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ABSTRACT. Objective. To assess factors associated with the ability to achieve and maintain target serum urate

(SU) with allopurinol in patients with gout.

Methods. We used US Veterans Affairs (VA) databases from 2002-2012. Eligible patients had > 1
inpatient or = 2 outpatient visits with a diagnostic code for gout, filled a new index allopurinol
prescription, had at least 1 posttreatment SU level measured, and met the 12-month observability
rule. Treatment successes were defined as the achievement of postindex SU < 6 mg/dl (success 1)
and postindex SU < 6 mg/dl that was sustained (success 2).

Results. Of the 198,839 unique patients with allopurinol use, 41,153 unique patients (with 47,072
episodes) and 17,402 unique patients (with 18,323 episodes) were eligible for analyses for success 1
and success 2; 42% each achieved (success 1) or achieved and maintained postindex SU < 6 mg/dl
(success 2). In multivariable-adjusted models, factors associated with significantly higher odds of
both outcomes were older age, normal body mass index, Deyo-Charlson index score of 0, rheuma-
tologist as the main provider rather than non-rheumatologist, midwestern US location for the
healthcare facility, a lower hospital bed size, military service connection for medical conditions of
50% or more (a measure of healthcare access priority), longer distance to the nearest VA facility, and
lower preindex SU.

Conclusion. We identified novel factors associated with maintaining SU < 6 mg/dl based on a
theoretical model. Several potentially modifiable factors can be targeted by individual/provider/
systems interventions for improving successful achievement and maintenance of target SU in patients

with gout. (J Rheumatol First Release February 1 2020; doi:10.3899/jrheum.190522)
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Failure to achieve and maintain target serum urate (SU) is a
critical shortcoming of current gout management'2-3. Fewer
than 50% of patients treated with allopurinol, an effective and
inexpensive urate-lowering therapy (ULT), achieve target SU
< 6 mg/dl'#. Maintenance of target SU is associated with lower
risk of gout flares and tophi and lower healthcare costs*10
and is recommended by every treatment guideline!!-!7.

A single US Veterans Affairs (VA) center study (n = 643;
253 with SU; 39%) reported that a lower medical comor-
bidity load was associated with higher odds of reaching the
target SU < 6 mg/dl'. In claims database studies, factors
associated with higher likelihood of achieving target SU
< 6 mg/dl were older age, female sex, higher allopurinol dose,
and the absence of kidney disease (n = 3363; 2059 had SU;
61%)'8; higher allopurinol adherence (n = 18,243; 4277 with
SU; 23%)!%; and female sex, older age, white race, rheuma-
tologist care, and higher allopurinol start dose and adherence
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(n = 9581 incident users)?’. These studies had important
limitations. All studies except 2'29, used prevalent user
design, which tends to bias estimates and overestimate
adherence. None examined factors associated with
maintaining target SU, the main goal recommended by gout
guidelines'! 2122, Most studies examined demographic and
clinical characteristics (i.e., predisposing factors), but none
evaluated gout severity (i.e., need factors), or important
system-level or healthcare access factors, such as region,
rural location, distance to the medical center, etc. (i.e.,
enabling factors)!18:1920 Therefore, significant knowledge
gaps remain. No conceptual model was invoked in any of
these studies. Andersen’s Behavioral Model of need,
enabling, and predisposing factors?>24 offers a potential
solution to improve our understanding of associated factors.

We examined the data from the VA healthcare system?-20,
the largest integrated healthcare system in the United States.
It provides care to 6 million participants annually2°. We
hypothesized that in patients with gout who are taking allo-
purinol, the needs, enabling, and predisposing factors based
on Andersen’s model?32* would be associated with a patient’s
ability to achieve and maintain target SU < 6 mg/dl; and the
initial allopurinol dose and previous allopurinol use in the
baseline year would also be associated independently with
these outcomes.

MATERIALS AND METHODS

Study cohort and eligibility and data sources. We used the VA national
databases from 2002 to 2012%7-28-29 which are reliable for demographics
and most common diagnoses® and valid for specific diagnoses’!. The
Institutional Review Board (IRB) at the University of Alabama at
Birmingham (X120928002) and the Birmingham VA Medical Center
(01487) approved the study. The IRB waived the need for informed consent
for this database study. We followed the Strengthening of Reporting in
Observational studies in Epidemiology (STROBE) guidelines2.

Patients were eligible if they had > 1 inpatient or > 2 outpatient visits
with an International Classification of Diseases, 9th ed (ICD-9) code 274 .x
for gout, were treated with allopurinol, had a postindex SU level taken, and
met the 12-month observability period (i.e., for each 12 months, there must
be an ICD-9 code 274.x recorded in the system). Index allopurinol
prescription was defined as no allopurinol exposure in the previous 121 days.
This included a 91-day clearance period and a 30-day grace period between
prescriptions, because patients often have a small stock of medication,
especially with the 90-day prescriptions, the most common day supply at
the VA. A gap of > 30 days between any 2 allopurinol prescriptions was
considered the end of an episode and led to the beginning of another drug
exposure period.

Patient demographic and comorbidity data were obtained from the VA
Patient Treatment File and Outpatient Clinic tables. Results of SU tests were
obtained from each Veterans Health Information Systems and Technology
Architecture system accessed, using VA Informatics and Computing
Infrastructure (VINCI)33. Medication data were obtained through the
Decision Support System’s Pharmacy National Data Extract, which contains
records for all inpatient and outpatient prescriptions, including every
medication filled and refilled from all VA facilities (number of days’ supply,
dose, number of pills, and the start and end date for medication filling and
refills). Provider factors were obtained from the MedSAS Outpatient
provider data. Systems factors [VA location, bed size, community-based
outpatient clinic (CBOC) vs VA clinic, etc.] were obtained from the VA
planning systems support group office and VINCI.

Outcome. We examined 2 key outcomes of success: (1) achieving target SU
< 6 mg/dl postindex allopurinol prescription [(i.e., during the followup at
any time 14 days or after the index allopurinol prescription (success 1)]; and
(2) maintaining target SU < 6 mg/dl [i.e., meeting the previous definition
and having all subsequent (= 2) SU levels < 6 mg/dl postindex prescription
during the followup, with at least 1 day between laboratory assessments
(success 2)].

Associated factors: covariates and potential confounders. We examined the
following factors, as they mapped to the Andersen’s Model?3-24,

Predisposing factors included these patient characteristics: age (in yrs),
sex, race/ethnicity (white, Hispanic, black or African American, other, and
unknown), body mass index, and marital status (single, married, divorced,
widowed, and unknown). Comorbidity was assessed using the
Deyo-Charlson index3*, a validated measure consisting of 17 comorbidities,
examined as summation score and categorized as 0, 1, or 2 or more
comorbidities.

Enabling factors were provider factors [i.e., the main provider of gout
care categorized by provider specialty as rheumatologists versus other
(non-rheumatologist; including primary care)].

System factors were the location of the VA facility (rural vs urban, affil-
iation with a teaching hospital, yes or no), outpatient clinic type (CBOC vs
VA medical center vs both vs other), VA facility bed size (categorized into
<50, 51-100, 101-200, and > 200), and region (mid-Atlantic, Midwest,
Northeast, South, and West).

Healthcare access factors included the distance to the nearest VA medical
center as a measure of accessibility, an important predictor of outcomes3>-3.
It was calculated as the straight-line miles from the centroid of the patient’s
residential postal code to the nearest VA site, as previously. Military service
connection and means test were also included, because both were significant
predictors of SU monitoring in our previous VA study?’. Military service
connection is an indicator of access to care. It ranges from 0% to 100% and
is awarded for conditions that begin during or result from active military
duty38. Veterans with = 50% service connection do not have co-payments
for medical care or prescriptions, and get priority in VA healthcare access.
Means test measures household income and assets and is completed
yearly by most veterans’®. Categories are AN (most needy but not
service-connected), AS (most needy and service connected), and C (not most
needy).

Regarding medication factors: allopurinol start dose was calculated as
unit dose x quantity divided by days’ supply based on the first and last filled
prescription and categorized as < 100, 101-200, 201-300, and > 300 mg/day.
We also examined any previous allopurinol use in the 1-year baseline.

Need factors were disease severity factors: duration of gout, assessed as
the time from meeting the definition (1 inpatient ICD-9 code or 2 or more
outpatient ICD-9 codes) to the beginning of the index allopurinol
prescription; and preindex SU level, categorized as < 6,6 to < 8, 8 to < 10,
10to < 12, and = 12 mg/dl.

Statistical analyses. We compared the characteristics of patients who did or
did not receive a post-allopurinol SU test as well as did or did not achieve
success 1 or 2, using chi-square/comparison of proportions test or t test as
applicable. We used multivariable-adjusted logistic regression models to
assess whether needs, enabling, and predisposing factors were associated
with the ability to achieve target SU < 6 mg/dl (Model 1a) and to achieve
and maintain SU < 6 mg/dl in gout patients taking allopurinol (Model 1b).
We reported OR and 95% CI. We performed sensitivity analyses by
(1) replacing Deyo-Charlson individual comorbidities in the main model
with a score (0, 1,=2; model 2a, 2b); and (2) additionally adjusting the main
model for allopurinol use in the baseline 1-year and the starting allopurinol
dose (model 3a, 3b). We performed exploratory analyses by additionally
adjusting the main model for allopurinol variables including the start and
the end dose, use in the baseline 1-year, dose escalation (normal, fast, slow,
none), and medication possession ratio (MPR; model 4a, 4b), calculated as
the medication supply actually received by the patient divided by medication
supply that could have been received.
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RESULTS
Cohort characteristics. Of the 627,693 patients with gout,
198,839 patients (310,695 episodes) had a new allopurinol
prescription and at least 12 months of observability (Figure
1). Of these, 41,153 patients (47,072 episodes) and 17,402
patients (18,323 episodes) contributed to the analyses for
achieving target SU (success 1) or maintaining target SU
(success 2), respectively.

The study cohort for achieving target SU (success 1) had
a mean age of 66.8 years, body mass index (BMI) of 33.6
kg/mz, were male (99%), and white (61%; Table 1).
Comorbidities were common and were higher compared to
patients who did not get a postindex prescription SU test
(Table 2). Characteristics were similar for the 2 study cohorts
for achieving target SU (success 1; Table 3) or maintaining
target SU (success 2; Table 4).
Unadjusted characteristics of patients achieving or
maintaining target SU. For the success 1 cohort, the mean
followup duration was 784.8 days (~26 mos; SD 810.3 days).
The mean time to achieving target SU was 273.3 days (~9
mos; SD 303.5 days) and mean allopurinol dose was 193.5
mg/day (SD 104 mg/day; Table 1). Only 42% patients each

achieved target SU (success 1: 17,284/41,153 patients;
19,535 episodes) or achieved and maintained target SU
(success 2: 7,309/17,402 patients; 18,323 episodes).
Unadjusted characteristics are shown in Tables 3 and 4. Mean
(SD) preindex SU was lower in patients reaching versus not
reaching target SU during followup: 7.8 (2.2) versus 8.9 (2.0)
mg/dl for achieving target SU (success 1); and 8.1 (2.2) mg/dl
versus 9.2 (2.1) mg/dl for achieving and maintaining target
SU (success 2).

Multivariable-adjusted correlates of achieving or main-
taining target SU. Factors associated with significantly higher
odds of achieving target SU < 6 mg/dl (success 1) were older
age, male sex, white race, rheumatologist as the main
provider of gout care, a lower hospital bed size of < 50 or
101-200 (compared to > 200), Midwest location for the
healthcare facility, and the presence of comorbidities
(rheumatologic disease, peptic ulcer disease, diabetes with
complications and severe liver disease; Table 3). Medical
comorbidities (heart disease, diabetes, and renal disease),
preindex SU higher than 8 mg/dl (vs 6 to < 8), and longer
gout duration were significantly associated with lower odds
of achieving target SU (Table 3).

627,693 unique patients, from 10/01/2002 to 09/30/2012

v

568,402 unique patients, with 686,523 episodes had >=1
Gout Dx (274) and 12 months observable time

v

203,466 unique patients, with 324,583 episodes had >=1
prescription record for urate-lowering therapy (Allopurinol/
Febuxostat/ Pegloticase/ Probenecid) within observable
cohort period

v

198,839 unique patients, with 310,695 episodes were
allopurinol users with 12 months of observability

Y

41,153 unique patients, with 47,072 episodes had >=1
follow-up serum urate test results (eligible for success 1)

v

17,402 unique patients, with 18,323 episodes had >=2 follow-
up serum urate test results (eligible for success 2)

Figure 1.Cohort selection flowchart. The flowchart shows the selection of a sample for the
study, based on eligibility criteria. We examined 41,153 people with gout for achievement
of target serum urate (success 1) and 17,402 people with gout for achievement and mainte-
nance of target serum urate (success 2).
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Table 1. Selected characteristics of overall sample and the study cohort.

Characteristics Total Sample, n = 310,695 Study Cohort with At Least 1
Episodes Postindex SU Measurement,
n =47,072 Episodes
N (%) or mean (SD) N (%) or mean (SD)
Male sex 307,992 (99.1) 46,659 (99.1)
Race/ethnicity
White 196,479 (63.2) 28,572 (60.7)
Black 65,664 (21.1) 11,376 (24.2)
Hispanic 11,928 (3.8) 2527 (54)
Other 19,444 (6.3) 2810 (6.0)
Unknown 17,180 (5.5) 1787 (3.8)
Age, mean (SD) 67.5(11.8) 66.8 (11.5)
BMI, kg/m2, mean (SD) 33.5(7.5) 33.6 (7.6)
Marital status
Married 184,084 (59.5) 26,687 (57.0)
Divorced 67,217 (21.7) 10,694 (22.8)
Single 32,037 (1034) 5535 (11.8)
Widowed 25916 (8.4) 3946 (8.4)
Deyo-Charlson comorbidity index score, mean (SD) 1.4 (1.6) 1.6 (1.7)
Main provider type
Any physician 163,131 (52.5) 23,564 (50.1)
Nursing 31,405 (10.1) 3887 (8.3)
Physician assistant or nurse practitioner 28,258 (9.1) 3863 (8.2)
Other 87,901 (28.3) 15,758 (33.5)
Provider specialty
Rheumatology 8140 (2.6) 2543 (54)
Others 302,555 (97 .4) 44,529 (94.6)
Veterans Integrated Service Network
Northeast 28,846 (9.3) 6685 (14.2)
Mid-Atlantic 69,414 (22.3) 13,620 (28.9)
South 93,584 (30.1) 10,612 (22.6)
Midwest 65,957 (21.2) 5045 (10.7)
West 52,872 (17.0) 11,106 (23.6)
Affiliated to university hospital (yes) 290,131 (93.4) 42,787 (90.9)
Outpatient clinic type
CBOC 62,822 (20.2) 8525 (18.1)
VAMC 43,420 (14.0) 29,107 (61.8)
VAMC and CBOC 16,347 (5.3) 2193 (4.7)
Other 43,420 (14.0) 7247 (15.4)
Operating beds, mean (SD) 162.7 (94.7) 169.6 (94.4)
Operating VAMC bed size
> 200 93,847 (30.2) 15,812 (33.6)
<50 42,073 (13.5) 7471 (15.9)
>50to <100 56,082 (18.1) 5815 (12.4)
> 100 to < 200 118,693 (38.2) 17,974 (38.2)
Distance from closest VA facility within network, miles, mean (SD) 13.3(13.9) 12.6 (15.3)
Distance from closest VA medical center within network, miles, mean (SD) 44.3 (78.6) 47.8 (124.1)
Rural location of the VA facility 162,420 (52.4) 22,405 (47.7)
Means test category
Most needy but not service-connected 104,088 (33.5) 16,961 (36.0)
Most needy and service-connected 123,729 (39.8) 19,800 (42.1)
Not most needy 68,367 (22.0) 8252 (17.5)
Other 14,489 (4.7) 2055 (4.4)
Daily allopurinol dose, mg/day, mean (SD)
Start daily dose 206.1 (119.6) 192.7 (105.2)
End daily dose 2154 (118.8) 213.4(116.2)
Average dose 200.8 (106.6) 193.5 (103.8)
Followup time, days (censored by event), mean (SD) 524.3 (536.5) 273.3 (303.5)
Time to achieve target SU < 6 mg/dl, days, mean (SD) — 179 (102)
Medication possession ratio (censored by event), mean (SD) 0.8 (0.2) 0.9 (0.1)

Bold text denotes statistically significant p < 0.05 between the overall sample and that with at least 1 postindex SU. SU: serum urate; BMI: body mass index;
VA: Veterans Affairs; VAMC: VA Medical Center clinic; CBOC: community-based outpatient clinic.
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Table 2. Comorbidity characteristics of overall sample and the study cohort.

Characteristics Overall Sample, Study Cohort without Study Cohort with At Least 1
n=310,695 SU Test Postindex Filled SU Test Postindex Filled
Allopurinol Prescription, Allopurinol Prescription,
n=263,623 n=47,072
Deyo-Charlson index comorbidities
Myocardial infarction 9841 (3.2) 8063 (3.1) 1778 (3.8)
Coronary heart disease 38,989 (12.5) 32,111 (12.2) 6878 (14.6)
Peripheral vascular disease 25,655 (8.3) 21,266 (8.1) 4389 (9.3)
Cerebrovascular disease 23,948 (7.7) 20,012 (7.6) 3936 (8.4)
Dementia 1693 (0.5) 1447 (0.6) 246 (0.5)
Chronic pulmonary disease 52,886 (17.0) 44339 (16.8) 8547 (18.2)
Rheumatologic disease 5052 (1.6) 3993 (1.5) 1059 (2.3)
Peptic ulcer disease 4780 (1.5) 4050 (1.5) 730 (1.6)
Mild liver disease 2435 (0.8) 2004 (0.8) 431 (0.9)
Diabetes 108,283 (34.9) 90,891 (34.5) 17,392 (37.0)
Diabetes with complications 27,629 (8.9) 22,561 (8.6) 5068 (10.8)
Paraplegia 855 (0.3) 697 (0.3) 158 (0.3)
Renal disease 20,556 (6.6) 16,112 (6.1) 4444 (9.4)
Malignancy 34221 (11.0) 28,532 (10.8) 5689 (12.1)
Severe liver disease 830 (0.3) 701 (0.3) 129 (0.3)
Malignant neoplasm without specification of site 1631 (0.5) 1350 (0.5) 281 (0.6)
AIDS 912 (0.3) 705 (0.3) 207 (04)
Cancer 34443 (11.1) 28,721 (10.9) 5722 (12.2)
Hepatic coma 175 (0.1) 145 (0.1) 30 (0.1)
Deyo-Charlson comorbidity index score, mean (SD) 1.4 (1.6) 1.3(1.6) 1.6 (1.7)

Data are n (%) unless otherwise indicated. Bold text denotes Deyo-Charlson comorbidities that were statistically significant between the 2 groups with an

unadjusted p value of < 0.05. SU: serum urate.

Factors associated with significantly higher odds of
maintaining target SU < 6 mg/dl (success 2; at least 2 SU
levels at target postindex prescription) were white race,
rheumatologist as the main provider, a lower hospital bed size
such as 101-200 (ref > 200 beds), and a normal BMI (Table
4). These were associated with lower odds: medical comor-
bidities (heart disease, mild liver disease, diabetes, renal
disease, malignancy and malignant neoplasm without speci-
fication of site), being single, a southern US location for the
healthcare facility (vs Midwest), and a preindex SU level
higher than 8 mg/dl (vs 6 to < 8).

In sensitivity analysis (model 2), a higher Deyo-Charlson
comorbidity index score = 2 was associated with lower
likelihood of achieving or maintaining target SU (Figure 2).

Analyses of effect modification including allopurinol dose
and use variables, overall and in explaining racial differ-
ences in achieving or maintaining target SU. In multi-
variable-adjusted models adjusted additionally for previous
allopurinol use and start dose, compared to start dose of
< 100 mg/day, higher allopurinol doses were associated with
higher odds and allopurinol use in the baseline 1-year with
lower odds of achieving or maintaining target SU
(Supplementary Tables 1 and 2, available with the online
version of this article). In exploratory analyses, normal or fast
allopurinol escalation (compared to no escalation), higher
allopurinol end dose, and higher allopurinol medication
possession ratio were associated with higher odds of both

outcomes, with higher allopurinol start dose being only
borderline significant (Supplementary Table 3, available with
the online version of this article).

Although in the main analysis African Americans had
significantly lower adjusted odds of achieving target SU (OR
0.94, 95% CI 0.89-0.99) and similar odds of maintaining
target SU (OR 1.02,95% CI 0.93-1.11), after adjusting for
the rate of allopurinol dose escalation and MPR they had
significantly higher odds of achieving target SU (OR 1.16,
95% CI 1.09-1.23) and maintaining target SU (OR 1.22,95%
CI 1.11-1.34; Supplementary Table 3, available with the
online version of this article). Further analyses revealed that
this effect modification was due to allopurinol MPR.

DISCUSSION

To our knowledge, no study to date has examined factors
associated with maintaining target SU. Our comprehensive,
national cohort study performed robust analyses that
controlled for patient, provider, systems, medication, and
disease severity factors and advances the understanding of
factors associated with target SU. Patients who saw rheuma-
tologists (< 3% of patients) as the main providers for gout
care were more likely to achieve target SU and to maintain
target SU. A better quality of gout care with a rheumatology
provider! and higher odds of target SU achievement with a
rheumatologist provider? explain our findings. This may be
due to the prioritization of gout management during a
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Table 3. Unadjusted and adjusted analyses of patients with gout for achievement of target SU of < 6 mg/dl.

Characteristics Achieved Target SU, Did Not Achieve Achieved Target SU, Achieved Target SU,
n = 19,535 Episodes Target SU, Unadjusted Model, Adjusted Model,
n = 27,537 Episodes OR (95% CI) OR (95% CI)
Male sex (ref, female) 19,321 (98.9) 27,338 (99.3) 1.51 (1.24-1.85) 1.63 (1.32-2.01)
Race
White 12,387 (63.4) 16,185 (58.8) REF REF
Black 4413 (22.6) 6963 (25.3) 0.84 (0.80-0.88) 0.94 (0.89-0.99)
Hispanic 873 (4.5) 1654 (6.0) 0.70 (0.64-0.76) 0.77 (0.70-0.85)
Other 1097 (5.6) 1713 (6.2) 0.83 (0.76-0.90) 0.80 (0.73-0.88)
Unknown 765 (3.9) 1022 (3.7) 0.96 (0.87-1.07) 0.94 (0.84-1.05)
Age, mean (SD) 67.7 (11.1) 66.2 (11.7) 1.01 (1.01-1.01) 1.01 (1.01-1.01)
Marital status
Married 11,267 (57.6) 15,420 (56.0) REF REF
Divorced 4372 (22.4) 6322 (23.0) 0.95 (0.90-0.99) 1.02 (0.97-1.08)
Single 2143 (11.0) 3392 (12.3) 0.87 (0.82-0.93) 0.99 (0.92-1.06)
Widowed 1676 (8.6) 2270 (8.2) 0.78 (0.58-1.06) 0.89 (0.65-1.22)
Unknown 77 (0.4) 133 (0.5) 1.02 (0.95-1.10) 0.95 (0.88-1.02)
Deyo-Charlson comorbidities
Myocardial infarction 674 (3.5) 1104 (4.0) 0.85 (0.77-0.94) 0.93 (0.83-1.04)
Coronary heart disease 2254 (11.5) 4624 (16.8) 0.65 (0.62-0.69) 0.75 (0.70-0.80)
Peripheral vascular disease 1744 (8.9) 2645 (9.6) 0.93 (0.87-0.99) 0.95 (0.88-1.02)
Cardiovascular disease 1684 (8.6) 2252 (8.2) 1.07 (0.99-1.14) 1.06 (0.99-1.14)
Dementia 110 (0.6) 136 (0.5) 1.13 (0.87-1.46) 0.96 (0.73-1.26)
Chronic pulmonary disease 3482 (17.8) 5065 (18.4) 0.96 (0.92-1.01) 1.04 (0.98-1.09)
Rheumatologic disease 485 (2.5) 574 (2.1) 1.21 (1.06-1.37) 1.19 (1.04-1.36)
Peptic ulcer disease 361 (1.9) 369 (1.3) 143 (1.23-1.67) 1.33 (1.13-1.56)
Mild liver disease 169 (0.9) 262 (1.0) 0.90 (0.74-1.10) 0.87 (0.70-1.10)
Diabetes 6837 (35.0) 10,555 (38.3) 0.88 (0.85-0.92) 0.95 (0.90-0.99)
Diabetes with complications 1962 (10.0) 3106 (11.3) 0.89 (0.84-0.95) 1.09 (1.01-1.17)
Paraplegia 80 (0.4) 78 (0.3) 1.44 (1.04-1.98) 1.31 (0.94-1.85)
Renal disease 1480 (7.6) 2964 (10.8) 0.69 (0.65-0.74) 0.77 (0.71-0.83)
Malignancy, including leukemia and lymphoma 2548 (13.0) 3141 (11.4) 1.16 (1.09-1.23) 1.05 (0.98-1.12)
Severe liver disease 65 (0.3) 64 (0.2) 1.42 (0.98-2.03) 1.67 (1.11-2.51)
Metastatic solid tumor 134 (0.7) 147 (0.5) 1.31 (1.03-1.66) 1.01 (0.78-1.31)
AIDS 81(0.4) 126 (0.5) 0.93 (0.70-1.24) 1.08 (0.80-1.46)
Provider specialty!
Rheumatology 1125 (5.8) 1418 (5.2) REF REF
Other 18,410 (94.2) 26,119 (94.9) 0.88 (0.81-0.95) 0.79 (0.72-0.86)
Region of country
Midwest 2292 (11.7) 2757 (10) REF REF
Northeast 3047 (15.6) 3638 (13.2) 1.03 (0.95-1.11) 1.04 (0.95-1.14)
Mid-Atlantic 5604 (28.7) 8016 (29.1) 0.85 (0.80-0.91) 0.89 (0.82-0.96)
South 4066 (20.8) 6546 (23.8) 0.74 (0.69-0.80) 0.81 (0.75-0.89)
West 4526 (23.2) 6580 (23.9) 0.84 (0.78-0.90) 0.87 (0.80-0.95)
Affiliated with university (ref, no) 17,644 (90.3) 25,143 (91.3) 0.89 (0.84-0.96) 1.04 (0.95-1.14)
VA clinic type
VAMC 11,911(61.0) 17,196 (62.5) REF REF
CBOC 3655 (18.7) 4870 (17.7) 1.06 (1.01-1.12) 1.00 (0.95-1.06)
Other 3131 (16.0) 4116 (15.0) 1.09 (1.04-1.16) 1.09 (1.02-1.15)
VAMC and CBOC 838 (4.3) 1355 (4.9) 0.92 (0.84-1.01) 0.86 (0.78-0.95)
Operating beds
> 200 6213 (31.8) 9599 (34.9) REF REF
<50 3257 (16.7) 4214 (15.3) 1.18 (1.11-1.25) 1.13 (1.04-1.22)
51-100 2492 (12.8) 3323 (12.1) 1.14 (1.07-1.22) 1.04 (0.97-1.12)
101-200 7573 (38.8) 10,401 (37.8) 1.12 (1.07-1.17) 1.18 (1.12-1.24)
Means test?
Most needy but not service-connected 6836 (35.0) 10,125 (36.8) REF REF
Most needy and service-connected 8268 (42.3) 11,532 (41.9) 1.06 (1.02-1.11) 0.98 (0.85-1.12)
Not most needy 3598 (18.4) 4654 (16.9) 1.13 (1.07-1.20) 0.99 (0.93-1.05)
Other 832 (4.3) 1223 (4.4) 0.99 (0.89-1.09) 0.90 (0.81-0.99)

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved. |—

6 The Journal of Rheumatology 2020; 47:3; doi:10.3899/jrheum.190522

Downloaded on April 19, 2024 from www.jrheum.org


http://www.jrheum.org/

Table 3. Continued.

Characteristics Achieved Target SU,

n = 19,535 Episodes

Did Not Achieve Achieved Target SU, Achieved Target SU,
Target SU, Unadjusted Model, Adjusted Model,
n = 27,537 Episodes OR (95% CI) OR (95% CI)

Duration of gout, mean (SD) 222.3)
Preindex SU level, mg/dl
<6 3769 (21.3)
6to<8 5079 (28.7)
8to< 10 6169 (34.8)
10to< 12 2199 (12.4)
>12 509 (2.9)

2.1(22) 1.01 (1.00-1.02) 0.97 (0.96-0.98)

1513 (5.9) 3.02 (2.81-3.24) 3.00 (2.79-3.22)
6135 (24.1) REF REF
10,831 (42.5) 0.69 (0.66-0.72) 0.70 (0.66-0.73)
5385 (21.1) 0.49 (0.47-0.53) 0.51 (0.48-0.55)

1637 (6.4) 0.38 (0.34-0.42) 0.42 (0.37-0.47)

Data are n (%) unless otherwise indicated. Bold text denotes statistically significant OR. ! Provider specialty: other category includes nonphysician rheumatol-
ogist, physician assistant, or advanced nurse practitioner; numbers were too small to separate physician assistant or advanced nurse practitioner. 2 Means test is
an assessment of socioeconomic status of a veteran. Adjusted model: includes patient factors such as age (in yrs), sex, race/ethnicity (white, Hispanic, black or
African American, other, unknown), BMI, marital status, Deyo-Charlson index medical comorbidities, physician factors including provider specialty (theuma-
tologists vs non-rheumatologist), healthcare access including distance to nearest VA medical center, percent service connection, means test, duration of gout,
and preindex SU level. System factors include location of the VA facility (rural vs urban), affiliation to a teaching hospital, outpatient clinic type, VA facility
bed size (< 50, 51-100, 101-200, and > 200) and region (mid-Atlantic, Midwest, Northeast, South, and West). Factors adjusted in the model that were not
significant included location of the VA, percent service connection, and distance to the nearest VA. Unique patients = 17,284 for patients who achieved target
SU and 23,869 for patients who did not achieve target SU. C statistic for the adjusted model was 0.66. Rheumatologic diseases include systemic lupus erythe-
matosus, systemic sclerosis, polymyositis, polymyalgia rheumatica, rheumatoid lung, and rheumatoid arthritis. SU: serum urate; VA: Veterans Affairs; VAMC:
VA Medical Center clinic; BMI: body mass index; CBOC: community-based outpatient clinic.

rheumatology visit. This finding has potential policy impli-
cations for the VA.

We recognize that a multifaceted approach with several
policy initiatives is required to address this quality gap.
Expanded rheumatology care teams (nurse practitioners,
physician assistants, community health workers), and
technology-based solutions (tele-health, e-consults, and
virtual health communities) may address this problem. This
would require provision of more resources for the VA
rheumatology workforce. Nurse- or pharmacist-led interven-
tions are effective in improving gout care and out-
comes*0#142 Maintaining target SU < 6 mg/dl is associated
with reduction in gout flares, resolution of gouty tophi, and
improvement in quality of life and function’-!? and is key to
optimal management!!-2122,

It took a mean of 9 months to achieve target SU. This is
longer than might be expected based on the American
College of Rheumatology treatment guideline with frequent
ULT dose titration!!. Only 42% of the patients maintained
target SU, a key treatment goal recommended by gout guide-
lines!!=17, Allopurinol is well-tolerated with few adverse
events, which does not explain this low rate of success.
Patients prioritized lowering of SU (to target) in gout as an
important goal*?, challenging the recent American College
of Physicians position to consider treat to symptom control
in gout with no SU monitoring as an alternative to treat to
target SU!'7. Thus, improvement in rates of target SU
achievement and maintenance in gout are needed.

African Americans had lower odds of achieving target SU
in models not accounting for allopurinol adherence and gout
severity factors, but higher odds of achieving or maintaining

target SU, in exploratory analyses. This is a novel insight.
It indicates that the lower chance of target SU achievement
in African Americans can be explained largely by lower
allopurinol adherence, and to a lesser degree by worse
baseline disease, lower allopurinol start dose, and improper
dose escalation. After accounting for these confounding
factors, African Americans with gout have a better SU
outcome than whites (Supplementary Table 3, available
with the online version of this article). Addressing these
modifiable factors has the potential of improving gout
outcomes in African Americans and reducing health dispar-
ities in gout.

Prior studies lacked a theoretical model and were limited
because of inclusion of a select few variables or univariate
analysis- 181920 or they were single-center! or a regional
sample?, lacked gout disease severity variables!-18:19-20 or
used a prevalent allopurinol user design (and not incident user
design)!®19. Using the Andersen model?>24, we specified
a priori that system, healthcare access, and disease severity
factors (i.e., enabling and predisposing factors, not included
in previous studies) in addition to patient and provider factors
(need factors) will be associated with target SU outcomes.
We found higher odds of target SU achievement in males
compared to females in contrast to previous studies!8-20.
Several things may explain these differences: differences in
setting (national vs regional sample), population (veterans vs
US population), design (incident vs prevalent user design)'8,
control for disease severity (disease duration and SU vs SU%,
or neither'®), and additional covariate adjustment (system and
healthcare access vs neither!820).

Our study highlights the role of comorbidities in the

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved. |—

Singh, et al: Effectiveness of allopurinol in gout

7

Downloaded on April 19, 2024 from www.jrheum.org


http://www.jrheum.org/

Table 4. Unadjusted and adjusted analyses of patients with gout for achievement and maintenance of target SU of < 6 mg/dl.

Characteristics

Achieved and Maintained
Target SU, Episodes = 7462

Did Not Achieve and
Maintain Target SU,

Episodes = 10,861

Unadjusted Model,
OR (95% CI)

Multivariable-Adjusted

Model, OR (95% CI)

Male sex (ref, female) 7388 (99.0) 10,772 (99.2) 1.17 (0.85-1.16) 1.31 (0.94-1.82)
Race
White 4889 (65.5) 6706 (61.7) REF REF
Black 1645 (22.1) 2615 (24.1) 0.88 (0.82-0.95) 1.02 (0.93-1.11)
Hispanic 314 (4.2) 606 (5.6) 0.72 (0.62-0.83) 0.80 (0.68-0.94)
Other 374 (5.0) 637 (5.9) 0.80 (0.70-0.93) 0.74 (0.64-0.86)
Unknown 240 (3.2) 297 (2.7) 1.09 (091-1.31) 1.02 (0.84-1.24)
Age, mean (SD) 67.9 (10.8) 66.8 (11.4) 1.01 (1.01-1.01) 1.01 (1.01-1.01)
Marital status
Married 4253 (57.0) 6010 (55.3) REF REF
Divorced 1702 (22.8) 2481 (22.8) 0.97 (0.90-1.05) 1.02 (0.94-1.10)
Single 787 (10.5) 1382 (12.7) 0.79 (0.72-0.88) 0.86 (0.77-0.96)
Widowed 696 (9.3) 946 (8.7) 0.86 (0.52-1.43) 0.97 (0.86-1.09)
Unknown 24(0.3) 42 (04) 1.05 (0.94-1.17) 0.96 (0.57-1.64)
Deyo-Charlson comorbidities
Myocardial infarction 7179 (96.2) 10,367 (95.5) 0.81 (0.70-0.95) 0.98 (0.83-1.16)
Coronary heart disease 938 (12.6) 2317 (21.3) 0.53 (0.48-0.57) 0.64 (0.58-0.70)
Peripheral vascular disease 741 (9.9) 1230 (11.3) 0.87 (0.78-0.96) 0.96 (0.86-1.07)
Cerebrovascular disease 697 (9.3) 1042 (9.6) 0.97 (0.88-1.08) 1.01 (0.90-1.13)
Dementia 40 (0.5) 57 (0.5) 0.99 (0.65-1.49) 091 (0.59-1.41)
Chronic pulmonary disease 1376 (18.4) 2262 (20.8) 0.86 (0.80-0.93) 0.99 (091-1.07)
Rheumatologic disease 233 (3.1) 297 (2.7) 1.14 (0.95-1.36) 1.11 (0.92-1.34)
Peptic ulcer disease 157 (2.1) 182 (1.7) 1.26 (1.01-1.57) 1.24 (0.98-1.56)
Mild liver disease 65 (0.9) 138 (1.3) 0.67 (0.49-0.90) 0.63 (0.45-0.90)
Diabetes 2705 (36.3) 4651 (42.8) 0.77 (0.73-0.82) 0.89 (0.82-0.95)
Diabetes with complications 840 (11.3) 1616 (14.9) 0.74 (0.68-0.81) 1.00 (0.90-1.11)
Paraplegia 35(0.5) 41 (0.4) 1.29 (0.81-2.04) 1.38 (0.85-2.25)
Renal disease 644 (8.6) 1579 (14.5) 0.57 (0.51-0.62) 0.64 (0.58-0.72)
Malignancy 982 (13.2) 1461 (13.5) 0.98 (0.89-1.07) 0.88 (0.80-0.97)
Severe liver disease 26 (0.4) 38 (0.4) 1.03 (0.62-1.71) 1.41(0.78-2.57)
Malignant neoplasm without specification of site 53 (0.7) 87 (0.8) 0.88 (0.62-1.24) 0.66 (0.45-0.96)
AIDS 37(0.5) 59 (0.5) 0.90 (0.60-1.37) 0.96 (0.62—-1.49)
Provider specialty!
Rheumatology 596 (8.0) 749 (6.9) REF REF
Other 6866 (92.0) 10,112 (93.1) 0.85 (0.76-0.95) 0.77 (0.68-0.87)
Region of country
Midwest 803 (10.8) 995 (9.2) REF REF
Northeast 1358 (18.2) 1752 (16.1) 0.98 (0.87-1.11) 0.87 (0.76-1.00)
Mid-Atlantic 2126 (28.5) 2100 (28.6) 0.87 (0.77-0.97) 0.96 (0.83-1.11)
South 1416 (19.0) 2427 (22.4) 0.73 (0.65-0.82) 0.76 (0.66-0.88)
West 1759 (23.6) 2586 (23.8) 0.85 (0.76-0.96) 0.89 (0.78-1.03)
Affiliated with university (ref, no) 6774 (90.8) 9971 (91.8) 0.87 (0.78-0.97) 0.98 (0.84-1.13)
Outpatient clinic type
VAMC 4620 (61.9) 6841 (63.0) REF REF
CBOC 1335 (17.9) 1802 (16.6) 1.08 (0.99-1.17) 1.00 (0.92-1.10)
Other 1210 (16.2) 1781 (16.4) 1.00 (0.91-1.08) 1.01 (0.92-1.11)
VAMC and CBOC 297 (4.0) 437 (4.0) 0.98 (0.84-1.15) 0.89 (0.75-1.05)
Operating bed size
> 200 1216 (16.3) 1651 (15.2) REF REF
<50 930 (12.5) 1248 (11.5) 1.14 (1.04-1.26) 1.05 (0.93-1.19)
51-100 2830 (37.9) 4032 (37.1) 1.17 (1.06-1.29) 1.07 (0.95-1.20)
101-200 2486 (33.3) 3930 (36.2) 1.01 (1.03-1.18) 1.17 (1.08-1.26)
Means test?
Most needy but not service-connected 2685 (36.0) 4085 (37.6) REF REF
Most needy and service-connected 3227 (43.3) 4728 (43.5) 1.04 (0.97-1.11) 1.01 (0.81-1.26)
Not most needy 1255 (16.8) 1621 (14.9) 1.16 (1.06-1.28) 0.99 (0.89-1.09)
Other 295 (4.0) 426 (3.9) 1.02 (0.87-1.20) 0.95 (0.80-1.13)
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Table 4. Continued.

Did Not Achieve and
Maintain Target SU,
Episodes = 10,861

Achieved and Maintained
Target SU, Episodes = 7462

Multivariable-Adjusted
Model, OR (95% CI)

Characteristics Unadjusted Model,

OR (95% CI)

Duration of gout, mean (SD) 2.1(22) 2.0(2.1) 1.02 (1.01-1.04) 0.98 (0.97-1.00)
Preindex SU level, mg/dl
<6 1237 (17.8) 512 (5.0) 2.76 (2.44-3.11) 2.80 (2.48-3.17)
6to<8 1816 (26.1) 2072 (20.1) REF REF
8to< 10 2637 (37.8) 4280 (41.5) 0.70 (0.65-0.76) 0.72 (0.66-0.78)
10to< 12 1010 (14.5) 2559 (24.8) 0.45 (0.41-0.50) 0.49 (0.45-0.54)
>12 270 (3.9) 881 (8.6) 0.35 (0.30-0.41) 0.44 (0.38-0.52)

Data are n (%) unless otherwise indicated. Bold text denotes statistically significant OR. ! Provider specialty: “Other” category includes non-rheumatologist
physician, physician assistant, or advanced nurse practitioner; numbers were too small to separate physician assistant or advanced nurse practitioner. > Means
test is an assessment of socioeconomic status of a veteran. Rheumatologic diseases include systemic lupus erythematosus, systemic sclerosis, polymyositis,
polymyalgia rheumatica, rheumatoid lung, and rheumatoid arthritis. Adjusted model: includes patient factors such as age (in yrs), sex, race/ethnicity (white,
Hispanic, black or African American, other, unknown), BMI, marital status, Deyo-Charlson index medical comorbidities, healthcare access including distance
to nearest VAMC, percent service connection, means test, duration of gout, and preindex SU level. Physician factors include provider specialty (rheumatologists
vs non-rheumatologist). System factors include location of the VA facility (rural vs urban), affiliation to a teaching hospital, outpatient clinic type, VA facility
bed size (< 50,51-100, 101-200, and > 200) and region (mid-Atlantic, Midwest, Northeast, South, and West). Unique patients = 7309 for patients who achieved
and maintained target SU (with 7462 episodes) and 10,389 for patients (with 10,861 episodes) who did not. C statistic for the adjusted model was 0.66.
SU: serum urate; BMI: body mass index; VAMC: VA Medical Center clinic; CBOC: community-based outpatient clinic.

achievement of target SU with allopurinol. The presence of
2 or more comorbidities was independently associated with
20% lower odds of maintaining target SU < 6 mg/dl
compared to no comorbidities. A linear dose gradient was
seen with increasing comorbidity load. This novel finding
adds to the current knowledge. We found that heart disease,
renal disease, and diabetes were associated with lower odds
of achieving or maintaining target SU < 6 mg/dl. Our national
sample, controlled using the Deyo-Charlson index, a
validated comorbidity index, confirmed previous findings
from regional/single-center studies controlled for selected
conditions!18-1920 " Although polypharmacy might be
associated with higher allopurinol adherence?, damage from
higher comorbidity or specific medications on SU levels
might make it more challenging to achieve target SU in
people with specific comorbidities or an overall high comor-
bidity load, as our study and other studies show!-!18-20:44.45
Future studies should examine whether optimization of
comorbidity management can improve gout outcomes.

Geographic region was associated with odds of achieving
and maintaining target SU. Compared to the Midwest,
patients living in the South were less likely to achieve or to
achieve and maintain target SU. Differences in resources,
regional economies, and/or patient populations may underlie
these differences. Policy makers may need to provide
additional VA resources in these US regions to improve gout
outcomes. This finding indicates that findings from even
well-designed studies limited to 1 US region?® are unlikely
to be generalizable to the entire United States.

We assessed allopurinol start dose and previous allo-
purinol exposure as potential confounders of achieving or
maintaining target SU rather than mediators, because they

meet the classic definition of confounders by being associated
both with the covariates and the outcome. For example, while
adjusting for allopurinol MPR clearly changed the apparent
relationship between race and achieving SU targets, it seems
more reasonable to infer that adjusting for MPR accounted
for the confounding between race and medication adherence
than the mediation interpretation that the effect of race on SU
adherence “acted through” medication adherence.

Higher allopurinol start doses > 100 mg/day increased the
odds of achieving or maintaining target SU by 1.8-3.5—fold,
slightly higher than the 1.7—fold found in a previous study?’.
Higher allopurinol end dose, higher allopurinol MPR, and
normal or fast allopurinol escalation were also associated
with very high odds of achieving or maintaining target SU.
This is not surprising because allopurinol is an effective ULT.
Most treatment guidelines recommend a low allopurinol
starting dose of 100 mg/day and a gradual allopurinol dose
escalation, to avoid gout flares and rare allopurinol hypersen-
sitivity. Thus, the pros and the cons of high versus low allop-
urinol start dose and fast vs normal/slow allopurinol dose
escalation must be considered and discussed with an
individual patient in a shared decision-making approach. A
high allopurinol MPR and higher end dose (i.e., to adequately
lower SU) are noncontroversial approaches in gout care.

The study findings must be interpreted considering limita-
tions. The use of ICD-9 codes for the diagnosis of gout and
other comorbidities using the VA databases is subject to
misclassification bias. However, ICD-9 codes for gout in the
VA had high accuracy with sensitivity of 90% and specificity
of 100%>7 and VA databases are valid and reliable for several
diagnoses3?-3!, although other database studies have reported
lower accuracy for gout code*®. Findings from this predom-
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Figure 2. Association of Deyo-Charlson comorbidity index score with achieving or maintaining target serum
urate in a multivariable-adjusted model. A. Association of Deyo-Charlson comorbidity index score with the
odds of achieving target serum urate. B. Association of Deyo-Charlson comorbidity index score with the
odds of achieving and maintaining of target serum urate. Reference category is Deyo-Charlson comorbidity
index score of zero (no comorbidity). OR estimates are shown as diamonds and 95% CI are shown as
whiskers. Estimates with 95% CI overlapping the OR of 1 (solid line) are statistically not significant. For
example, compared to a score of 0, a Deyo-Charlson comorbidity index score of 2 or more was significantly
independently associated with lower odds of achieving or maintaining target serum urate with OR (95% CI)
0f 0.82 (0.79-0.86) and 0.63 (0.59-0.68), respectively. The results are from model 2, in which the individual
Deyo-Charlson comorbidities in the main model (model 1) were replaced with a Deyo-Charlson index score

of 0,1,0r=2.
inantly male veteran population may not be generalizable to tions and the male-predominant VA population made it an
women and non-veterans. However, no previous studies have excellent clinical laboratory to study gout, also a male-pre-
found sex or veteran status as confounders of these associa- dominant condition. As in any other US healthcare system
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(Medicare, Medicaid, etc.), care provided outside the system
could not be accounted for in these analyses and may have
affected precision. The effect of this missingness on our
results is unclear. Our findings are likely not generalizable to
other healthcare systems, because systems-level factors can
vary. However, identified factors can now be targeted to
improve these outcomes nationally for the large VA
healthcare system, at a minimum.

Study strengths include the use of an integrated national
VA database, a large sample size, an incident allopurinol user
design, the use of a theoretical model, inclusion of several
important covariates previously not included, examination of
several models to test the robustness of findings, and exami-
nation of factors associated with maintaining target SU that
were not reported previously.

We conducted a comprehensive national study of factors
associated with achieving and maintaining target SU < 6
mg/dl in patients with gout, using data from one of the largest
integrated national US healthcare systems. We identified key
factors independently associated with achieving and
maintaining target SU < 6 mg/dl: those of the patient, comor-
bidity, physician, system, healthcare access, allopurinol
dose/adherence, and disease severity. Several characteristics
may be amenable to patient/physician/systems—targeted inter-
ventions to improve the chances of maintaining target SU
< 6 mg/dl in gout in this large national healthcare system.
This, in turn, can improve gout outcomes and reduce the
patient morbidity and the societal effect of gout.
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