups. Gout attacks occurred more frequently in
the 20 mg group than in the 40 mg group during the first 3 months of treatment (32.0% vs. 14.3%, p = 0.002), particularly
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during the first month (21.3% vs. 7.5%, p = 0.005). Multivariate logistic regression analysis was conducted adjusting for the
effects of disease duration, the presence of subcutaneous tophi, eGFR, and initial uric acid levels. A febuxostat starting dose
of 40 mg (odds ratio, 0.464; 95% confidence interval [Cl], 0.246 to 0.862; p = 0.015) and anti-inflammatory prophylaxis (odds
ratio, 0.359; 95% Cl, 0.158 to 0.813; p = 0.014) were found to be independent factors associated with a gout attack.
Conclusions: Starting uric acid lowering treatment with febuxostat 40 mg rather than 20 mg may reduce the incidence of
gout attacks in the early period of treatment in Korean patients with gout.
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INTRODUCTION

Gout is the most common form of inflammatory arthritis
and its incidence is increasing due to dietary changes [1].
The goal of gout treatment is to reduce the frequency of
gout attacks and prevent complications, such as joint de-
formity due to tophi, kidney stones, renal failure, metabol-
ic syndrome, and coronary artery disease [2-6]. Treatment
guidelines and clinical specialists recommend starting treat-
ment with low-dose uric acid lowering agents [7,8]. Gout
attacks generally occur when there is an abrupt change in
serum uric acid levels [9], for example when starting uric
acid-lowering therapy [10]. Gout attacks occurring at the
beginning of therapy negatively affect patient adherence to
treatment. Furthermore, in the early stages of gout, there
is a long interval between gout attacks so many patients
voluntarily stop treatment [11]. However, discontinuation
of treatment is associated with an increasing frequency of
gout attacks and complications. Therefore, it is important
to prevent the occurrence of gout attacks in the early phase
of treatment so that patients adhere to the treatment regi-
men. This study aimed to determine the optimal febuxostat
dose to reduce the incidence of gout attacks during the ear-
ly phase of uric acid-lowering treatment in Korean patients
with gout.

METHODS

This hospital-based observational study was approved by
the Ethics Committee of the Institutional Review Board of
Jeju University Hospital (approval number 2021-11-005).
Written informed consent by the patients was waived due
to a retrospective nature of our study.
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Study design and patient selection

We retrospectively reviewed the data of patients attending
Jeju National University Hospital between May 2018 and
May 2020 with a diagnosis of gout and who continued
treatment for more than 3 months. The diagnosis of gout
was based on the 2015 American College of Rheumatology
(ACR) gout classification criteria [12]. Patients who started
uric acid lowering treatment with febuxostat were selected
for analysis. According to the treatment starting dose, pa-
tients were divided into two groups (20 mg vs. 40 mg). We
retrospectively analyzed patient medical records, medical
history, physical examination, and test results.

Definition and drug

In this study, a gout attack was defined as a gout flare in
a broad sense including a mobilization flare. Obesity was
defined as a body mass index (BMI) of 25 kg/m? or more
according to the criteria of the Korean Society for the Study
of Obesity [13]. Prophylaxis was defined as pharmacological
anti-inflammatory prophylaxis for the prevention of gout at-
tacks, and colchicine, nonsteroidal anti-inflammatory drugs,
and prednisolone were used for anti-inflammatory prophy-
laxis. The dose of febuxostat was increased if uric acid levels
of 6 mg/dL or less were not achieved at 1 and 3 months
after the start of treatment.

Data collection

Blood test results including the uric acid levels were ob-
tained by reviewing the medical records. At the time of di-
agnosis, comorbidity and disease duration were ascertained
from the patient medical history and waist circumference,
height, weight, and the presence of subcutaneous tophi
on physical examination were recorded. Estimated glomer-
ular filtration rate (eGFR) was calculated according to the
Chronic Kidney Disease Epidemiology Collaboration (CKD-
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EPI) equation. BMI was calculated using height and weight
measured at the time of diagnosis. Gout attacks occurring
after the start of treatment were confirmed by patients at
the outpatient visit.

Statistical analysis

Continuous variables were expressed as mean + standard
deviation, and nominal variables were expressed as fre-
quencies. The t test and the chi-squared test were used
to determine the significance of the differences between
the groups. Logistic regression analysis was performed to

Table 1. Baseline characteristics of study participants
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confirm the influence of predictors affecting the frequen-
cy of gout attacks. The independent variables included in
the multivariate logistic regression analysis are variables that
are known to affect gout attacks, those that were found
to significantly affect gout attack occurrence in univariate
logistic regression analysis (p < 0.05), or those which we
anticipated would affect the frequency of gout attacks. A
p < 0.05 was regarded as significant. All statistical analyzes
were performed using IBM SPSS Statistics version 20.0 for
Windows (IBM Co., Armonk, NY, USA).

Characteristic Total (n = 227) 20 mg (n = 94) 40 mg (n = 133) p value
Age, yr 532+ 16.4 56.5+ 16.8 50.8 +15.8 0.210
Male sex 219 (96.5) 89 (94.7) 130 (97.7) 0.218
BMI, kg/m? 267 7.1 258+3.8 27385 0.739
Comorbidities
HT 79 (34.8) 37 (39.4) 42 (31.6) 0.218
DM 28 (12.3) 14 (14.9) 14 (10.5) 0.320
CVvD 13(5.7) 9(9.6) 4(3.0) 0.167
CKD 50 (22.0) 27 (28.7) 23(17.3) 0.041
Hyperlipidemia 63 (27.8) 32 (34.0) 31(23.3) 0.101
Renal stone 22 (9.7) 4(4.3) 18 (13.5) 0.134
Disease duration, yr 37+54 3.8+56 3.6+52 0.459
Prophylaxis 188 (82.8) 74 (78.7) 114 (85.7) 0.169
Colchicine 182 (80.2) 71 (75.5) 111 (83.5) 0.140
Prednisolone 5(2.2) 3(3.2) 2 (1.5) 0.651
NSAIDs 1(1.3) 0 1(0.8) 1.000
Subcutaneous tophi 29(12.8) 13 (13.8) 16 (12.0) 0.689
Initial uric acid, mg/dL 91+14 95+ 15 88+13 0.250
Total cholesterol, mg/dL 192.3 +39.7 188.0 = 37.4 195.5 +41.2 0.767
LDL, mg/dL 1183353 113.3 £ 34.1 1219359 0.582
HDL, mg/dL 48.0 = 11.2 48.1 £ 11.6 48.0 = 11.0 0.852
TG, mg/dL 200.6 £ 193.5 205.1 +196.9 197.4 +191.7 0.364
AST, IU/L 29.0+ 149 28.7 + 16.6 293+ 13.6 0.276
ALT, IU/L 36.5+299 36.1 +38.0 36.7£22.8 0.169
BUN, mg/dL 18.1 £ 10.5 19.8 £ 12.1 16.9+£9.0 0.555
Cr, mg/dL 1.2+05 1.2+06 11+£04 0.290
eGFR, mL/min 83.1£29.4 74.7 £ 289 89.3+283 0.141

Values are presented as mean + standard deviation or number (%). p < 0.05 considered significant.
BMI, body mass index; HT, hypertension; DM, diabetes mellitus; CVD, cardiovascular disease (including stroke and myocardial
infarction); CKD, chronic kidney disease; NSAID, non-steroidal anti-inflammatory drug; LDL, low density lipoprotein; HDL, high
density lipoprotein; TG, triglyceride; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Cr,
creatinine; eGFR, estimated glomerular filtration rate.
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RESULTS

Two-hundred and twenty-seven patients were enrolled in
this study. Patients mean age was 53.2 + 16.4 years, and
219 patients (96.5%) were male. The mean duration of dis-
ease was 3.7 £ 5.4 years, and the initial uric acid concen-
tration was 9.1 £ 1.4 mg/dL. Patients mean BMI was 26.7 +
7.1 kg/m2, mean eGFR was 83.1 + 29.4 ml/min and 60.1%
of the patients were obese.

Forty-nine patients (21.6%) experienced gout attacks
within 3 months of starting uric acid lowering treatment.
These patients were categorized into two groups according
to the starting dose of febuxostat (20 mg vs. 40 mg). There
were no significant differences in the mean age (56.5 +
16.8 years vs. 50.8 + 15.8 years, p = 0.210), mean duration
of disease (3.8 £ 5.6 years vs. 3.6 £ 5.2 years, p = 0.459),
the number of patients treated with colchicine (69 [73.4%]
vs. 111 [83.5%], p = 0.066), the number of patients with
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subcutaneous tophi (13 [13.8%] vs. 16 [12%], p = 0.689),
eGFR(74.7 £28.9mlL/minvs.89.3+28.3 ml/min, p=0.141),
and initial uric acid levels (9.5 £ 1.5 mg/dL vs. 8.8 = 1.3 mg/
dL, p = 0.250) (Table 1). There were no significant differ-
ences in comorbid conditions (hypertension, diabetes melli-
tus, cardiovascular disease, dyslipidemia, and renal stones),
lipid profile, and liver function test results. The number of
patients with gout attacks (30 [32.0%] vs. 19 [14.3%],
p = 0.002) was significantly lower in the febuxostat 40 mg
group during the first 3 months of treatment (Table 2).
When analyzing the incidence of gout attacks after the
start of therapy, the number of patients with gout at-
tacks between 0 and 1 month (20 [21.3%] vs. 10 [7.5%],
p = 0.005) was significantly lower in the 40 mg febuxostat
group; however, the number of patients with gout attacks
between 1 and 3 months (18 [19.1%] vs. 14 [10.5%],
p = 0.079) was not significantly different between the two
groups. There was no significant difference between the

Table 2. Gout attack occurrence and frequency according to the febuxostat starting dose

20 mg 40 mg p value
Attack, mo?® 94 133
0-3 30(32.0) 19 (14.3) 0.002
0-1 20(21.3) 10 (7.5) 0.005
1-3 18 (19.1) 14 (10.5) 0.079
Attack frequency, mo® 30 19
0-3 1.55 (0.81-2.29) 1.67 (0.76-2.58) 0.637
0-1 0.72 (0.13-1.31) 0.56 (0-1.18) 0.355
1-3 0.83(0.12-1.54) 1.11 (0.28-1.94) 0.220
Values are presented as number (%) or mean (95% confidence interval). p < 0.05 considered significant.
aAttack, whether gout flare occurs.
bAttack frequency, mean of gout flare frequency in patients with gout flare.
Table 3. Multivariate logistic regression analysis for the prediction of gout attack
Odds ratio (95% Cl) p value
Disease duration, yr 1.061 (0.995-1.132) 0.078
Starting dose febuxostat 40 mg (vs. febuxostat 20 mg) 0.461 (0.246-0.862) 0.015
Prophylaxis® 0.359 (0.158-0.813) 0.014
Subcutaneous Tophi 2.427 (0.938-6.276) 0.067
eGFR, mL/min 0.995 (0.984-1.006) 0.387
Initial uric acid, mg/dL 1.189 (0.938-1.507) 0.152

p < 0.05 considered significant.

Cl, confidence interval; eGFR, estimated glomerular filtration rate.

aProphylaxis, pharmacological anti-inflammatory prophylaxis of acute gout attack.
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two groups when comparing the frequency of gout attacks
in patients with gout attacks (Table 2).

Regression analysis was performed to determine the fac-
tors influencing the occurrence of gout attacks. The results
of univariate regression analysis showed that disease dura-
tion (odds ratio [OR], 1.064; 95% confidence interval [Cl],
1.009 to 1.120; p = 0.021), subcutaneous tophi (OR, 2.350;
95% Cl, 1.069 to 5.167; p = 0.034), and initial uric acid
levels (OR, 1.254; 95% Cl, 1.027 to 1.531; p = 0.026) were
predictors of gout attacks. In addition, febuxostat 40 mg
use (OR, 0.407; 95% Cl, 0.232 to 0.715; p = 0.002) and
anti-inflammatory prophylaxis (OR, 0.413; 95% Cl, 0.205
to 0.833; p =0.013) were predictors of a lower occurrence
of gout attacks. Multivariate regression analysis using these
variables revealed that febuxostat 40 mg (OR, 0.461; 95%
Cl, 0.246 to0 0.862; p = 0.015) and anti-inflammatory pro-
phylaxis (OR, 0.359; 95% Cl, 0.158 to 0.813; p = 0.014)
predicted a lower occurrence of gout attacks even after ad-
justing for the effects of other variables (Table 3). Uric acid
levels after the 1st month of treatment (6.8 + 1.5 mg/dL vs.
5.8 + 1.6 mg/dL, p < 0.001) and at 3 months following the
initiation of treatment (6.4 = 1.6 mg/dL vs. 5.4 + 1.6 mg/dL,
p < 0.001) were significantly lower in the febuxostat 40 mg
group (Table 4). Although the change in uric acid levels was
greater in the febuxostat 40 mg group this difference was
not significant (Table 4).

Furthermore, the proportion of patients with uric acid levels
below 6 mg/dL was significantly higher in the febuxostat 40
mg group in the first month of treatment (36.2% vs. 57.9%,
p = 0.002) and at 3 months (45.7% vs. 67.7%, p = 0.001)
(Table 4).

Table 4. Uric acid level change after taking febuxostat

KJIM™

DISCUSSION

In countries with good access to medical care, such as Ko-
rea, it is important to provide education about gout and
about reducing the frequency of gout attacks to improve
treatment compliance [14]. The prevention of gout attacks
in the early stage of treatment is crucial to ensure that pa-
tients continue treatment.

The ACR 2020 guidelines recommend starting febuxostat
treatment with a low dose of 40 mg or less [8], and clinical
experts also recommend starting febuxostat at a dose of 20
or 40 mg [7]. The results of our study show that in patients
with gout, starting treatment with febuxostat 40 mg reduc-
es the incidence of gout attacks after the commencement of
therapy. Patients starting treatment with febuxostat 40 mg
had significantly fewer gout attacks than with a febuxostat
starting dose of 200mg(20[21.3%]vs. 10[7.5%], p=0.005)
during the 1st month of treatment with no significant differ-
ences observed between the two groups thereafter. If pa-
tient uric acid levels were not within the target range at the
1st month follow-up, the dose of febuxostat was adjusted.
Therefore, it is possible that there was no difference in the
occurrence of gout attacks between 1 and 3 months.

Although there was an anti-inflammatory effect of pro-
phylaxis in preventing gout attacks, there was no signifi-
cant difference in the rate of prophylaxis between the two
groups. In addition, even after adjusting for the effects of
anti-inflammatory prophylaxis, starting treatment with
a febuxostat dose of 40 mg lowered the risk of gout at-
tacks more than starting with a 20 mg dose. We postulated
that gout attacks would occur more frequently in patients
starting treatment with febuxostat 40 mg than in those

20 mg (n = 94) 40 mg (n = 133) p value

Uric acid level

After 1 month 6.8+ 15 58+ 1.6 < 0.001

After 3 months 6.4+16 5616 <0.001
AUric acid level

After 1 month 2717 31+15 0.083

After 3 months 33+17 35+14 0.393
No. of patients with uric acid < 6.0 mg/dL

After 1 month 34 (36.2) 77 (57.9) 0.002

After 3 months 43 (45.7) 90 (67.7) 0.001

Values are presented as mean + standard deviation or number (%). p < 0.05 considered significant.
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starting treatment with febuxostat 20 mg because of the
large changes in uric acid levels. However, in this study, al-
though a larger change in uric acid levels was observed in
the febuxostat 40 mg group, the difference between the
two groups was not significant. The proportion of patients
who achieved the target uric acid level < 6 mg/dL was high-
er in the febuxostat 40 mg group. Therefore, starting uric
acid-lowering treatment with febuxostat 40 mg does not
cause a sudden change in uric acid levels resulting in gout
attacks but may prevent gout attacks by improving uric acid
level control.

Multivariate regression analysis revealed a febuxostat
starting dose of 40 mg and anti-inflammatory prophylaxis
were factors that could lower the risk of gout attack during
the first 3 months of treatment. Unlike univariate regression
analysis, multivariate analysis showed that disease duration,
the presence of subcutaneous tophi, and eGFR were not
independent factors influencing the occurrence of gout at-
tacks. A previous study found a significant increase in the
occurrence of gout attacks in the early period of treatment
in patients with gout duration longer than 13.4 years [15];
however, in our study gout duration was shorter (3.7 years)
and had no effect on the occurrence of gout attacks in the
early period of treatment. Our results are consistent with the
findings reported by Abhishek et al. [15] that the presence
of subcutaneous tophi does not affect the risk of gout at-
tacks following the start of treatment. Rothenbacher at al.
[16] showed that chronic renal failure (chronic kidney dis-
ease [CKD] stage 3 or higher) increases the risk of gout at-
tacks after treatment; However, most of the patients in our
study were classified as CKD stage 1 and 2 (78%) so eGFR
did not appear to affect the occurrence of gout attacks after
the start of treatment.

This study has several limitations. First, as this was a retro-
spective study, BMI and renal function were evaluated using
tests performed at the time of initial diagnosis. Additional-
ly, the effects of alcohol consumption and smoking status
could not be evaluated. However, because BMI and renal
function do not generally change rapidly within 3 months,
it is unlikely that changes in these variables affected the fre-
quency of gout attacks. Second, there is a possibility that
recall bias occurred because the frequency of gout attacks
was investigated through questionnaires administered
when patients attended outpatient clinics. However, since
the intervals between outpatient visits were not long, and
gout attacks were characterized by severe pain, it is unlikely
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that the patient misremembered the frequency of gout at-
tacks. Third, a febuxostat starting dose of 20 mg may have
been prescribed to patients with frequent gout attacks or
very high uric acid levels resulting in selection bias. Fourth,
it is not known whether a febuxostat starting dose of 40
mg is the most effective option because this has not been
compared with starting doses of 60 or 80 mg. However,
clinical guidelines also recommend starting treatment at a
low dose. When treatment is initiated with a dose higher
than 40 mg, target uric acid levels can be achieved more
quickly, although sudden fluctuations in uric acid levels can
induce gout attacks. Furthermore, only 15.9% of patients
ultimately required more than 60 mg of febuxostat. There-
fore, we considered that it would be more effective to start
treatment with febuxostat 40 mg and increase the dose if
necessary.

Our study evaluated the association between the start-
ing dose of febuxostat (20 mg vs. 40 mg) and gout attacks
during the first 3 months after the initiation of uric acid low-
ering treatment. It is important to note that we identified
an appropriate therapeutic dose for the Korean population
characterized by a smaller physique than that of Westerners.

In conclusion, initiation of uric acid lowering treatment
with febuxostat 40 mg, compared with febuxostat 20 mg,
in patients with gout can reduce the occurrence of gout
attacks in the early period of treatment.

KEY MESSAGE

1. In patients with gout, starting uric acid-lowering
treatment with febuxostat 40 mg reduced the
occurrence of gout attacks in the early period
of treatment more than starting treatment with
febuxostat 20 mg.

2. Febuxostat 40 mg achieved target uric acid levels
more effectively than febuxostat 20 mg.

3. The use of febuxostat 40 mg rather than 20 mg
combined with anti-inflammatory prophylaxis
could lower the risk of gout attacks in the early
period of treatment.
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