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Purpose: Clinical guidelines recommend febuxostat as first-line pharmacologic urate-lowering 

therapy for patients with gout to achieve a goal serum uric acid (sUA) <6 mg/dL; however, little 

is known about other contributing factors. This study identified clinical characteristics of patients 

treated with febuxostat to develop and validate a predictive model for achieving a goal sUA.

Patients and methods: Patients with Humana Medicare or commercial insurance, diagnosed 

with gout and newly initiated on febuxostat (index date February 1, 2009 – December 31, 2013), 

were identified for a retrospective cohort study. Patients were followed for 365 days and the first 

valid sUA test result ≥120 days after index was retained. A stepwise logistic regression with 

backward elimination was estimated to model sUA goal attainment, and a linear model was 

estimated to model the impact of predictor variables on sUA level.

Results: The study sample (n=678) was divided into a development (training) dataset (n=453) 

and a validation (holdout) dataset (n=225). In the training sample, patients in the sUA <6 mg/dL 

group were on febuxostat for a longer time, were more adherent, and had a lower average base-

line sUA level (all p<0.0001) vs patients in the sUA ≥6 mg/dL group. In the logistic model, 

febuxostat adherence (odds ratio [OR]=1.03, p<0.0001) and baseline sUA level (OR=0.84, 

p<0.0001) increased the odds of attaining sUA <6 mg/dL. In the linear regression model, increase 

in febuxostat adherence (p<0.0001), baseline sUA level (p<0.0001), advanced age (p=0.0021), 

and not having congestive heart failure (p<0.05) were associated with a reduction of sUA level. 

Pre-index allopurinol use was a marginally significant predictor of sUA level reduction (p=0.06).

Conclusions: Among febuxostat users diagnosed with gout in a real-world setting, adherence 

to febuxostat and lower baseline sUA level were the strongest predictors of attaining sUA goal. 

These findings may help clinicians to identify appropriate patients most likely to benefit from 

febuxostat treatment, and underscore the importance of medication adherence in this challeng-

ing patient population. 
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Introduction
Gout, a common rheumatic disease in the USA, has a self-reported prevalence of ~8.3 

million individuals (National Health and Nutrition Examination Surveys, 2007–2008).1 

Gout is caused by monosodium urate crystal deposition in synovial fluid and other 

tissues that occurs as a result of elevated serum urate concentrations. Half of US adults 

with gout have an indication for urate-lowering therapy (ULT), and two-thirds have a 

serum uric acid (sUA) level above target (≥6 mg/dL).2 Failure to achieve sUA target 

can lead to increased flare risk, tophaceous gout, and joint damage.3,4
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Current clinical guidelines specified by the 2012 Ameri-

can College of Rheumatology suggest the use of xanthine 

oxidase inhibitor therapy with either allopurinol or febuxostat 

as first-line pharmacologic ULT for patients to achieve a 

minimum sUA goal <6 mg/dL. In individuals with greater 

disease severity and urate burden such as presence of tophi, 

a further reduction in sUA to <5 mg/dL may be needed to 

improve gout signs and symptoms.5 In some patient popu-

lations with gout, like those with chronic kidney disease, 

there is evidence to suggest that febuxostat may positively 

impact renal function.6,7 Additionally, febuxostat as first-

line therapy was found to be less expensive compared to 

allopurinol for total cost of care.8 In another published study, 

older patients (age) and women (sex) were associated with a 

greater likelihood of reaching sUA goal, while patients with 

higher Charlson Comorbidity Index scores, blacks, and those 

with a low estimated glomerular filtration rate (GFR) had a 

reduced likelihood of attaining sUA goal.9 Hatoum et al in 

comparing real-world effectiveness between febuxostat and 

allopurinol found that patients initiating febuxostat had more 

comorbidities compared to those on allopurinol, including 

lower GFRs, more diabetes mellitus, and greater likelihood of 

having gouty tophi.9 Similar findings were reported by Kim 

et al, wherein patients receiving febuxostat had more comor-

bidities, greater health care utilization, and were prescribed 

a higher number of gout-related medications compared with 

patients receiving allopurinol or colchicine.10

Although published studies provide evidence of effective-

ness of febuxostat in achieving sUA goal, further evidence 

is needed to determine the predictors of attaining sUA goal 

among users of febuxostat. A predictive model using real-

world data may aid clinicians in identifying the appropriate 

patients likely to respond to febuxostat, and thereby improve 

the number of patients who achieve sUA <6 mg/dL. There-

fore, the objective of this study was to identify clinical 

characteristics of patients treated with febuxostat to develop 

and validate a predictive model for achieving a goal sUA 

<6 mg/dL.

Materials and methods
Data source
The study sample was selected from a health and well-being 

company serving millions of people across the country 

through Medicare Advantage, stand-alone Prescription Drug 

Plan, and commercial plan offerings. This database contains 

integrated medical claims, pharmacy claims, laboratory 

claims, and enrollment data, representing over 20 million cur-

rent and former people with Humana insurance. The database 

has national coverage with a high proportion of persons from 

Texas, Florida, and Ohio and is one of the largest Medicare 

Advantage claims databases in existence. For this study, 

Humana commercial and Medicare Advantage populations 

in a limited dataset were examined. The full study period was 

from February 1, 2008, through December 31, 2014. The final 

research protocol was approved by Schulman Institutional 

Review Board. The data were anonymized to protect subject 

privacy in compliance with Health Insurance Portability and 

Accountability Act regulations.

Study population
The study population consisted of persons in commercial 

and Medicare Advantage plans, aged 18–89 years, who initi-

ated therapy on febuxostat between February 1, 2009, and 

December 31, 2013. The first febuxostat prescription was 

considered the index date. Eligible patients were required 

to have at least 12 months of continuous enrollment before 

(pre-index period) and after (post-index period) the index 

date, a gout diagnosis during the pre-index period or within 

30 days after index, a valid baseline sUA test result on or 

before index, and a valid sUA test result at least 120 days 

after index. Patients with an allopurinol claim during the 

post-index period or at least one of the following during pre-

index were excluded from study eligibility: Stage 5 chronic 

kidney disease, evidence of an organ transplant, a diagnosis or 

therapy for human immunodeficiency virus/acquired immune 

deficiency syndrome, use of pegloticase within 2 months 

prior to index, or a cancer diagnosis without any other gout 

medications at any time during the 24-month study period.

Among the eligible patients, the first valid sUA test result 

at least 120 days after the index date, but within 365 days 

post-index, was collected and used to determine whether 

patients attained a goal sUA <6 mg/dL. The study sample 

was then divided into two cohorts: those who achieved sUA 

goal and those who did not.

Study variables
Descriptive measures were reported for each cohort. These 

included demographic characteristics such as age at index 

date, gender, race (only available in the Medicare population), 

and geographic region. Baseline comorbidities, including 

chronic kidney disease, hypertension, type 2 diabetes, coro-

nary artery disease, congestive heart failure, stroke, hyper-

lipidemia, and peripheral vascular disease, were captured 

over the 12-month pre-index period, as was the presence of 

gouty tophi, the number of gout flares, the Deyo–Charlson 

comorbidity index,11 and RxRisk-V composite risk score.12,13 
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Prescription-based measures were also collected during the 

pre-index period, including the use of thiazide diuretics, 

urate-lowering medications, symptomatic gout medications, 

and allopurinol. The baseline sUA level (defined as the most 

recent valid sUA test result on or prior to the index date) 

was also collected and included as a continuous variable. 

Additional measures associated with febuxostat use in the 

follow-up period were reported, including number of days 

on therapy, adherence (proportion of days covered [PDC] 

method), dose of the index febuxostat prescription, and 

patient out-of-pocket expenditures.

Statistical analysis
T-tests and nonparametric tests were used to compare con-

tinuous measures across the two cohorts, and chi-square 

tests were used for categorical measures. All measures with a 

p-value <0.2 or deemed to be clinically relevant were included 

in the initial models.

PDC was calculated using the following formula:

PDC = Total number of days for which febuxostat medi-

cation was available to the patient from index through date 

of first sUA test result/Days from index date through first 

sUA test result.

The minimum value for the denominator was 120, 

because only sUA test results at least 120 days after index 

were considered. The maximum value was 365. For patients 

with overlapping prescriptions (i.e., having a prescription 

filled before the days’ supply of the previous script ran out), 

the PDC method adjusts the start date of the new prescription 

to begin the day after the prior prescription’s days’ supply 

ended.

Predictive modeling
The study sample was divided using a 2:1 ratio into a train-

ing (development) dataset and a validation (holdout) dataset. 

Separate logistic and linear regression models were developed 

using the training dataset. The logistic model was developed 

to predict the probability of attaining sUA goal; the linear 

model was designed to examine the impact the predictor 

variables would have on the sUA level itself. The dependent 

variable in both instances was the sUA value associated 

with the first valid sUA test result at least 120 days after the 

index date. Seventeen input variables were considered for the 

initial models: age, gender, and race; presence of coronary 

artery disease, stroke, hyperlipidemia, peripheral vascular 

disease, congestive heart failure, chronic kidney disease, 

hypertension, and type 2 diabetes; baseline sUA, days on 

febuxostat therapy, febuxostat PDC, index dose of febuxostat, 

use of allopurinol in the pre-index period, and the RxRisk-V 

comorbidity score.

The logistic model employed multivariable stepwise 

logistic regression with backward elimination. A p-value 

of <0.2 was required for each variable for retention in the 

model. For each variable in the final logistic model, parameter 

estimates (PE), odds ratios (ORs), 95% CIs, and p-values 

were reported. Additionally, the area under the curve, con-

cordance statistics (c-statistics), and Hosmer–Lemeshow 

goodness-of-fit statistics were reported. The linear model 

used a similar multivariable stepwise approach, also with a 

p-value of <0.2 for retention in the model. PE, 95% CIs, and 

p-values were presented for each variable in the final linear 

model. The R-square and F-values were reported as well. The 

logistic and linear final models were both run on the valida-

tion dataset, with similar performance and fit statistics being 

reported. Receiver operator characteristic (ROC) curves were 

generated for the logistic model. Additional tests for model 

robustness were employed by limiting the pre-index data 

capture period from 365 to 180 days, and then rerunning the 

final models to check for stability among PE.

Results
Attrition and baseline characteristics
A total of 678 eligible patients met all inclusion criteria and 

were identified for the study sample (Table 1). Among these 

patients, 356 met the sUA goal <6 mg/dL, while 322 had an 

sUA ≥6 mg/dL. Demographics, baseline clinical measures, 

and febuxostat therapy statistics were reported for each of 

these two cohorts in Table 2. The mean age was comparable 

between the groups who achieved vs. did not achieve sUA 

goal (68.8 vs. 67.9 years, p=0.30), as was the percentage of 

female patients (36.5% vs. 38.5%, p=0.59) and patients resid-

ing in the South (81% for both, p=0.97). The distribution of 

race was marginally different between the two groups (64% 

vs. 57% white; p=0.055). The Deyo–Charlson comorbidity 

index (2.3 vs. 2.4, p=0.72) and RxRisk-V score (7.8 vs. 8.0, 

p=0.36) were comparable between the two groups.

Measures that were different between those who met 

and those who did not meet sUA goal included adherence 

to febuxostat therapy (PDC of 0.82 vs. 0.59; p<0.01), total 

days on febuxostat therapy (171 vs. 126, p<0.01), baseline 

sUA level (7.9 vs. 8.8 mg/dL, p<0.01), and index febuxostat 

dose of 40 mg (68% vs. 77%, p=0.01). Also notable was 

the number of patients with type 2 diabetes (44% vs. 50%, 

p=0.09). Two additional variables (hypertension, p=0.16 and 

congestive heart failure, p=0.13) had a p-value <0.2 (Table 2). 

Ten additional measures were considered for the models based 
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on general relevance to attaining sUA goal: age, gender, race, 

RxRisk-V score; presence of coronary artery disease, chronic 

kidney disease, stroke, hyperlipidemia, and peripheral vascu-

lar disease; and the use of allopurinol in the pre-index period.

Baseline demographics and clinical characteristics for the 

training and validation samples are included in Tables S1 and 

S2. Using the training sample (n=453), a logistic regression 

model was developed (Table 3). Among the 17 variables 

included in the initial model, three were retained in the 

final model: febuxostat PDC (OR=1.03, 95% CI 1.02–1.04, 

p<0.01), baseline sUA level (OR=0.84, 95% CI 0.77–0.91, 

p<0.01), and allopurinol use pre-index (OR=0.72, 95% CI 

0.48–1.10, p=0.13). A robustness test was implemented by 

rerunning the final model on the training dataset, but using 

only 180 days of data capture instead of the full 365 days 

prior to the index date. The 180-day model estimates were 

comparable to the 365-day base model. Febuxostat PDC 

(OR=1.03, 95% CI 1.02–1.04, p<0.01) and baseline sUA level 

(OR=0.83, 95% CI 0.75–0.91, p<0.01) were nearly identi-

cal; allopurinol use had a stronger negative association with 

achieving sUA goal (OR=0.58, 95% CI 0.38–0.90, p=0.02).

The linear regression model was run on the training 

sample using the same 17 input variables as the logistic 

model; five were retained in the final model. These included 

febuxostat PDC (PE=−0.040, 95% CI −0.046 to −0.033, 

p<0.01), baseline sUA level (PE=0.184, 95% CI 0.111–0.257, 

p<0.01), age (PE=−0.025, 95% CI −0.041 to −0.009, p<0.01), 

presence of congestive heart failure (PE=0.512, 95% CI 0.090 

to 0.935, p=0.02), and allopurinol use in the pre-index period 

(PE=0.253, 95% CI −0.102 to 0.609, p=0.16). A similar 

robustness test using data collected over a 180-day pre-index 

period was employed for the linear model, and the PE were 

similar to the 365-day base model. Febuxostat PDC and 

baseline sUA level remained the strongest predictors (p<0.01 

for both). An increase of one percentage point in febuxostat 

PDC was associated with a decrease in sUA level by 0.04 

units. Age (p<0.01) and congestive heart failure (p=0.04) 

were also statistically significant, and pre-index allopurinol 

use (p=0.06) was marginally significant (Table 4).

Performance and fit were assessed for both the logistic and 

linear models. The logistic model developed on the training 

dataset had a c-statistic of 0.73 and a goodness-of-fit statistic 

of 2.92 (p=0.94). This model was then validated in the holdout 

sample (n=225) and achieved similar performance metrics 

(c-statistic=0.78; goodness of fit=3.82, p=0.87). The final lin-

ear model had an R-square of 0.31 (adjusted R-square of 0.30) 

and an F-statistic of 40.3 (p<0.01); when run on the validation 

sample, the model had similar performance, with an R-square 

of 0.33 (adjusted R-square of 0.32) and an F-statistic of 103.4 

(p<0.01) (Table 5). For the logistic model, ROC curves were 

generated for both the training and validation datasets, with 

both indicating strong model performance (Figure 1).

Table 1 Attrition table for study cohort

Criteria, n (%) Subjects excluded Subjects remaining

Inclusion criteria
History of a paid claim for a febuxostat prescription processed through the pharmacy benefit 
with a service date between February 1, 2009, and December 31, 2013

9,108 (100.0)

>1 medical claim with a gout diagnosis code (ICD9 code: 274.xx) in any position during the 
12-month pre-index period or within 30 days after the index date

1,861 (20.4) 7,247 (79.6)

Continuous enrollment in a fully insured commercial or Medicare Advantage with Prescription 
Drug plan for 12 months pre- and post-index date

3,188 (35.0) 4,059 (44.6)

A valid serum uric acid test result at least 120 days after the index date 2,593 (28.5) 1,466 (16.1)

At least one valid serum creatinine test result during the 24-month observation period 38 (0.4) 1,428 (15.7)

Age 18–89 as of the index date 26 (0.3) 1,402 (15.4)

At least one baseline serum uric acid test result (on or before index) 259 (2.8) 1,143 (12.5)
Exclusion criteria
Patients with an allopurinol claim within 12 months after the index date 328 (3.6) 815 (8.9)

Patients with a cancer diagnosis receiving no other gout medications during the 24-month 
observation period

83 (0.9) 732 (8.0)

Evidence of stage 5 chronic kidney disease 37 (0.4) 695 (7.6)

Patients with organ transplantation 17 (0.2) 678 (7.4)

Patients who received pegloticase <2 months prior to index 0 (0.0) 678 (7.4)

A diagnosis (one inpatient or two outpatient nondiagnostic) of HIV/AIDS or use of an HIV 
specific medication

0 (0.0) 678 (7.4)

Final study sample 678

Abbreviations: AIDS, acquired immune deficiency syndrome; HIV, human immunodeficiency virus.
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Discussion
This study highlights the predictors associated with attaining 

sUA goal (<6 mg/dL) among febuxostat users diagnosed with 

gout in a real-world setting. The main predictors of attain-

ing sUA goal <6 mg/dL were febuxostat adherence (positive 

association), baseline sUA level (negative association), and 

prior allopurinol use (negative association), estimated by 

both logistic and linear regression models. Age (positive 

association) and presence of congestive heart failure (nega-

tive association) were found to be significant predictors in 

the linear model.

The overall results of this study are consistent with find-

ings from prior claims-based analyses. These prior studies 

helped to inform the variables to be included as model inputs 

for this study. Kim et al in a population-based cohort study 

described clinical characteristics and health care utilization 

of patients with gout before and after initiating allopurinol, 

febuxostat, or colchicine. Among patients who had a baseline 

sUA >6.8 mg/dL, the mean (±SD) change in uric acid levels 

was −2.6 (±2.3) mg/dL in febuxostat initiators. Moreover, 

56% of febuxostat users achieved the target sUA level.10 A 

similar trend was seen in a study by Hatoum et al; at the 2-year 

Table 2 Group means and counts for model variables by sUA goal attainment

Parameter sUA level  
(<6 mg/dL) n=356

sUA level  
(≥6 mg/dL) n=322

p-valuea

Age, mean (SD), years 68.8 (11.0) 67.9 (11.4) 0.3037
Gender, n (%) Female 130 (36.5) 124 (38.5) 0.5925
Raceb

White 228 (64.0) 183 (56.8) 0.0549
Black 39 (11.0) 59 (18.3) 0.0064
Hispanic and Other 17 (4.8) 11 (3.4) 0.3745
Unknown 72 (20.2) 69 (21.4) 0.6997

Geographic region, n (%)
Northeast 0 (0.0) c 0.1364
Midwest 37 (10.4) 40 (12.4) 0.4057
South 287 (80.6) 260 (80.7) 0.9665
West 32 (9.0) 20 (6.2) 0.1747

Index febuxostat dose (40 vs 80 mg), n (%) 243 (68.3) 247 (76.7) 0.0141
Febuxostat adherence following the index date (PDC), n (SD) 0.82 (0.21) 0.59 (0.30) <0.0001
Days on febuxostat therapy prior to sUA lab value record, n (SD) 171 (71) 126 (77) <0.0001
Patient out-of-pocket expenditures per febuxostat scriptd $33 ($23) $32 ($24) 0.421
Deyo–Charlson comorbidity index, n (SD) 2.3 (2.4) 2.4 (2.2) 0.7206
RxRisk-V comorbidity index, n (SD) 7.8 (3.2) 8.0 (3.1) 0.3596
Presence of chronic kidney disease, n (%)

Stage 1 c c 0.2166
Stage 2 c 16 (5.0) 0.0555
Stage 3 111 (31.2) 91 (28.3) 0.4066
Stage 4 41 (11.5) 41 (12.7) 0.6277

Hypertension, n (%) 321 (90.2) 300 (93.2) 0.1599
Type 2 diabetes, n (%) 156 (43.8) 162 (50.3) 0.0908
Coronary artery disease, n (%) 123 (34.6) 115 (35.7) 0.7512
Congestive heart failure, n (%) 68 (19.1) 77 (23.9) 0.127
Stroke, n (%) 52 (14.6) 48 (14.9) 0.9124
Hyperlipidemia, n (%) 293 (82.3) 264 (82.0) 0.9146
Peripheral vascular disease, n (%) 44 (12.4) 47 (14.6) 0.3936
Number of gout flares during the pre-index period, n (SD) 1.2 (1.2) 1.2 (1.3) 0.8154
Number of symptomatic gout medications, n (SD) 5.1 (5.0) 4.7 (4.7) 0.331
Urate-lowering medications, n (%) c c 0.8494
Thiazide diuretics, n (%) 36 (10.1) 37 (11.5) 0.5631
Use of allopurinol in the pre-index period, n (%) 217 (61.0) 187 (58.1) 0.4453
Average daily dose of allopurinol in the pre-index period, n (SD) 54 mg (79 mg) 45 mg (70 mg) 0.2308
Indication of gouty tophi in the pre-index period, n (%) 15 (4.2) 11 (3.4) 0.5893
Baseline sUA level, n (%) 7.9 (2.3) 8.8 (2.3) <0.0001

Notes: aBased on either a t-test or nonparametric test for continuous measures and a chi-square test for categorical measures. bRace is available only for the Medicare 
population. cSuppressed because cell count <10 in accordance with Health Insurance Portability and Accountability Act privacy rules. dScripts converted to 30-day equivalents, 
for example, a 90-day febuxostat script was counted as three scripts. $= US dollars (USD).
Abbreviations: PDC, proportion of days covered; sUA, serum uric acid.
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follow-up post-initiation of ULT, 58.2% of febuxostat users 

reached the target sUA goal (<6 mg/dL).9 The most recent 

study confirming these findings, Singh et al, reported that 

56.9% of febuxostat users attained the <6 mg/dL goal and 

35.5% attained the <5 mg/dL goal.14

Among allopurinol users, male gender has been associ-

ated with decreased compliance and increasing age has been 

associated with increased compliance.15 Older patients and 

women9,16 were more likely to reach target sUA goal, and 

patients with higher baseline sUA were less likely to reach 

goal in other studies.9 Similarly, the linear regression model in 

this study showed evidence that in patients using febuxostat, 

increased age was associated with a decrease in sUA level, 

even when controlling for PDC. Patients using febuxostat in 

this study population had multiple comorbidities (see DCI and 

RxRisk-V scores in Table 2) with hypertension, hyperlipid-

emia, and type 2 diabetes being the most prevalent. A similar 

patient profile was seen in the Kim et al study, where users of 

febuxostat had more comorbidities (cardiovascular disease, 

heart failure, and chronic kidney disease) than allopurinol or 

colchicine initiators.10 Hatoum et al observed that febuxostat 

was prescribed for the more severe patients compared to 

allopurinol users, with a higher proportion of patients treated 

with febuxostat reporting baseline sUA >9 mg/dL compared 

to patients treated with allopurinol. Moreover, patients treated 

with allopurinol who switched to febuxostat after failing to 

reach goal were more likely to reach goal on febuxostat than 

those who were maintained on allopurinol.9,16 In our study, 

patients treated with allopurinol in the pre-index period fared 

worse than those without prior allopurinol use, which may 

be indicative of treatment resistance or disease severity for 

patients previously treated with allopurinol. Further research 

will be needed, comparing these patients to other patients 

treated with allopurinol, to determine whether failing allo-

purinol is an indicator of being difficult to treat long-term.

Febuxostat adherence was found to be a significant pre-

dictor in attaining sUA goal in both the logistic and linear 

regression models. Adherence to febuxostat showed a positive 

relationship with uric acid levels in patients who attained 

sUA goal <6 mg/dL as well as the more stringent goal sUA 

Table 3 Parameter estimates for multivariate model of sUA goal attainment (logistic model) in the training sample

Parameter Parameter 
estimate

Adjusted odds ratio 
(95% CI)

p-value

Initial model (n=453) Age 0.021 1.02 (1.00, 1.05) 0.0853
Gender, male −0.053 0.90 (0.55, 1.46) 0.6656
Racea

Black (Ref=White) −0.160 0.89 (0.48, 1.65) 0.6176

Hispanic (Ref=White) −0.342 0.74 (0.13, 4.29) 0.6386

Other (Ref=White) 0.349 1.48 (0.42, 5.30) 0.5193

Unknown (Ref=White) 0.200 1.28 (0.67, 2.43) 0.5416
Presence of coronary artery disease 0.279 1.32 (0.77, 2.28) 0.3145
Presence of stroke 0.030 1.03 (0.55, 1.92) 0.9241
Presence of hyperlipidemia 0.009 1.01 (0.57, 1.79) 0.9744
Presence of peripheral vascular disease −0.131 0.88 (0.46, 1.67) 0.6906
Presence of congestive heart failure −0.498 0.61 (0.34, 1.09) 0.0922
Presence of chronic kidney disease −0.130 0.88 (0.56, 1.38) 0.5733
Presence of hypertension −0.352 0.70 (0.31, 1.59) 0.3992
Presence of type 2 diabetes −0.145 0.87 (0.55, 1.37) 0.5370
Febuxostat adherence following the index date (PDC) 0.028 1.03 (1.02, 1.04) <0.0001
Days on febuxostat therapy prior to sUA lab value record 0.001 1.00 (1.00, 1.01) 0.7381
Baseline sUA level −0.170 0.84 (0.77, 0.92) 0.0002

Index febuxostat dose=40 mg (Ref=80 mg) −0.115 0.80 (0.49, 1.28) 0.3427
Allopurinol use in the pre-index period −0.358 0.70 (0.45, 1.08) 0.1056
RxRisk-V Score 0.016 1.02 (0.94, 1.10) 0.7120

Final model (n=453) Febuxostat adherence following the index date (PDC) 0.029 1.03 (1.02, 1.04) <0.0001
Baseline sUA level −0.180 0.84 (0.77, 0.91) <0.0001
Allopurinol use in the pre-index period −0.326 0.72 (0.48, 1.10) 0.1256

Final model (180 days 
pre-index; n=418)

Febuxostat adherence following the index date (PDC) 0.030 1.03 (1.02, 1.04) <0.0001
Baseline sUA level −0.190 0.83 (0.75, 0.91) <0.0001
Allopurinol use in the pre-index period −0.542 0.58 (0.38, 0.90) 0.0150

Note: aRace is available only for the Medicare population.
Abbreviations: PDC, proportion of days covered; sUA, serum uric acid.
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<5 mg/dL. Although low compliance with allopurinol has 

been reported (average noncompliance of 44% of their treat-

ment period),15,17,18 the effect of compliance on attaining sUA 

goal has not been studied among these patients,19 restricting 

comparisons with febuxostat users.

These study findings may help clinicians identify appro-

priate patients who are most likely to benefit from treatment 

with febuxostat, taking into account the predictors to help 

patients achieve target sUA level. This is not to say that 

individuals with higher baseline sUA, allopurinol-refractory 

hyperuricemia, and congestive heart failure would not benefit 

from febuxostat use. To the contrary, these cases would likely 

benefit even though they may not compare as favorably to the 

general population because they are more difficult to treat. 

Similarly, confounding may have the consequence that older 

patients would benefit more than younger patients. Although 

not evaluated in the current study, these findings warrant 

further research.

In this study, several clinical variables were examined and 

febuxostat adherence was a significant predictor of reaching 

sUA goal. Recognizing that less than half of patients with 

gout are adherent to therapy in a real-world setting,20 this 

study underscores the importance of medication adherence 

in this patient population. Also, within this patient population 

Table 4 Parameter estimates for multivariate linear model of sUA in the training sample

Parameter Parameter 
estimate

95% Confidence  
limits

p-value

Initial model 
(n=453)

Age −0.033 (−0.054, −0.013) 0.0013

Gender=Male (Ref=Female) 0.313 (−0.097, 0.723) 0.1341

Race=White (Ref=Unknown) 0.463 (−0.088, 1.013) 0.0995

Race=Black (Ref=Unknown) 0.299 (−0.379, 0.976) 0.3868

Race=Hispanic (Ref=Unknown) 1.270 (−0.365, 2.905) 0.1275

Race=Other (Ref=Unknown) 0.443 (−0.708, 1.593) 0.4501
Presence of coronary artery disease 0.112 (−0.349, 0.573) 0.6337
Presence of stroke 0.180 (−0.355, 0.716) 0.5083
Presence of hyperlipidemia −0.237 (−0.727, 0.253) 0.3423
Presence of peripheral vascular disease −0.015 (−0.564, 0.535) 0.9584
Presence of congestive heart failure 0.377 (−0.110, 0.864) 0.1286
Presence of chronic kidney disease −0.047 (−0.433, 0.338) 0.8090
Presence of hypertension −0.264 (−0.951, 0.422) 0.4491
Presence of type 2 diabetes 0.199 (−0.196, 0.594) 0.3221
Febuxostat adherence following the index date (PDC) −0.045 (−0.054, −0.035) <0.0001
Days on febuxostat therapy prior to sUA lab value record 0.002 (−0.001, 0.006) 0.2496
Baseline sUA level 0.183 (0.107, 0.259) <0.0001
Index febuxostat dose=40 mg (Ref=80 mg) −0.006 (−0.017, 0.004) 0.2252
Allopurinol use in the pre-index period 0.258 (−0.108, 0.624) 0.1665
RxRisk-V Score 0.014 (−0.057, 0.084) 0.7056

Final model 
(n=453)

Final Model 
(180 days 
pre-index; 
n=418)

Age −0.025 (−0.041, −0.009) 0.0021
Presence of congestive heart failure 0.512 (0.090, 0.935) 0.0175
Febuxostat adherence following the index date (PDC) −0.040 (−0.046, −0.033) <0.0001
Baseline sUA level 0.184 (0.111, 0.257) <0.0001
Allopurinol use in the pre-index period 0.253 (−0.102, 0.609) 0.1621
Age −0.027 (−0.043, −0.010) 0.0015
Presence of congestive heart failure  0.496  (0.022, 0.970) 0.0401
Febuxostat adherence following the index date (PDC) −0.040 (−0.047, −0.033) <0.0001
Baseline sUA level 0.170 (0.093, 0.247) <0.0001
Allopurinol use in the pre-index period 0.353 (−0.017, 0.722) 0.0614

Note: Race is available only for the Medicare population.
Abbreviations: PDC, proportion of days covered; sUA, serum uric acid.

Table 5 Performance measures for predicting sUA goal attainment

Training 
(n=453)

Validation (n=225)

Logistic model
Goodness-of-fit statistic 2.92 (p=0.94) 3.82 (p=0.87)
C-statistic 0.725 0.776
Linear model
R-square 0.3107 0.3344
Adjusted R-square 0.3030 0.3192
F statistic 40.30 (p<0.01) 103.40 (p<0.01)

Abbreviation: sUA, serum uric acid.
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there are high percentages of chronic comorbidities. Further 

studies are, therefore, needed in specific patient populations 

such as chronic kidney disease or diabetes to better under-

stand the impact of comorbidities in achieving sUA goals.6,21

Limitations common to studies using administrative 

claims data apply to this study. These include lack of certain 

information in the database (e.g., socioeconomic factors 

and health behavior information) and errors and omissions 

in claims coding. Generalizing the study findings to the US 

population should be approached with caution. Even though 

study subjects were selected from the membership of a 

national health plan, the geographic distribution is unbalanced, 

with the largest number of persons in the Southern region, 

fewer in the Midwest region, and a much smaller number in 

the West and Northeast. Presence of multiple comorbidities 

in the study population indicates other factors that might 

have influenced treatment decisions. Exposure to febuxostat 

was determined by the presence of a prescription claim; this 

does not necessarily mean that the drug was taken. This is 

an inherent limitation in measuring adherence using claims 

data. While sUA was measured as a continuous variable, a 

logistic model was developed using sUA goal attainment as a 

binary outcome. Logistic regression was chosen to allow for 

simpler interpretation of the results for clinicians. The linear 

model was also developed with sUA as a continuous variable 

to confirm results from the logistic model.

Conclusion
This study found that among febuxostat users diagnosed with 

gout in a real-world setting, adherence to febuxostat and lower 

baseline sUA level were the strongest predictors of attain-

Figure 1 ROC curves for the logistic model: training and validation samples.
Abbreviation: ROC, receiver operator characteristic.
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ing sUA goal. These findings may help clinicians identify 

appropriate patients most likely to benefit from febuxostat 

treatment and underscore the importance of medication 

adherence in this challenging patient population.
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Supplementary materials

Table S1 Baseline demographics for training and validation samples

Measure Training sample (n=453) Validation sample (n=225)

sUA level  
(<6 mg/dL)

sUA level  
(≥6 mg/dL)

p-value sUA level  
(<6 mg/dL)

sUA level  
(≥6 mg/dL)

p-value

n 238 215 118 107
Age, years (SD) 69.3 (11.4) 68.3 (11.0) 0.3269 67.6 (9.9) 67.0 (12.3) 0.5849
Age category, n (%)

18–34 b b 0.4647 0 (0.0) b 0.1635
35–44 b b b b

45–54 18 (7.6) 18 (8.4) 12 (10.2) b

55–64 32 (13.4) 36 (16.7) 18 (15.3) 19 (17.8)
65–74 94 (39.5) 85 (39.5) 62 (52.5) 42 (39.3)
75–84 68 (28.6) 62 (28.8) 18 (15.3) 27 (25.2)
85–89 16 (6.7) b b b

Gender, n (%)
Male 151 (63.4) 132 (61.4) 0.6527 75 (63.6) 66 (61.7) 0.7713
Female 87 (36.6) 83 (38.6) 43 (36.4) 41 (38.3)

Racea, n (%)
White 149 (62.6) 124 (57.7) 0.5922 79 (66.9) 59 (55.1) 0.0304
Black 29 (12.2) 38 (17.7) 10 (8.5) 21 (19.6)
Hispanic b b b b

Other b b b 0 (0.0)
Unknown 50 (21.0) 44 (20.5) 22 (18.6) 25 (23.4)

Geographic region, n (%)
Northeast 0 (0.0) b 0.3684 0 (0.0) 0 (0.0) 0.1897
Midwest 29 (12.2) 26 (12.1) b 14 (13.1)
South 185 (77.7) 171 (79.5) 102 (86.4) 89 (83.2)
West 24 (10.1) 16 (7.4) b b

Notes: aRace is available only for the Medicare population. bSuppressed because cell count <10 in accordance with Health Insurance Portability and Accountability Act 
privacy rules.
Abbreviation: sUA, serum uric acid.
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Table S2 Baseline clinical characteristics for training and validation samples

Measure Training sample (n=453) Validation sample (n=225)

sUA level  
(<6 mg/dL)

sUA level  
(≥6 mg/dL)

p-value sUA level  
(<6 mg/dL)

sUA level  
(≥6 mg/dL)

p-value

N 238 215 118 107
Index febuxostat dose (40 mg), n (%) 167 (70.2) 161 (74.9) 0.2622 76 (64.4) 86 (80.4) 0.0077
Febuxostat adherence following the index date (PDC), 
n (SD)

0.82 (0.20) 0.62 (0.31) <0.0001 0.83 (0.21) 0.55 (0.30) <0.0001

Days on febuxostat therapy prior to sUA lab value 
record, n (SD)

169 (69) 129 (73) <0.0001 176 (76) 121 (86) <0.0001

Patient out-of-pocket expenditures per febuxostat 
script, n (SD)

$34 ($23) $31 ($22) 0.2510 $32 ($22) $34 ($28) 0.5502

Deyo–Charlson comorbidity index, n (SD) 2.5 (2.5) 2.6 (2.3) 0.6439 2.1 (2.1) 2.1 (1.9) 0.0531
Presence of chronic kidney disease stages 1–4, n (%) 111 (46.6) 108 (50.2) 0.4447 53 (44.9) 41 (38.3) 0.3163

Stage 1 a 0 (0.0) 0.1201 a a 0.4810
Stage 2 a a a a

Stage 3 75 (31.5) 67 (31.2) 36 (30.5) 24 (22.4)
Stage 4 30 (12.6) 27 (12.6) 11 (9.3) 14 (13.1)

Presence of hypertension, n (%) 211 (88.7) 201 (93.5) 0.0734 110 (93.2) 99 (92.5) 0.8390
Presence of type 2 diabetes, n (%) 108 (45.4) 108 (50.2) 0.3016 48 (40.7) 54 (50.5) 0.1407
Presence of coronary artery disease, n (%) 84 (35.3) 76 (35.3) 0.9903 39 (33.1) 39 (36.4) 0.5928
Presence of congestive heart failure, n (%) 52 (21.8) 57 (26.5) 0.2463 16 (13.6) 20 (18.7) 0.2943
Presence of stroke, n (%) 40 (16.8) 35 (16.3) 0.8801 12 (10.2) 13 (12.1) 0.6369
Presence of hyperlipidemia, n (%) 194 (81.5) 179 (83.3) 0.6271 99 (83.9) 85 (79.4) 0.3869
Presence of peripheral vascular disease, n (%) 33 (13.9) 31 (14.4) 0.8660 11 (9.3) 16 (15.0) 0.1942
Number of gout flares during the pre-index  
period, n (SD)

1.2 (1.1) 1.3 (1.3) 0.5699 1.2 (1.3) 1.0 (1.2) 0.6717

Number of symptomatic gout medications (colchicine, 
NSAIDs, glucocorticoids), n (SD)

4.8 (4.6) 5.0 (5.0) 0.7114 5.6 (5.6) 4.2 (4.1) 0.6972

Presence of urate-lowering medications (probenecid or 
sulfinpyrazone)

a a 0.8927 a a 0.5046

Presence of thiazide diuretics, n (%) 23 (9.7) 19 (8.8) 0.7619 13 (11.0) 18 (16.8) 0.2070
Use of allopurinol in the pre-index period, n (%) 137 (57.6) 127 (59.1) 0.7454 80 (67.8) 60 (56.1) 0.0701
Average daily dose of allopurinol in the pre-index 
period, n (SD)

48 mg (75 mg) 45 mg (72 mg) 0.9869 65 mg (84 mg) 45 mg (68 mg) 0.4479

Indication of gouty tophi in the pre-index period, n (%) 10 (4.2) a 0.7936 a a 0.5620
Baseline sUA level, n (SD) 8.0 (2.3) 9.0 (2.4) <0.0001 7.8 (2.2) 8.5 (2.1) 0.0233

Notes: aSuppressed because cell count <10 in accordance with Health Insurance Portability and Accountability Act privacy rules. $= US dollars (USD).
Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; PDC, proportion of days covered; sUA, serum uric acid.
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