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Abstract

Purpose: This study assessed factors associated with achieving target serum uric acid
(sUA) level and occurrence of gouty arthritis in Japanese clinical practice.

Methods: Japanese health insurance claims and medical check-up data from October
2015 to March 2017 were analyzed to assess factors associated with target sUA
achievement in gout and asymptomatic hyperuricemia and gouty arthritis in gout.
Target sUA was further assessed by subgroup analysis of urate-lowering therapy
(ULT) prescriptions and outcomes, stratified by renal function.

Results: Patients achieving target sUA tended toward older, female, higher ULT
dose, higher adherence, more comorbidities, and/or antidiabetic drugs pre-
scribed. Renal dysfunction and/or diuretic prescriptions were associated with
reduced achievement of target sUA. Severe renal dysfunction was particularly
influential (odds ratio [OR] = 0.22 [95% confidence interval (Cl): 0.10-0.48] for
<15, 0.15 [0.10-0.23] for =215 to <30, compared with eGFR =90 mL/
min/1.73 m?). Across all renal function categories, mean prescribed ULT dose
was low (febuxostat 17.0-21.0 mg/day, allopurinol 123.1-139.6 mg/day), and tar-
get sUA achievement was reduced among renal dysfunction patients. Gouty
arthritis was more likely in patients with a prior history of such occurrences, and
less likely for higher ULT adherence, sUA monitored regularly at medical facilities,
and/or more comorbidities.

Conclusion: In a real-world setting, severe renal dysfunction is the most important
risk factor for failure to achieve the target sUA, suggesting suboptimal disease man-
agement in patients with gout or hyperuricemia complicated by this condition. Find-
ings associated with gouty arthritis suggest that these occurrences could be
successfully managed by regular monitoring of sUA and closer adherence to ULT.
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1 | INTRODUCTION

Gout is a urate deposition disease caused by persistent hyperuricemia,
defined as serum uric acid (SUA) exceeding 7.0 mg/dL.* Gouty arthritis
occurrences can be reduced by achieving and maintaining sUA at
6.0 mg/dL or below,? a level uniformly recommended by international
guidelines.2®* However, although proven and effective urate-
lowering therapy (ULT) is available, many gout patients fail to achieve
target SUA>S; such patients tend to experience recurring gouty
arthritis.”

Previous studies in the US, using predictive factors for achieving
target sUA, found these targets were more commonly achieved in
elderly patients, female patients, and those with lower sUA and BMI
at baseline, and that renal dysfunction predicted failure in achieving
target sUA.4®? Recent research has associated greater waist circum-
ference at baseline with failure to achieve target sUA in Japanese
patients.’® Other research has shown that patients with more com-
orbidities are less prone to occurrences of gouty arthritis, and that
patients with higher sUA are at greater risk for first-time onset and
for recurrence.”*! Inappropriate therapy may also be associated with
recurrence.'?

We investigated real-world treatment of patients with gout or
asymptomatic hyperuricemia by referencing data from Japanese
health insurance claims, and found that many patients fail to reach
their target sUA, suggesting that gout management is suboptimal in
Japan.'® The present study further analyzed those data to determine
which background factors are associated with difficulties in reaching

target sUA and which are associated with of gouty arthritis

occurrences.
2 | METHODS
21 | Study design

This study involved a retrospective observational analysis of informa-
tion from an insurance claims database and data from medical check-
ups from October 2015 to March 2017. The study was registered
through the University Hospital Medical Information Network (UMIN)
Clinical Trials Registry (UMINOO0031503).

We accessed the JMDC Claims Database,»* which consists of
information from multiple organizations that provide health insurance
coverage to Japanese employees (the subscribers) and their depen-
dents. The database provided access to anonymized claims data from
subscribers, diagnostic codes, and drug prescriptions. Because Japa-
nese health insurance subscribers generally have an employer-
sponsored medical check-up every year, the database also provided
medical check-up data from each subscriber and from about one-third
of the total population in the JMDC database.

Participant data were analyzed for two questions: “What factors
were associated with achievement of target sUA?” (Analysis 1) and
“What factors were associated with occurrence of gouty arthritis?”
(Analysis 2).

KEY POINTS

e Achieving target sUA was associated with older age,
female sex, higher dose of ULT, higher medication pos-
session ratio, more comorbidities, and/or prescription for
antidiabetic drugs.

e Failure to achieve target sUA was associated with
decreased renal function and/or prescribed diuretics, and
especially with severe renal dysfunction, suggesting that
current treatment options may not control sUA in hyper-
uricemic patients with this condition.

o Regular monitoring of sUA level and greater adherence to
ULT were associated with lower likelihood of gouty
arthritis; such arthritis may be more successfully managed
by regular clinic visits and sustained ULT for sUA may
contribute to better management of gouty arthritis.

2.2 | Participants

The study population comprised health insurance subscribers from
the JMDC Claims Database (the database population) who satisfied
the inclusion criteria and did not have malignant tumors. Inclusion
criteria were: (a) Uninterrupted subscription to the insurance program
from April 2016 through March 2017, (b) diagnosis of gout or asymp-
tomatic hyperuricemia, (c) age 18 to 65 years.

Analysis 1 participants had met the eligibility criteria, had under-
gone sUA measurements at medical check-ups, were not on dialysis,
had not received ULT or were under treatment with febuxostat mon-
otherapy or allopurinol monotherapy during the 6-month period
before the check-up at which sUA was measured, and had data avail-
able as explanatory variables for multivariate analysis.

Analysis 2 participants had a diagnosis of gout between April
2016 and March 2017, did not receive ULT or received only
febuxostat monotherapy or allopurinol monotherapy between
October 2015 and March 2016, and had data available as explanatory
variables for multivariate analysis.

The subgroup of analysis by renal function was based on the anal-
ysis population but excluded patients who had undergone dialysis
between April 2016 and March 2017 and patients for whom eGFR
data were not available.

n o«

The terms “malignant tumor,” “gout,” “asymptomatic hyperurice-
mia” and “gouty arthritis” in this study are defined in Table S1. We
applied a modified claims-based algorithm to identify patients with

gout.”"*5

23 | Study measures

Analysis 1: Factors associated with achieving target sUA (6.0 mg/dL
or below) in patients with gout or asymptomatic hyperuricemia.
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Subgroup analysis for Analysis 1: To interpret findings for factors asso-
ciated with achieving target sUA, we conducted further subgroup analysis
of factors such as ULT prescription, stratified by renal function. We used
the data on estimated glomerular filtration rate (€GFR) calculated from
medical check-up data. Patient characteristics (age, number of com-
orbidities, medication possession ratio [MPR] and mean dose of ULT), ULT
prescription, sUA level, and the proportion of patients who achieved target
sUA were analyzed by stratifying renal function as represented by eGFR
(290, 260 to <90, 230 to <60, =15 to <30, and <15 mL/min/1.73 m?).

Analysis 2: Factors associated with occurrence of gouty arthritis
in gout patients.

The terms “patient characteristics,” “ULT,” and “MPR” in this
study are defined in Table S1.

24 | Statistical methods

For Analysis 1, univariate and multivariate logistic regression analyses
were performed. The objective variable was whether participants
achieved the target sUA level of 6.0 mg/dL or below, generally based
on data from annual medical check-ups. If SUA was measured more
than once during the year, the most recent value was used. Explana-
tory variables were patient characteristics and ULT prescription.
Values for those explanatory variables were obtained from the data-
base for the 6-month period prior to the month of sSUA measurement.

For Analysis 2, univariate and multivariate logistic regression ana-
lyses were performed; the objective variable was the occurrence or non-
occurrence of gouty arthritis, and explanatory variables were patient
characteristics and ULT prescription. Values for those explanatory vari-
ables were obtained from the database for the 6-month period between
October 2015 and March 2016. Data for the occurrence of gouty arthri-
tis were analyzed between April 2016 and March 2017.

Subgroup analysis was conducted regarding ULT prescription,
stratified by renal function, to determine effects on achieving target
sUA. The proportion of patients achieving target sUA and the 95%
confidence interval (Cl) for that proportion were calculated for no
ULT and for each dose of febuxostat or allopurinol.

All analyses were performed using SAS version 9.4.

3 | RESULTS

3.1 | Study population

From among the 67 368 patients in the analysis population, 23 883
patients were selected for Analysis 1. For Analysis 2, the patient pop-
ulation was 17 672 patients (Figure S1).

3.2 | Patient characteristics

Both for Analysis 1 and Analysis 2, the target population averaged
approximately 50 years of age, was mostly male, and commonly

showed complications of hypertension and/or hyperlipidemia. Only a
few of those patients met the criteria for renal dysfunction, but
among those patients for whom eGFR information from medical
check-ups was available in the database, mean eGFR was approxi-
mately 70 mL/min/1.73 m? (Table 1).

3.3 | Analysis 1: Factors associated with achieving
target sUA (6.0 mg/dL or below) in patients with gout
or asymptomatic hyperuricemia

Levels of sUA reached 6 mg/dL or below in 28.1% of all patients
(6721/23 883). From the results of multivariate logistic regression
analysis, factors that predisposed patients to reach the target sUA
were older age, female sex, prescription for higher-dose febuxostat
or allopurinol, higher MPR, more comorbidities, and/or prescription
for antidiabetic drugs. Patients with lower eGFR and/or a prescrip-
tion for diuretics were predisposed to fail to achieve the target sUA.
The effect of severe renal dysfunction was especially pronounced
(odds ratio [OR] = 0.22 [95% Cl: 0.10-0.48] for <15 and 0.15
[0.10-0.23] for 215 to <30 in comparison to eGFR 290 mL/
min/1.73 m?) (Figure 1).

3.4 | Subgroup analysis: Patient characteristics,
ULT prescription, and dose, sUA, and the proportion
of patients who achieved the target sUA stratified by
renal function

Patients who were prescribed ULT accounted for 66.2% of patients
with eGFR 290, 73.1% with eGFR 260 to <90, 81.3% with eGFR 230
to <60, and 94.9% with eGFR <30 mL/min/1.73 m?, suggesting that
the percentage of prescriptions for ULT in patients with severe renal
dysfunction (eGFR <30 mL/min/1.73 m?) was higher than in patients
with normal renal function.

We analyzed patient characteristics by renal function and by ULT
(febuxostat or allopurinol). Patients on febuxostat tended to have
higher median MPR and more comorbidities, increasing with decreas-
ing renal function (Table 2). This same tendency was seen with allopu-
rinol, except that median MPR did not exceed 45.5 in patients having
eGFR<15 mL/min/1.73 m? (Table 3). The mean prescribed dose was
generally low across all categories of renal function for both
febuxostat and allopurinol. There was a slight increase in the
febuxostat dose in patients with severe renal dysfunction
(20.0 mg/day for eGFR 215 to <30 and 21.0 mg/day for eGFR <15 in
comparison to 17.0 mg/day for eGFR 290 mL/min/1.73 m?) and a
slight decrease in the allopurinol dose in that same category
(133.7 mg/day for eGFR 215 to <30 and 123.1 mg/day for eGFR <15
in comparison to 136.0 mg/day for eGFR 290 mL/min/1.73 m?)
(Tables 2 & 3).

We assessed sUA and the proportion of patients who achieved
the target sUA for each prescribed dose of febuxostat, allopurinol, or

no treatment, at each level of renal function. Overall, decreased renal
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TABLE 1 Patient characteristics

Age, mean (SD)
Age, n (%)
18-19
20-29
30-39
40-49
50-59
60-65
Sex, n (%)
Male
Female
Comorbidities of interest, n (%)
Hypertension
Type 2 diabetes
Ischemic heart disease
Heart failure
Cerebrovascular disease
Hyperlipidemia
Renal dysfunction
Number of comorbidities
Mean (SD), median
n (%)
0

o U A WN -

7
sUA?, mg/dL
Patients with data, n
Mean (SD)
Achieving target sUA?, n (%)
eGFR*®, mL/min/1.73 m?
Patients with data, n
Mean (SD)
n (%)

Analysis 2:Factors

associated with occurrence

Analysis 1:Factors associated with achievement of sUA target of gouty arthritis
Total (Gout +

Asymptomatic asymptomatic
Gout hyperuricemia hyperuricemia) Gout
N = 6762 N=17121 N =23 883 N =17 672
49.6 (8.3) 50.2 (8.4) 50.0 (8.4) 49.2 (9.3)
0 6(<0.1) 6(<0.1) 27 (0.2)
102 (1.5) 301 (1.8) 403 (1.7) 582 (3.3)
720 (10.6) 1590 (9.3) 2310 (9.7) 2075 (11.7)
2311 (34.2) 5455 (31.9) 7766 (32.5) 5634 (31.9)
2813 (41.6) 7484 (43.7) 10 297 (43.1) 6948 (39.3)
816 (12.1) 2285 (13.3) 3101 (13.0) 2406 (13.6)
6623 (97.9) 16 499 (96.4) 23122 (96.8) 17 020 (96.3)
139 (2.1) 622 (3.6) 761(3.2) 652 (3.7)
2759 (40.8) 9830 (57.4) 12 589 (52.7) 7218 (40.8)
1487 (22.0) 5255 (30.7) 6742 (28.2) 3858 (21.8)
407 (6.0) 1433 (8.4) 1840 (7.7) 1099 (6.2)
297 (4.4) 1239 (7.2) 1536 (6.4) 848 (4.8)
281 (4.2) 1138 (6.6) 1419 (5.9) 820 (4.6)
3194 (47.2) 11 435 (66.8) 14 629 (61.3) 8017 (45.4)
365 (5.4) 1294 (7.6) 1659 (6.9) 1009 (5.7)
1.3(1.3), 1.0 1.8(1.3),20 1.7 (1.3),2.0 1.3(1.3),1.0
2265 (33.5) 2302 (13.4) 4567 (19.1) 6154 (34.8)
1905 (28.2) 5114 (29.9) 7019 (29.4) 4823 (27.3)
1441 (21.3) 4967 (29.0) 6408 (26.8) 3589 (20.3)
749 (11.1) 3084 (18.0) 3833 (16.0) 2007 (11.4)
281 (4.2) 1081 (6.3) 1362 (5.7) 748 (4.2)
96 (1.4) 446 (2.6) 542 (2.3) 269 (1.5)
23(0.3) 119 (0.7) 142 (0.6) 64 (0.4)
2(<0.1) 8(<0.1) 10 (<0.1) 18(0.1)
6762 17 121 23883 7648
7.00 (1.50) 6.83(1.33) 6.88 (1.38) 6.98 (1.49)
1852 (27.4) 4869 (28.4) 6721 (28.1) 2134 (27.9)
6762 17 121 23 883 7366
72.4(14.7) 71.3 (15.5) 71.6 (15.3) 72.1(15.1)
738 (10.9) 1761 (10.3) 2499 (10.5) 790 (4.5)
4792 (70.9) 11 791 (68.9) 16 583 (69.4) 5211 (29.5)
1200 (17.7) 3395(19.8) 4595 (19.2) 1310 (7.4)
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TABLE 1 (Continued)
Analysis 2:Factors
associated with occurrence
Analysis 1:Factors associated with achievement of sUA target of gouty arthritis
Total (Gout +
Asymptomatic asymptomatic
Gout hyperuricemia hyperuricemia) Gout
N = 6762 N=17121 N =23 883 N =17 672
215, <30 27 (0.4) 143 (0.8) 170(0.7) 29(0.2)
<15 5(<0.1) 31(0.2) 36(0.2) 26(0.1)
Not measured 0 0 0 10 306 (58.3)
Concomitant medications, n (%)
Antihyperlipidemic drug 1961 (29.0) 7727 (45.1) 9688 (40.6) 4991 (28.2)
ACE inhibitors 118 (1.7) 535(3.1) 653 (2.7) 331(1.9)
ARB 1673 (24.7) 6554 (38.3) 8227 (34.4) 4390 (24.8)
Diuretic drug 237 (3.5) 1037 (6.1) 1274 (5.3) 704 (4.0)
Antidiabetic drug 525(7.8) 2418 (14.1) 2943 (12.3) 1411 (8.0)
Number of measurements of SUA
Mean (SD) 2.1(2.3) 2.3(2.5) 2.2(2.5) 2.2(2.6)
n (%)
0 1525 (22.6) 3713 (21.7) 5238 (21.9) 3815 (21.6)
1 1969 (29.1) 4608 (26.9) 6577 (27.5) 5123 (29.0)
2 1337 (19.8) 3261 (19.0) 4598 (19.3) 3412 (19.3)
3 726 (10.7) 1948 (11.4) 2674 (11.2) 1984 (11.2)
4 475 (7.0) 1302 (7.6) 1777 (7.4) 1313 (7.4)
25 730 (10.8) 2289 (13.4) 3019 (12.6) 2025 (11.5)

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin Il receptor blocker; eGFR, estimated glomerular filtration rate; sUA, serum uric acid.

?Data obtained from medical check-ups. For the calculation of percentages, the denominator is “number of patients with data.”
beGFR was calculated using the following formula. eGFR (male) = 194 x sCr~1:094 » age’°‘287, eGFR (female) = 194 x sCr~ 974 x age’o'287 x 0.739.

function was associated with higher sUA (Table S2). The proportion of
patients who achieved the target sUA tended to decrease as renal
function decreased, among both febuxostat and allopurinol patients.
In patients with moderate or severe renal dysfunction, the target sUA
level was achieved by about 20% of patients who received allopurinol
100 mg and about 50% of patients who received febuxostat 40 mg.
Only a few patients with eGFR <30 mL/min/1.73 m? were treated
with allopurinol 200 mg or febuxostat 60 mg (Table S2). In all renal
function categories, a higher rate of target sUA achievement was
associated with higher dose in both the febuxostat and allopurinol

groups (Figure 2).

3.5 | Analysis 2: Factors associated with
occurrence of gouty arthritis in gout patients

Gouty arthritis occurred in 50.6% of all patients (8939/17 672). From
the results of multivariate logistic regression analysis, patients who

had a history of gouty arthritis during the previous 6 months were

more prone to occurrence of gouty arthritis during the study period.
The results also showed that gouty arthritis was less likely to occur in
patients with higher MPR, with sUA monitored at medical facilities,
and/or with more comorbidities. The effects of age, sex, and concomi-

tant medications were minimal (Figure 3).

4 | DISCUSSION

In real-world clinical practice, gout treatment is known to be sub-
optimal in many countries*®; we previously reported that this was also
the case in Japan.'® The importance of the treat-to-target approach is
recognized for gout, as well as for many other conditions such as dia-
betes, hypercholesterolemia, and rheumatoid arthritis, and all of these
conditions appear to be associated with suboptimal target achieve-
ment.1”"1? However, these unsatisfactory outcomes may occur for dif-
ferent reasons in different diseases. We thus consider it of great
importance to learn the reasons underlying suboptimal treatment
of gout.
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Univariate Multivariate
Proportion OR(95%Cl) Proportion OR(95%Cl)
Age (years) : 18-29 61/409 (14.9%) 1.00 61/409 (14.9%) 1.00 »
30-39 429/2310(18.6%) 1.30(0.97-1.74) 429/2310(18.6%) 1.15(0.84-1.57) o]
40-49  1950/7766(25.1%) 1.91(1.45-2.52) 1950/7766 (25.1%) 1.53 (1.13-2.06) 3 fof
50-59 3177/10297 (30.9%) 2.55(1.93-3.35) 3177/10 297 (30.9%) 1.96 (1.45-2.66) : lof
60-65 1104/3101(35.6%) 3.15(2.38-4.18) 1104/3101(35.6%) 2.59 (1.90-3.54) ; fof |
Sex: Male 6284/23122(27.2%) 1.00 6284/23 122 (27.2%) 1.00 A
Female 437/761(57.4%) 3.61(3.12-4.18) 437/761 (57.4%) 6.16 (5.25-7.23) : W
ULT: No prescription 2280/13 022 (17.5%) 1.00 2280/13022(17.5%) 1.00 ’
Febuxostat 10 mg 821/2083(39.4%) 3.07 (2.78-3.38) 821/2083 (39.4%) 1.57(1.38-1.78) 3 LI
20mg 1333/2608 (51.1%) 4.93(4.51-5.38) 1333/2608 (51.1%) 2.81(2.49-3.16) : L
40mg 275/457 (60.2%) 7.12 (5.87-8.63) 275/457 (60.2%) 4.47 (3.60-5.55) 3 ol
60mg 14/23 (60.9%) 7.33(3.17-16.95) 14/23 (60.9%) 4.33(1.78-10.55) 3 [ o
Allopurinol 50 mg 33/99 (33.3%) 2.36(1.55-3.59) 33/99 (33.3%) 0.81(0.52-1.27) L el
100mg  1040/3742(27.8%) 1.81(1.67-1.97) 1040/3742 (27.8%) 0.76(0.68-0.86) 3 [ :
200 mg 870/1755 (49.6%) 4.63(4.17-5.14) 870/1755 (49.6%) 2.39 (2.09-2.72) 3 LI
300mg 55/94 (58.5%) 6.64 (4.40-10.04) 55/94 (58.5%) 4.31(2.78-6.69) : Fof !
MPR' : <25% 1708/10 803 (15.8%) 1.00 1708/10 803(15.8%) 1.00 3 ’
225%, <50% 274/1238 (22.1%) 1.51(1.31-1.75) 274/1238 (22.1%) 1.34(1.14-1.57) 3 ol
250%, <75% 632/2117 (29.9%) 2.27 (2.04-2.52) 632/2117 (29.9%) 1.70(1.49-1.94) } L
>75%  4107/9725 (42.2%) 3.89 (3.65-4.16) 4107/9725 (42.2%) 2.77 (2.48-3.10) L
No. of sUA measurements: 0  2152/9924 (21.7%) 1.00 2152/9924 (21.7%) 1.00 q
1 2245/7603(29.5%) 1.51(1.41-1.62) 2245/7603 (29.5%) 1.03(0.95-1.11) i 1 i
2 1254/3610(34.7%) 1.92(1.77-2.09) 1254/3610 (34.7%)  1.12 (1.02-1.23) .
3  1070/2746(39.0%) 2.31(2.11-2.52) 1070/2746 (39.0%) 1.17(1.05-1.31) ; ] ;
No. of comorbidities* : 0 1120/6711(16.7%) 1.00 1120/6711(16.7%) 1.00 ’
1 1748/6341(27.6%) 1.90(1.75-2.07) 1748/6341(27.6%) 1.32(1.19-1.46) L]
2 1928/5830(33.1%) 2.47(2.27-2.68) 1928/5830(33.1%) 1.55(1.39-1.74) 3 LI
3 1289/3330(38.7%) 3.15(2.87-3.47) 1289/3330(38.7%) 1.77 (1.54-2.02) : |
4 444/1137 (39.1%) 3.20(2.79-3.66) 444 /1137 (39.1%) 1.75(1.46-2.09) 3 |
5 150/424 (35.4%) 2.73(2.22-3.37) 150/424 (35.4%) 1.48(1.15-1.91) : o
6 42/110(38.2%) 3.08(2.09-4.55) 42/110 (38.2%) 1.89(1.21-2.93) ; fof
eGFR (mL/min/1.73m?)*: 290 874/2499 (35.0%) 1.00 874/2499 (35.0%) 1.00 [
260, <90 4704/16 583 (28.4%) 0.74(0.67-0.80) 4704/16 583 (28.4%) 0.57 (0.51-0.63) Lo 3
>30, <60 1084/4595 (23.6%) 0.57 (0.52-0.64) 1084/4595 (23.6%) 0.30(0.26-0.34) 3 3
>15, <30 47/170(27.6%) 0.71(0.50-1.00) 47/170(27.6%) 0.15(0.10-0.23) ] :
<15 12/36 (33.3%) 0.93(0.46-1.87) 12/36 (33.3%) 0.22(0.10-0.48) o 3
Antihyperlipidemic drug : No 3589/15 326 (23.6%) 1.00 3589/15 326 (23.4%) 1.00 | [
Yes 3132/8557 (36.6%) 1.89 (1.78-2.00) 3132/8557 (36.6%) 1.19(1.11-1.28) ] 3
ACE inhibitors : No 6502/23273(27.9%) 1.00 6502/23 273 (27.9%) 1.00 ’
Yes 219/610(35.9%) 1.44(1.22-1.71) 219/610(35.9%) 1.04(0.86-1.26) o
ARB : No 4270/16 328 (26.2%) 1.00 4270/16 328 (26.2%) 1.00 ’
Yes 2451/7555(32.4%) 1.36(1.28-1.44) 2451/7555 (32.4%) 0.85(0.78-0.91) ¢ 3
Diuretic drug : No 6409/22 789 (28.1%) 1.00 6409/22 789 (28.1%) 1.00 [
Yes 312/1094 (28.5%) 1.02(0.89-1.17) 312/1094 (28.5%) 0.60 (0.51-0.70) ]
Antidiabetic drug : No 5580/21232(26.3%) 1.00 5580/21 232 (26.3%) 1.00 [
Yes 1141/2651 (43.0%) 2.12(1.95-2.30) 1141/2651 (43.0%) 1.57 (1.42-1.74) B
History of gouty arthritis™
No 6214/22 141 (28.1%) 1.00 6214/22 141 (28.1%) 1.00

Yes 507/1742(29.1%) 1.05(0.95-1.17) 507/1742 (29.1%) 1.12(0.99-1.26) .

T
1 10 100

FIGURE 1

renal dysfunction. eGFR was calculated using the following formula. eGFR (male) =

Factors associated with achievement of target sUA (6.0 mg/dL or below): logistic regression analysis. The forest plot shows the point
estimate and 95% confidence interval for the odds ratio in multivariate analysis. The objective variable was whether target sUA (6.0 mg/dL or below) had
been achieved by the time of medical check-ups, and the explanatory variables were from data on sUA measurements during the 6-month period prior
to the medical check-ups. TMPR indicates number of days ULT was prescribed from April 1, 2016 to March 31, 2017/365 days from April 1, 2016 to
March 31, 2017. ¥Comorbidities includes hypertension, type 2 diabetes, ischemic heart disease, heart failure, cerebrovascular disease, hyperlipidemia,

194 x sCr 1994 » age 0287 oGFR (female) =

194 x sCr 1974 x

age 9287 % 0.739. TThe most recent 6 months prior to the time of medical check-ups. ACE, angiotensin converting enzyme; ARB, angiotensin Il receptor
blocker; eGFR, estimated glomerular filtration rate; MPR, medication possession ratio; OR, odds ratio; sUA, serum uric acid; ULT, urate-lowering therapy
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FIGURE 2

Proportion of patients achieving target sUA, stratified by ULT dose and by renal function. Point estimate and 95% Cl were plotted

for the proportion of achievement of target sUA. eGFR, estimated glomerular filtration rate; sUA, serum uric acid [Colour figure can be viewed at

wileyonlinelibrary.com]

Logistic regression analysis showed that achieving target sUA
was more often associated with older age, female sex, higher dose
of ULT, higher MPR, more comorbidities, and/or prescription for
antidiabetic drugs. Our findings for age and sex supported results

from previous studies in the US,%%?

which similarly showed that
elderly and female patients were more likely to reach the target
sUA. The results for the other related factors also seem reasonable.
For example, the higher likelihood of achieving target sUA in
patients with more comorbidities could be caused by increased
treatment adherence related to those comorbidities, possibly
because of more frequent interaction with medical personnel. Such
a relationship would be a confounding factor for adherence. The lit-
erature indicates that adherence increases proportionally with
age?°: this correlation may be affected by factors that cannot be
measured by insurance claims, such as patient awareness of lifestyle
and health. Our results also showed that patients with low eGFR
and those who were prescribed diuretics tended to fail to achieve
their target sUA. The OR for multivariate analysis in comparison to
patients with eGFR 290 was 0.15 (95% Cl: 0.10-0.23) for patients
with eGFR 215 to <30 and 0.22 (0.10-0.48) for <15mL/

min/1.73 m?, respectively. These results suggest that severe renal
dysfunction is the most important predictor for failure to achieve
the target sUA within the population that we studied.

In this context, we performed additional analysis of patient char-
acteristics and ULT prescription and outcome, stratified by renal func-
tion. Decreased renal function was associated with more
comorbidities and higher median MPR, and a higher percentage of
those patients had prescriptions for ULT. We found that almost all
patients, regardless of the level of renal function, were receiving low-
dose ULT. In patients with severe renal dysfunction, the data showed
a slight increase in mean febuxostat dose, and a slight decrease in
mean allopurinol dose. The observed decrease in the allopurinol dose
in our study could be based on treatment guidelines that recommend
reducing the allopurinol dose in proportion to the extent of renal dys-
function.?! This is also in agreement with the finding from a question-
naire survey that many Japanese nephrologists report limiting
allopurinol dose to 100 mg/day in patients with CKD stage 4 or 5.2
Additionally, the overall results for sUA level, and the proportion of
target sUA achievement analyzed by renal function and by prescribed

ULT dose, trended toward a correlation between higher sUA, lower


http://wileyonlinelibrary.com

% | WILEY

Patient characteristics stratified by renal function: Febuxostat

TABLE 2

Asymptomatic hyperuricemia

Gout

Total (Gout+asymptomatic hyperuricemia)

230<60 215<30 <15 Total
134 30

1662

260 < 90
4251

290
558

<15 Total

215 < 30
22

230 < 60

717

260 < 90
2346

<15 Total 290

215 < 30
156

290 260<90 230< 60
6597 2379

868

eGFR?

16 033

8178

310

24 211

49.5(9.2) 49.4(9.4)

52.0(8.1)
3.1(1.2)

53.6(7.2)
2.2 (1.4)

49.2(9.4) 44.0(8.5) 48.8(8.1) 53.6(6.5) 47.5(8.7) 51.3(9.1) 48.8(9.3) 43.8(9.7) 49.0(8.1)
1.6 (1.3) 3.5(1.2)

51.4(8.3) 49.8(9.1)

48.9 (8.1) 53.6(7.0)
3.6(1.4)

43.9 (9.3)

Age, mean (SD)
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3.6(1.4) 1.9 (1.4)

1.6(1.1) 1.7(1.2)

3.4(1.6) 1.3(1.3)

17(14) 11(12) 1.2(12)

(12)

&l

2.1(1.4)

1.5(1.2)

1.4(1.2)

Number of

comorbidities,
mean (SD)

MPR

74.4 (29.1) 83.3 (26.7) 86.4 (22.7) 67.9 (31.8)

60.3 (32.8) 66.4(32.0)

84.4 (25.6) 86.1(22.3) 65.7 (32.4) 54.0 (33.5) 61.2(33.0) 66.1(31.1) 90.8 (16.5) 84.7 (22.6) 61.3 (33.0)

71.9(29.9)

83.0

58.1(33.2) 64.5(32.5)

Mean (SD)
Median

94.7 75.9 54.0 69.3 751 96.7 914 69.0 67.5 76.2 86.3 97.5 94.8 79.5
944/ 2346 326/ 717 18/ 22 5/ 6 (83.3) 3300/ 8178 221/ 558 1989/ 4251 963/ 1662 98/ 134

97.3
319/ 868 2933/ 6597 1289/ 2379 116/ 156 30/ 36

74.3

64.4

7948/

25/ 30

98/ 310

11 248/

>80%, n (%)

16 033
(49.6)

(46.8) (57.9) (73.1) (83.3)
19.2(10.7) 20.3 (10.3) 16.6 (8.0)

(39.6)

(40.4)

(54.2) (74.4) (83.3) 24211 (31.6) (40.2) (45.5) (81.8)
(46.5)
20.0 (11.1) 21.0 (11.6) 17.4 (8.6)

(44.5)

(36.8)

16.3(7.5) 17.0(8.2)

16.3(7.6)

24.4(12.6) 24.6 (17.8) 19.0 (9.4)

19.3(9.7)

18.5(9.1)

18.2(8.3)

17182 17.7(8.7)

17.0(7.9)

Mean dose,

mean (SD), mg/day

Abbreviations: eGFR, estimated glomerular filtration rate; MPR, medication possession ratio.

194 x sCr 107 x age™0287 % 0.739.

194 x sCr 107 x age 287 eGFR (Female)

2eGFR was calculated using the following formula. eGFR (male)

achievement of target sUA, and decreased renal function. In patients
with renal dysfunction, although sUA increased as renal function
decreased, prescriptions for low-dose ULT remained virtually
unchanged across all renal function categories. This may explain why
patients with renal dysfunction were less likely to achieve their target
sUA. Although the proportion of target sUA achievement tended to
increase dose-dependently in both the febuxostat and allopurinol
groups across all renal function categories, that proportion was gener-
ally low in patients with renal dysfunction. These results strongly sug-
gest that management for gout and hyperuricemia in patients with
decreased renal function is suboptimal in a real-world clinical setting
in Japan.

Treatment options are currently limited for patients who have
renal dysfunction and either gout or hyperuricemia. Although
recent research outside Japan has shown that allopurinol is effec-
tive and safe even when the dose is gradually increased beyond
the level considered appropriate for that degree of renal
dysfunction,?®?* the efficacy and safety of high-dose allopurinol
have not yet been proven in Japanese patients with reduced renal
function. Febuxostat is considered effective and tolerable in
patients with mild to moderate renal dysfunction,?®>2” but safety
has not been well studied in patients with severe renal dysfunc-
tion. Meanwhile, in a randomized clinical trial in the US, in patients
with moderate to severe renal dysfunction, 45.2% achievement of
target sUA was reported with daily febuxostat 80 mg at
12 months.2® In our study, target SUA was achieved in only about
50% of patients receiving febuxostat 40 mg, suggesting that the
control of sUA in gout and hyperuricemia patients with severe
renal dysfunction may be challenging in a real-world setting.

Our results from logistic regression analysis indicated a lower like-
lihood of gouty arthritis occurrences in gout patients with higher
MPR, with sUA monitored at medical facilities, and with more com-
orbidities. These findings suggest that it may be possible to control
gouty arthritis through regular clinic visits and continuing use of ULT.
Gouty arthritis is less likely to occur in patients whose sUA levels are
appropriately controlled, but in this study annual medical check-up
data were used for analysis, so sUA and eGFR were not included in
the model because those two parameters were measured infre-
quently. The results showed that patients with more comorbidities
were less likely to experience gouty arthritis, possibly because the
presence of comorbidities increases MPR, suggesting confounding by
MPR. However, similar results were obtained in a prior study in the
US, which showed that a Quan-Charlson comorbidity score above 1
at baseline was associated with lower risk of gouty arthritis during the
follow-up period.” In this study, the patients with one or more occur-
rences of gouty arthritis during the previous 6 months were more
likely to experience gouty arthritis during the study period. These
results appeared consistent with prior research that showed signifi-
cantly higher risk for gouty arthritis occurrences in patients who had a
history of gouty arthritis at baseline.”

This study has some limitations. First, insurance claims data are
collected for the purpose of payment/reimbursement, not research,

which limits the applicability of definitions of terms such as gout,
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gouty arthritis, and comorbidity. Second, results could be confounded
by factors that cannot be measured by insurance claims, such as
patient awareness of health and lifestyle, socioeconomic factors, and
the clinical practice of each physician. Third, the adherence data do
not actually prove that patients take their medications. Fourth,
because the JMDC database uses information from health insurance

societies whose members work primarily for Japanese companies,

very little data are available on persons 66 years of age and older, and
no data on persons 75 and older. The present study excluded data
from persons 66 and older, reducing generalizability from these find-
ings to the general Japanese population. Fifth, because sUA data came
from medical check-ups rather than from measurements performed at
medical institutions, it was obtained from only a certain portion of
patients, individual patients might reduce their use of ULT or other

Univariate Multivariate
Proportion OR(95%Cl) Proportion OR(95%Cl)
Age (years) : 18-29 413/609 (67.8%) 1.00 413/609 (67.8%) 1.00 ’
30-39  1320/2075 (63.6%) 0.83(0.68-1.01) 1320/2075 (63.6%) 1.04 (0.85-1.29) ol
40-49  3057/5634 (54.3%) 0.56(0.47-0.67) 3057/5634 (54.3%) 1.00(0.83-1.22) 3 ol
50-59 3205/6948 (46.1%) 0.41(0.34-0.48) 3205/6948 (46.1%) 0.91(0.75-1.10) : .
60-65 944 /2406 (39.2%) 0.31(0.25-0.37) 944 /2406 (39.2%) 0.79 (0.64-0.98) ; ol
Sex : Male 8566/17 020 (50.3%) 1.00 8566/17 020 (50.3%) 1.00 ’
Female 373/652 (57.2%) 1.32(1.13-1.55) 373/652 (57.2%) 0.82(0.68-0.98) : .
ULT (drug, MPR, mean dose):
No prescription  5536/7699 (71.9%) 1.00 5536/7699 (71.9%) 1.00 3 ’
Febuxostat, <75%, <20 mg 767/1565 (49.0%) 0.38(0.34-0.42) 767/1565 (49.0%) 0.30(0.27-0.34) |
<75%, >20mg 153/281 (54.4%) 0.47(0.37-0.59) 153/281 (54.4%) 0.37(0.29-0.48) Lol
>75%, <20mg 720/2525(28.5%) 0.16(0.14-0.17) 720/2525(28.5%) 0.18 (0.16-0.20) ]
275%, >20mg 181/554 (32.7%) 0.19 (0.16-0.23) 181/554 (32.7%) 0.19 (0.16-0.23) ol
Allopurinol, <75%, <100 mg 318/762(41.7%) 0.28 (0.24-0.33) 318/762(41.7%) 0.27(0.23-0.31) L
<75%, >100 mg 387/945 (41.0%) 0.27 (0.24-0.31) 387/945 (41.0%) 0.23(0.20-0.27) L
275%, <100 mg 556/2101 (26.5%) 0.14(0.13-0.16) 556/2101 (26.5%) 0.17(0.15-0.19) .
>75%, >100 mg 321/1240(25.9%) 0.14(0.12-0.16) 321/1240 (25.9%) 0.15(0.13-0.18) o
No. of SUA measurements: 0  5664/9288 (61.0%) 1.00 5664/9288 (61.0%) 1.00 ’
1 1926/4652(41.4%) 0.45(0.42-0.49) 1926/4652 (41.4%) 0.70(0.64-0.76) : L
2 736/2115(34.8%) 0.34(0.31-0.38) 736/2115(34.8%) 0.58 (0.52-0.66) ]
>3 613/1617 (37.9%) 0.39 (0.35-0.44) 613/1617 (37.9%) 0.70 (0.61-0.80) | ]
No. of comorbiditiest : 0 5277/8013(65.9%) 1.00 5277/8013 (65.9%) 1.00 [
1 1744/4172(41.8%) 0.37 (0.34-0.40) 1744/4172 (41.8%) 0.62(0.56-0.68) L
2 1098/3010 (36.5%) 0.30(0.27-0.32) 1098/3010 (36.5%) 0.56(0.49-0.63) e
3 554/1645 (33.7%) 0.26(0.24-0.29) 554/1645 (33.7%) 0.53(0.45-0.62) ]
4 192/581 (33.0%) 0.26(0.21-0.31) 192/581(33.0%) 0.51(0.40-0.64) L e
5 59/197 (29.9%) 0.22(0.16-0.30) 59/197 (29.9%) 0.47 (0.32-0.68) fo{
26 15/54 (27.8%) 0.20(0.11-0.36) 15/54 (27.8%) 0.36(0.19-0.71) ! e
Antihyperlipidemic drug: No 7493/13 450 (55.7%) 1.00 7493/13 450 (55.7%) 1.00 [
Yes 1446/4222(34.2%) 0.41(0.39-0.45) 1446/4222 (34.2%) 0.99 (0.90-1.09) [
ACE inhibitors: No 8846/17 373 (50.9%) 1.00 8846/17 373 (50.9%) 1.00 e
Yes 93/299 (31.1%) 0.44(0.34-0.56) 93/299 (31.1%) 0.78(0.59-1.03) } o
ARB: No 7541/13794(54.7%) 1.00 7541/13 794 (54.7%) 1.00 [
Yes 1398/3878(36.0%) 0.47(0.43-0.50) 1398/3878 (36.0%) 1.00(0.91-1.11) : L
Diuretic drug: No 8740/17 115(51.1%) 1.00 8740/17 115(51.1%) 1.00 3 [
Yes 199/557 (35.7%) 0.53(0.45-0.64) 199/557 (35.7%) 1.03(0.84-1.27) L
Antidiabetic drug: No 8549/16 463 (51.9%) 1.00 8549/16 463(51.9%) 1.00 [
Yes 390/1209 (32.3%) 0.44(0.39-0.50) 390/1209 (32.3%) 0.85(0.73-0.99) ! .
History of gouty arthritis*:
No 6814/14 466 (47.1%) 1.00 6814/14 466 (47.1%) 1.00 ’
Yes  2125/3206 (66.3%) 2.21(2.04-2.39) 2125/3206 (66.3%) 4.19 (3.82-4.60)
i i
001 01 1 10 100

FIGURE 3

Factors associated with occurrence of gouty arthritis: logistic regression analysis. The forest plot shows the point estimate and

95% Cl for the OR in multivariate analysis. The objective variable was whether gouty arthritis occurred between April 2016 and March 2017, and
the explanatory variables were from data during the 6-month period between October 2015 and March 2016. T Comorbidities include

hypertension, type 2 diabetes, ischemic heart disease, heart failure, cerebrovascular disease, hyperlipidemia, renal dysfunction. ¥ The most recent
6 months prior to the study period. ACE, angiotensin converting enzyme; ARB, angiotensin Il receptor blocker; MPR, medication possession ratio;

OR, odds ratio; sUA, serum uric acid; ULT, urate-lowering therapy
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regular medications on their check-up day, and sUA level was gener-
ally measured only once a year. Finally, this was an observational
study, making it difficult to show whether achieving the target sUA
level caused a reduction in the occurrence of gouty arthritis. Further
interventional studies are needed to answer this question.

In conclusion, within the data available in this study, severe renal
dysfunction was the most important risk factor for failure to achieve
target sUA, indicating that disease management was suboptimal in
patients with gout or hyperuricemia complicated by this condition.
We also identified the following factors as lowering the likelihood of
gouty arthritis: monitoring of sUA level, greater adherence to the use
of ULT, and more comorbidities. These findings suggest that occur-
rence of gouty arthritis could be more successfully managed by regu-

lar monitoring of sUA levels and continuing use of ULT.
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