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Objective: In the management of chronic gout, a large proportion of patients need long-term manage-
ment with urate lowering therapy (ULT). This study reviews medication adherence to ULT and
summarizes factors associated with adherence.
Methods: We performed a systematic literature search for studies on adherence to ULT among gout
patients in PubMed, Embase, CINAHL, and PsycINFO. We conducted meta-analysis, with a random effect
model, for the studies reporting the proportion of patients considered adherent to at least 80% of
prescribed medication or time taken. We explored potential sources of heterogeneity, including
geographic area and measure of adherence. Narrative summaries were made for data on adherence
assessed/defined by Medication Event Monitoring System (MEMS)/pill-count or patient-reported,
occurrence of a gap in therapy ≥30 days (non-persistence), and factors associated with adherence.
Results: Of the 24 studies, 16 assessed adherence using prescription/claims data, two by the MEMS or pill
count, and six by patient-reported data. The pooled proportion of adherent patients (n ¼ 13) was 46%
(95% CI: 41–51); 45% across studies conducted in the USA (n ¼ 8) and 48% in other countries (n ¼ 5).
Adherence assessed by MEMS/pill count and patient-reported was much higher than by studies using
prescription/claims data. Non-persistence (n ¼ 6) ranged from 54% to 87%. Factors associated with
adherence were investigated in 18 studies. Strong evidence for a positive association with older age,
more comorbidities, and the presence of diabetes or hypertension was found.
Conclusion: Medication adherence to ULT among gout patients was poor. Better insight into reasons and
consequences or poor adherence is needed.

& 2018 Elsevier Inc. All rights reserved.
Introduction

Gout is the most common type of inflammatory arthritis,
affecting approximately 1–3% of the population worldwide [1,2].
Hyperuricemia, the main risk factor for gout, can be successfully
treated with urate lowering therapy (ULT). The initiation of ULT is
recommended in patients with recurrent gout attacks or with
tophi, as these might lead to debilitating long-term consequences
such as joint damage [3–6]. Despite availability of effective treat-
ments, a substantial proportion of patients experiences multiple
gout flares and develops tophi, signifying insufficient control of the
, Maastricht University Med-
Netherlands.
sity.nl (L.E.J.M. Scheepers).
disease [7]. One of the barriers towards optimal drug treatment of
gout is poor medication adherence of the patient to ULT.

Medication adherence refers to the process by which patients
take their medications as prescribed [8]. It is a complex construct
and contains several components, including adherence and non-
persistence. Adherence is usually defined as the extent to which a
patient's actual medication intake corresponds to the prescribed
dosing regimen during observation time. Non-persistence is
defined as the occurrence of a gap in taking therapy (e.g., for at
least 30 or 60 days), or stopping.

In 2014, a systematic review of 16 studies by De Vera et al. [9]
revealed poor overall medication adherence to ULT among gout
patients. Among studies based on electronic prescription records,
adherence rates were all below 0.80 and the proportion of
adherent patients ranged from 10% to 46% and non-persistence
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ranged from 56% to 88% [9]. However, 12 of 16 studies were
conducted in the USA, hampering transferability of results to the
European setting. Furthermore, data were often derived from
electronic prescription records and managed health care plans,
which might have introduced selection bias and misclassification.
Since then, several new studies were published, also from outside
the USA and using others methods than prescription/claims data to
assess medication adherence.

The aims of the present study were (i) to perform a systematic
review and meta-analysis on studies that assess medication
adherence and/or non-persistence among gout patients treated
with ULT, (ii) to perform subgroup analyses on demographical and
methodological characteristics that might explain heterogeneity,
and (iii) to present an overview of studies addressing the associ-
ation of medication adherence with explanatory variable factors
and with gout-related clinical outcomes.
Methods

A systematic literature review was conducted of primary
studies investigating medication adherence to ULT in patients
with gout. The search was performed in PubMed (January 1,
1966 to August 15, 2016), Embase (January 1, 1974 to August 15,
2016), PsycINFO (January 1, 1967 to August 15, 2016), and CINAHL
(January 1, 1961 to August 15, 2016). We combined free text- and
keyword-search terms relating to gout and hyperuricemia, ULT,
and medication adherence (Appendix 1: search strategy). In
addition, we performed a hand search of references of relevant
articles. Studies not published in English language, letters, edito-
rials, reviews, case reports, opinion articles, congress abstracts,
abstracts not (yet) published as full manuscripts, and randomized
controlled trials were excluded. The latter are assumed to not
accurately reflect real-world patterns of patient medication adher-
ence. For final inclusion, studies had to meet the following criteria:
(i) presenting primary data from an original research study, (ii)
concerning patients with evidence of gout or hyperuricemia, (iii)
being prescribed or taking ULT, and (iii) reporting at least one
measure of medication adherence. No restriction on the methods
to assess medication adherence was made.

A two-stage screening process was performed. First, titles,
index terms, and/or abstracts were screened to identify potentially
relevant articles. If in doubt, the full article was evaluated in the
second step. Both steps were independently performed by two
reviewers (L.S. and M.O.) using a standardized protocol and
reporting form. Difference in assessment was resolved by arbitra-
tion of a third reviewer (A.B.), and consensus was reached after
discussion.

Data extraction

Data extraction was performed by one reviewer using a stand-
ardized data extraction form (L.S.), and was checked by a second
reviewer (M.O.). Data extraction included the study identification
(first author and year of publication), study characteristics (study
design, setting, recruitment site, country, inclusion period, inclusion
criteria, sample size, and observation time for adherence), patient
characteristics (average age of patients and percentage of males),
case definition of gout, type of ULT, and medication adherence.

With regard to the assessment of medication adherence the
following information was extracted, the method for assessing
medication adherence (using prescription/claims data, electronic
monitoring, patient-reported, etc.), the component of medication
adherence studied (adherence, non-persistence, time until non-
persistence, etc.), the type of measurement used [medication
possession ratio (MPR) (sum of days’ supply/days of observation),
proportion of days covered (PDC), which is more conservative that
the MPR since a possible overlap between two prescriptions is
truncated] [10], and estimate and corresponding threshold to
define the outcome (mean adherence, proportion of patients with
a PDC or MPR of at least 80%, gap of at least 30 days, etc.). When
different studies contained data from the same population, the
most recent study was included, except when a different medi-
cation adherence outcome was studied, in which case both studies
were included.

Quality assessment/risk of bias

Quality scoring of observational studies is controversial because
the proposed criteria may not be relevant for the specific study
question or for the actual quality of the study [11]. Moreover, the
current review included 16 prescription/claims studies, which
have a similar risk of bias with regard to generalizability, absence
of information on drop-out, misclassification of disease, and
exposure and assessment of outcome. Therefore, we have chosen
to discuss the results in the light of aspects related to risk of bias
and factors, which might influence medication adherence such as
study population and the method to assess medication adherence.

Meta-analysis

Since for the majority of studies the proportion of patients
adherent to ULT was based on a threshold of 80%, the results could
be pooled by performing a meta-analysis. To ensure consistency in
the interpretation of the outcome, for studies reporting proportion
non-adherent to ULT, we converted the proportions to ULT
adherence. Heterogeneity was tested by Cochran's Q test and the
I2 statistic, the latter describing the percentage of variation across
studies [12]. Whenever heterogeneity was high (I2 4 50%),
random effects models were used [13]. Potential sources of
heterogeneity were further explored by stratification for [1]
studies conducted in the USA opposed to other countries and [2]
differences in the measure of adherence (PDC or MPR). In order to
evaluate the influence of each individual study on the overall effect
size, a sensitivity analysis was conducted using the leave-one-out
method, that is, removing one study each time and repeating the
analysis.

Further, narrative summaries were provided for studies report-
ing adherence using another type of measure/numeric value and
for the other outcomes, including non-persistence, the association
between medication adherence and factors and clinical gout-
related outcomes.

Factors associated with medication adherence

If available, information on factors associated with medication
adherence was extracted from each study. Consistent with the
World Health Organization (WHO) framework, factors were cate-
gorized into patient-, condition-, therapy-, social/economic-, and
health care system factors. Factors were considered associated
with medication adherence based on statistical significance (P o
0.05) and the direction of association was reported as being
positively, negatively or not associated. The strength of evidence
across studies was classified into four levels of evidence, according
to recommendations by Van Tulder et al. [14]. However, as our
review did not allow a formal quality assessment this was not
included in the classification. The level of evidence was summar-
ized as follows: (1) strong: ≥four studies and ≥75% of all studies
considered report findings in the same direction; (2) moderate:
three studies and two report findings in the same direction; (3)
limited: only one or two studies and ≥75% of all studies reported
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findings in the same direction; and (4) conflicting: ≥75% of the
studies report inconsistent findings.

Furthermore, the association between medication adherence
and gout related outcomes, including serum uric acid and the
number of gout flares was registered.
Results

The search resulted in 1991 potentially relevant articles (Fig. 1).
After excluding duplicates and screening of title, index terms,
and/or abstract, 98 articles remained for full-paper review. After
reading the full-text, a total of 24 articles were included. Hand
search of references did not reveal additional articles. Because of
the different methods to assess medication adherence, the char-
acteristics of the studies are presented according to the type of
method, that is, prescription/claims, MEMS/pill count, or patient-
reported data (Table 1).
Characteristics of included studies

Prescription/claims data
Sixteen studies used prescription/claims data, 11 (69%) were

conducted in the USA, one in Israel, one in New Zealand [15] and
three in Europe (UK [2], Italy [16], and Ireland [17]). All of them
made use of claims or pharmacy data, except the studies from Italy
and UK, which used records in primary care databases. Patients
were classified as having gout by either a gout diagnosis (ICD- or
read-codes) or a dispensing record for ULT [15,17]. Study sample
sizes ranged from 242 [18] to 49,395 patients [2]. Adherence was
defined as either a MPR (n ¼ 7) or PDC (n ¼ 7) of more than 80%.
Electronic monitoring device or pill count
Of the two studies retrieved, one was conducted in The Nether-

lands and used MEMS to assess adherence (number of patients ¼ 17).
The diagnosis of gout was based on physician opinion and mean
adherence was reported [19]. Another study, conducted in Korea,
used pill count by the nurse to assess adherence (number of
patients ¼ 132). The diagnosis of gout was based on a physicians’
assessment of the Wallace classification criteria [20]. Adherence
was defined as at least 80% of the prescribed dose was not
returned. Both studies recruited patients from a Rheumatology
clinic.
evisulcxeyllautumtonerasrebmuN*

Total n = 1991 

Hand search 
reference list n = 0 

Included n = 24 

For detailed review n = 98 

Fig. 1. Flow-diagram of syste
Patient-reported data
Six studies used patient-reported data to assess medication

adherence, three were conducted in New Zealand [21–23], two in
Europe (Spain [24] and The Netherlands [25]), and one in the USA
[26]. The diagnosis of gout was either patient self-reported [23,26]
or physician reported [21,22,24]. The latter could either be based
on the physicians opinion [25] or by using of the Wallace
classification criteria [21,22,24]. Sample sizes ranged from 15
[25] to 251 [26]. To measure medication adherence, the two
studies from New Zealand had administered the validated nine-
item Medication Adherence Report Scale (MARS) questionnaire,
which provides a mean adherence estimate [21,22]. A higher score
(max 45) represents better adherence. Adherence for the four
remaining studies was reported as the proportion of patients
indicating to take medication as a daily routine (n ¼ 2) [24,25],
taking at least 80% of their medication (n ¼ 1) [26], or considered
themselves adherent (yes/no) (n ¼ 1) [23].

Medication adherence

Adherence
In 13 studies the proportion of patients adherent was based on

the threshold of being covered by drug supply for at least 80%
during observation time. Across these 13 studies adherence ranged
from 17% [27] to 78% [15] (median ¼ 37%) in 11 prescription/
claims studies, was 71% [20] in the study using pills count by the
nurse, and was 79% in the study using patient-reported adherence
[26].

In the meta-analysis, the pooled proportion of patients adher-
ent, in the random effects model was 46.0% [95% confidence
interval (CI): 40.8–51.2] with a substantial heterogeneity observed
(Q ¼ 3551, P o 0.001, I2 ¼ 99.7%) (Tables 3 and 4). Figure 2 shows
a forest plot with the estimated proportion of patients considered
adherent. In a stratified meta-analysis, the pooled proportion of
patients adherent was similar across studies conducted in the USA
(n ¼ 8; 45.2%, CI: 39.8–50.6) and other countries (n ¼ 5; 47.5%, CI:
36.5–58.6) (Fig. 2A). The pooled proportion of patients adherent
was higher in studies using MPR (n ¼ 6; 44.1%, CI: 37.6–50.7)
compared to studies using PDC (n ¼ 4; 33.5%, CI: 24.4–43.2)
(Fig. 2B). Three of the 13 studies did not specify the type of
measure (PDC/MPR) and were therefore not included in the
stratified meta-analysis according to PDC or MPR [20,26,28].
Removal of one study in the meta-analysis did not materially
changed the result in the sensitivity analysis, indicating that our
results could not be solely attributed to the effect of a single study.
Exclusion based on �tle and/or 
abstract n = 1893 

Excluded n = 75*
- No primary data n = 6
- No gout or hyperuricemia n = 20
- No uric acid lowering therapy n = 54
- No adherence to medica�on n = 42 
- Not in English n = 6

matic literature search.



Table 1
Characteristics of the studies included in the systematic review

Author,
country,
(publication
date)

Study design and
setting Recruitment site

Inclusion
period
(years) Inclusion criteria

Observation
time Case definition of gout

Medication adherence

Adherence Non-persistence

According to
gout related
outcome

Prescription/claims database

McGowan,
Ireland
(2016) [17]

Cohort (retrospective
pharmacy claims
database)

Irish Health Service
Executive—national
pharmacy claims
database

2008–2012
(5)

No ULT prescription 12
months prior to index
date

First 6 and 12
months after
initiation

Dispensing record of
allopurinol, febuxostat,
probenecid, or
sulfinpyrazone

MPR ≥0.80 Gap of 5 or 9 weeks –

Rashid, USA
(2015) (A)
[30]

Cohort (retrospective
claims database)

Kaiser Permanente
Southern California
(KPSC)

2007 –2011
(5)

Age ≥18 years, no
allopurinol dispensing
12 months prior to
index date

12 months after
initiation

Two ICD-code for gout
more than ≥30 days
apart at any out- or
inpatient visit

PDC ≥0.80 – –

Rashid, USA
(2015) (B)
[36]

Cohort (retrospective
claims database)

Kaiser Permanente
Southern California
(KPSC)

2007–2010
(4)

Age ≥18 years, no ULT
prescription 12 months
prior to index date

12 months after
initiation

Two outpatient ICD-codes
for gout ≥30 days apart
or one inpatient gout
diagnosis

– – Percentage of
adherent
(PDC ≥0.80)
according to
number of
flares

Mantarro,
Italy
(2015)
[16]

Cohort (retrospective
general practitioner
database)

General practitioner
database

2002–2011
(10)

Age ≥18 years, 1 year
medical history
recorded and ≥6
months of FU

Up to 12
months of FU

ICD-code for gout or tophi
in verbatim in free-text

PDC ≥0.80 for
3 semesters:

(1) Day 30–89;
(2) Day 90–149;
(3) Day 150–365

Horsburgh,
New
Zealand
(2014)
[15]

Cohort (retrospective
community
pharmacy database)

Community pharmacies in
the Gisborne region

2005–2006
(1)

Age ≥25 years, receive
allopurinol in the first
6 months of FU and
supply of 490 days

12 months Dispensing records of
allopurinol

MPR ≥0.80 – –

Kuo, UK
(2014) [2]

Cohort (retrospective
general practitioner
database)

Medical records from
primary care

1997–2012
(16)

All participants who
contributed to the CPRD
database

Each calendar
year

Read codes for gout PDC ≥ 0.80 – –

Zandman-
Goddard,
Israël
(2013)
[27]

Cohort (retrospective
claims database)

HMO 2002–2009
(7)

Age ≥25 years, incident
gout patients

At least 12
months

ICD-code for gout and
diagnosed by a
rheumatologist

PDC ≥ 0.80 Time to insufficient supply
to cover 80% of FU þ 30
days supply

Risk of non-
adherence
according to
sUA level

Park, USA
(2012)
[18]

Cohort (retrospective
claims database)

Commercial and Medicare
members

2005–2010
(5.5)

Age ≥18 years, first gout-
related pharmacy claim

12 months after
initiation

ICD-code for gout or
pharmacy claim for gout
with ≥2 sUA tests within
1 year

– – Time to a 30-
or 60-day
gap
according to
sUA level

Halpern,
USA
(2009)
[32]

Cohort (retrospective
claims database)

Managed care enrolees 2002–
March
2004
(approx.
2)

Enrollment ≥12 months
before and after index
date (first gout- related
claim)

12 months ≥2 ICD-codes for gout or ≥1
code and a pharmacy
claim for allopurinol,
probenecid, colchicine, or
sulfinpyrazone

MPR ≥ 0.80 – Adherence
according to
sUA level

Harrold, USA
(2009) (A)
[44]

Cohort (retrospective
claims database)

HMO 2000–2006
(6.5)

Age ≥18 years at time of
first ULT dispensing and
no of ULT 6 months
prior investigation

12 months ICD-code for gout MPR ≥ 0.80 – –

Harrold, USA
(2010) (B)
[35]

– Gap of 60-days; Time until
non-persistence;
Percentage returning to
ULT after gap
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Singh, USA
(2009)
[33]

Cohort (retrospective
claims database)

Minneapolis Veterans
Affairs (VA) Medical
Centre

1999–2003
(5)

At least 2VA outpatient
visits/year, no pharmacy
claim 6 months prior to
index date.

At least
6 months

ICD-code for gout – Gap of 30 days –

Solomon,
USA
(2008)
[29]

Cohort (retrospective
claims database)

Enrolled in Medicare
system þ pharmacy
benefit for older low-
income adults in state
Pennsylvania (~84%
women)

Unspecified Age ≥65 years, no ULT
pharmacy claim 12
months prior to index
date

Up to 12
months after
initiation

Filling record for
allopurinol, probenecid,
or sulfinpyrazone

PDC ≥ 0.80 Gap of 60 days; time until
non-persistence

Briesacher,
USA
(2008)
[31]

Cohort (retrospective
claims database)

MarketScan, employers
sponsored medical care

2001–2004
(3)

No pharmacy claim 12
months prior to index
date

At least 12
months

ICD-code for gout MPR ≥ 0.80 – –

Sarawate,
USA
(2006)
[34]

Cohort (retrospective
claims database)

HMO 2000–2003
(3)

Age ≥18 years, no
pharmacy claim 12
months prior to index
date

At least 12
months

≥2 visits with ICD-code for
gout or ≥1 gout
pharmacy claim

MPR ≥ 0.80 No refill with 1.5 day's
supply previous
prescription; Time to
non-persistence;
percentage of reinitiating

Riedel, USA
(2004)
[28]

Cohort (retrospective
claims database)

HMO, employers sponsored
medical care

1997–1998
(1)

Continuous enrollment
for ≥24 months after
index date and ≥2
allopurinol
prescriptions (study
population)

At least 24
months

ICD-code for gout or
1 prescription for ULT or
colchicine

Taking medication
≥ 0.80

– –

Electronic monitoring devices/pill count

Lee and So,
Korea
(2016)
[20]

Cohort (prospective
observational cohort)

Rheumatology centre Unspecified Male, age ≤ 75 years, no
ULT prescription 12
months prior to index
date

12 months Wallace classification
criteria

Pill count by nurse. Gap of 30 days –

Adherent: ≥80%
of pills taken

De Klerk,
The
Nether-
lands
(2003)
[19]

Observational
prospective cohort
study

Rheumatology outpatient
clinical

Unspecified First prescription of ULT 12 months or
less if patient
or rheumatol-
ogist stopped
medication

Rheumatologist diagnosed
gout

MEMS® – –

Mean adherence:
(referred to as
taking
compliance),
the percentage
of prescribed
dose taken

Patient-reported adherence

Singh, USA
(2016) (B)
[26]

Cross-sectional study Visitors of website
gouteducation.org

Aug 2014–
Apr 2015
(8
months)

Patient reported that gout
was diagnosed by a
physician

1 month Patient reported that gout
was diagnosed by a
physician

Patient-reported – –

Adherent: 480%
medication used
in last 30 days

Van Onna,
The
Nether-
lands
(2014)
[25]

Cross-sectional study Rheumatology outpatient
clinical and primary care
practices

Sep 2013–
Feb 2014

Unspecified Physician diagnosed Semi-structured
interview.

– –

Adherent:
medication taken
on a daily routine

Martini,
New
Zealand
(2012)
[23]

Cross-sectional data Community pharmacies,
region Auckland and
Waikato (mainly from
Māori and Pacific)

2010 (July) Patient believed he/she
had gout and could
communicate in English

Unspecified Prescription allopurinol/
colchicine þ patient
believed he/she had gout

Semi-structured
interview.
Adherent: not
specified

– –
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Mean adherence was reported in seven studies and ranged
from 54% [29] to 88% [15,19,28–32]. Because of the low number of
studies presenting mean adherence and often missing data on the
according standard deviations, we did not pool the results for
mean adherence.

For the five remaining studies the proportion of patients
adherent was not based on the threshold of 80%, and were
therefore not included in the meta-analysis. Adherence was
defined as taking medication “on a daily routine” [25], “on a
regularly basis as prescribed” [24] and one study did not define
when a patient was considered adherent [23–25]. Adherence rates
in these studies ranged from 40% [24] to 79% [23–25]. Finally, two
studies used the MARS questionnaire to assess adherence, but only
the mean scores were presented ranging from 39.0 (SD ¼ 7.4) to
42.7 (SD ¼ 2.7), 45 is considered highly adherent [21,22].
Non-persistence

Six studies reported non-persistence, and rates ranged from
54% [33] to 87% [17,20,29,34,35]. Time until non-persistence was
investigated in three studies and ranged from 4 to 12 months
[27,34,35]. The variation in outcomes is mainly attributable to the
differences in the permissible gap length and observation period
(Table 2). Due to large differences in defining non-persistence and
the low number of studies, it was inappropriate to create a pooled
estimate.

Factors associated with medication adherence

Table 5 summarizes factors associated with medication adher-
ence among 19 studies. We found strong evidence for better
medication adherence in patients who were older, had a higher
number of comorbidities, and suffered from diabetes or hyper-
tension. In addition, patients from African-American and Mãori
descent were more likely to have poor medication adherence
(moderate evidence) [15,29,30]. Several factors were infrequently
studied and therefore no conclusions on the role of factors as
smoking status, body mass index, socio-economic status could be
made. The same applies to other condition- or patient-related
factors, such as perceived health status or understanding illness,
these aspects were only investigated by single studies
[19,20,22,26].

For six [27] out of seven studies a better adherence was
associated with a lower serum uric acid concentration
[16,21,22,24,27,30,32]. One other study showed that time until
non-persistence was longer for those patients with a serum uric
acid concentration above 357 µmol/L (6 mg/dL) compared to those
who had a serum uric acid of less than 357 µmol/L [18]. Finally, one
study found that patients with zero gout flares 74% were consid-
ered adherent (PDC ≥ 80%) during 12 months follow-up, while
patients with 1–2 or ≥3 gout flares were 39% and 28% adherent,
respectively [36].
Discussion

Our study shows a large variation in medication adherence to
ULT among patients with gout. Poor medication adherence was
found in studies using prescription/claims data, whereas studies
using MEMS/pill count or patient-reported data showed consid-
erable better adherence rates. In a subgroup of studies (n ¼ 13)
that reported the proportion of patients adherent based on the
commonly used threshold of 80%, meta-analysis revealed a pooled
adherence of only 46%. The proportion of patients being non-
persistent, examined in five studies using prescription/claims data,



Table 2
Adherence to medication, including adherence, non-persistence and the association with uric acid concentration or gout flares.

Author Sample size (male)
Mean age years
(SD) Drugs studied

Medication adherence

Adherence Non-persistence
Medication adherence according to gout related
outcomes

Prescription/claims data

McGowan
et al. [17]

(i) Gout patients: n ¼ 34,634
(73%)

(ii) Study population: n ¼ 15,908

(i) 65.2 Allopurinol, febuxostat, probenecid,
and sulfinpyrazone.

Adherent (MPR 4 0.80): 46%
first 6 months of FU

Non-persistence (5-weeks
gap):

36% first 12 months of FU 59% first 6 months of FU
81% first 12 months of FU
Non-persistence (9-
weeks gap)

54% first 6 months of FU;
77% first 12 months of FU

Rashid et al.
[30]

(i) Gout patients with ≥1
prescription: n ¼ 13,341 (78%)

(ii) ≥2 prescriptions: n ¼ 10,991
(iii) sUA measurement available at

baseline and follow-up: n ¼
9,581

(i) 60 (14) Allopurinol Adherent (PDC 40.80):

(i) 33%; mean 0.65 (SD 23)
(ii) 42%; mean 0.74 (SD ¼

21)

Achieving sUA o6.0 mg/dL:
Adherent patients were 2.5-fold more likely than
non-adherent patients to achieve the target

Rashid et al.
(B) [36]

8,828 (80%) Unspecified Allopurinol, febuxostat, and
probenecid.

Percentage of patients adherent (PDC 4 0.80)
according to number of flares:

0 flares: 74%
1 − 2 flares: 39%
43 flares: 28%

Mantarro
et al. [16]

(i) Gout patients: n ¼ 3,727 (80%)
(ii) Study population: n ¼ 3,570

(i) 65 Allopurinol Adherent (PDC 4 0.80)
according to FU time in 1st
year:

Odds ratio for risk of hyperuricemia among
adherent patients, according to FU time in 1st
year:

0–29 days: 45.9% 0–29 days: OR ¼ 0.49 (CI: 0.33–0.73)
30–89 days: 16.7% 30–89 days: OR ¼ 0.40 (CI: 0.24–0.67)
90–149 days: 10.0% 90–149 days: OR ¼ 0.23 (CI: 0.15–0.34)
150–365 days: 3.2%

Horsburgh
et al. [15]

(i) Gout patients: n ¼ 953 (80%)
(ii) Study population: n ¼ 732

Unspecified Allopurinol Adherent (MPR 4 0.80):
78%; mean MPR: 0.88

Kuo et al. [2] 1997: unspecified
2012: n ¼ 49.395

Unspecified Allopurinol, febuxostat,
Benzbromarone, probenecid or
sulfinpyrazone.

Adherent (PDC ≥ 0.80) in 1997:
28% (CI: 27.3–29.3)

Adherent (PDC ≥ 0.80) in
2012: 39.7% (CI: 39.1–40.2)

PDC 0.20–0.80: 43%
PDC o 0.20: 18%

Zandman-
Goddard
et al. [27]

7.644 (72%) Unspecified Allopurinol Adherent (PDC ≥ 0.80): 17% Days to non-persistence
(30-day gap):

Per 1 mg/dl increase in sUA lower risk of non-
adherence (PDC ≥ 0.80) (OR ¼ 0.99; 95% CI:
0.99–0.99)PDC 4 0.20–0.80: 36% Men: 358

PDC o 0.20: 47% Women: 379
Park et al.
[18]

(i) Gout patients: n ¼ 352 (72%)
(ii) Study population: n ¼ 242

61 (?) Allopurinol, febuxostat, probenecid, Days to non-persistence
according to sUA level:

Adherent (PDC ≥0.80) according to sUA level:

1) sUA o6 mg/dL: 56%; mean 0.73
2) sUA 6–9.0 mg/dL: 24%; mean 0.46
3) sUA ≥ 9.0 mg/dL: 22%; mean 0.50

30-day gap (P value:
0.032)

(1) 215 (SD ¼ 150)
(2) 141 (SD ¼ 133)
(3) 139 (SD ¼ 132)

60-day gap (P-value: 0.008)

(1) 255 (SD 136)
(2) 164 (SD 136)
(3) 178 (SD 136)

colchicine, probenecid/colchicine
or fixed-dose combination
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Table 2 (continued )

Author Sample size (male)
Mean age years
(SD) Drugs studied

Medication adherence

Adherence Non-persistence
Medication adherence according to gout related
outcomes

Singh et al.
[33]

(i) Gout patients: n ¼ 3658
(ii) Study population: n ¼ 643

(99%)

(ii) 67.9 (9.7) Allopurinol Non-persistence (30-day
gap) during enrollment:
54%

Solomon
et al. [29]

9,823 (28%) 79 (7) Allopurinol, probenecid,
sulfinpyrazone

Adherent (PDC ≥ 0.80): 36% Non-persistence (30-day
gap) in 1st year: 56%

PDC o 0.65: 56% Non-persistence after 1st
prescription: ±25%PDC o 0.50: 46%

Mean: 0.54 (SD ¼ 0.36)
Known history of gout
(n ¼ 1,391):
Mean PDC: 0.54 (SD ¼ 0.35)
Initiated allopurinol
treatment (n ¼ 10,124):

Mean: 0.54 (SD ¼ 0.36)
Halpern
et al. [32]

(i) Gout patients: n ¼ 18,243
(84%)

(ii) Study population: n ¼ 10,070

(i) 53.9 (13.5) Allopurinol Adherent (MPR ≥ 0.80): 44% Percentage adherent according to sUA o6.0 mg/dL
and time (n ¼ 1473): 45.6%

1) 30–89 days: 49.3% of the adherence users had
sUA o 6.0 mg/dL vs 27.8% of non-adherence
users

2) 90–149 days: 51.8% vs 22.5%
3) 4150 days: 56.8% vs 23.8%

Mean: 0.62 (median ¼ 0.71)

Harrold
et al. [44]

4,166 (75%) 62 (14) Allopurinol, probenecid,
sulfinpyrazone

Adherent (MPR 40.80) in 1st
year: 44%

Median MPR:
Allopurinol: 0.68 (IQR ¼
0.64)

Probenecid: 0.49 (IQR ¼
0.70)

Harrold
et al. (B)
[35]

Non-persistence (60-day
gap): 70%

Days until non-
persistence:

Median: 120 (IQR ¼ 170)
Gap in year 1: 75%
Gap during study period
1 gap: 54%
2 gaps: 25%
≥3 gaps: 22%
Return to treatment
Within 8 months: 50%
Within 4 years: 75%

Briesacher
et al. [31]

9,715 (77.5%) 58.7 (0.14) Allopurinol, uricosurics Adherent (MPR 4 0.80): 37%
MPR: 0.60–0.79: 11%
MPR: 0.40–0.59: 12%
MPR: 0.20–0.39: 16%
MPR: 0.00–0.19: 24%
Mean ¼ 0.56
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Sarawate
et al. [34]

(i) Gout patients: n ¼ 5942 (76%)
(ii) Study population, any gout

medication: n ¼ 4635
(iii) Study population, allopurinol

use: n ¼ 2,405

(i) 57 (14) Allopurinol, probenecid,
sulfinpyrazone

Adherent (MPR 4 0.80) (iii):
28%

Non-persistence:
Any gout medication (ii):
87.9%

Allopurinol users (iii):
87%

Months to non-
persistence:

Mean ¼ 8.5 [SD ¼ 11.0]
Restart therapy: 1501 of
the 2094 (71.7%)

Riedel et al.
[28]

(i) Gout patients: n ¼ 9,482 (82%)
(ii) Study population: n ¼ 5,597

51 (11) Allopurinol Adherent (taking medication ≥
0.80): 56%

PDC: 0.30–0.80: 29%
PDC o 0.30: 15%
PDC ≤0.10: 20%
Mean rate: 0.75 (median ¼
0.84)

Electronic monitoring devices/pill count

Lee and
So [20]

132 (100%) 51.9 (10.4) Allopurinol, febuxostat Adherent (used pills
480%): 71%

Non-persistence (30-day
gap): 61%

De Klerk
et al.
[19]

(i) Gout patients: n ¼ 29 (80%)
(ii) Study population, ULT user: n ¼ 17

58 (12) Allopurinol, benzbromarone Mean adherence ¼ 0.84

Patient-reported medication adherence

Singh
et al. (B)
[26]

(i) Gout patients: n ¼ 499 (74%)
(ii) Study population: n ¼ 251

(i) 56.3 (12.6) Allopurinol, febuxostat Adherent (480%
medication used): 78.5%

Van Onna
et al.
[25]

15 (93%) 63 (12) ULT, colchicine, NSAIDs Adherent: 73%

Martini
et al.
[23]

(i) Gout patients: n ¼ 60 (90%)
(ii) Study population, ULT users: n ¼ 56

61 (range
23–93)

Allopurinol, colchicine Semi-structured interview
Adherent: 79%
Among those with
knowledge on ULT (n ¼
25): 88%

Dalbeth
et al.
[21]

(i) Gout patients: n ¼ 273
(ii) Study population: n ¼ 181

sUA (mmol/L)
o0.36: 61
(14)

Allopurinol, probenecid Mean MARS score according to sUA level:
sUA level o0.36 mmol/L: 42.7 (SD ¼ 2.7)

sUA ≥0.36:
58 (16)

sUA level ≥0.36 mmol/L: 39.0 (SD ¼ 7.4)

Dalbeth
et al. (B)
[22]

(i) Gout patients: n ¼ 142
(ii) Study population: n ¼ 105

57 (range:
19–85)

ULT, unspecified Mean MARS score: 39.8 (SD
6.8)

sUA was inversely correlated with adherence (r ¼
−0.33, P ¼ 0.003)

Silva et al.
[24]

34 57.1 (11.8) Allopurinol, Benzbromarone,
colchicine, NSAID, corticosteroid

Adherent: 37% of the adherent users had urine UA o250 mg/
day vs 0% of non-complaint usersBaseline:

Dropouts (n ¼ 9): 40%
On protocol (n ¼ 25): 17%
Final visit (at 1 year FU):
Dropouts (n ¼ 9): 32%
On protocol (n ¼ 25): 60%

Abbreviations: CI, confidence interval; IQR, interquartile range; MPR, medication possession ratio; NSAIDs, nonsteroidal anti-inflammatory drugs; OR, odds ratio; PDC, proportion days covered: SD: standard deviation; sUA: serum
uric acid
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Table 3
Results meta-analysis, proportion of patients adherent

Study
Sample
size

Proportion
(%)

95%
Confidence
interval

Weight (%)
fixed–
random

McGowan, Ireland (2016) 15,908 35.3 34.6–36.1 12.60 7.89
Singh (B), USA (2016) 251 78.5 72.9–83.4 0.20 7.12
Lee and So, Korea (2016) 132 71.2 62.7–78.8 0.11 6.54
Rashid (A), USA (2015) 10,991 42.3 41.4–43.3 8.70 7.88
Horshburg, New Zealand (2014) 732 78.0 74.8–81.0 0.58 7.62
Kuo, UK (2014) 49,395 39.7 39.2–40.1 39.11 7.90
Zandman-Goddard, Israel (2013) 7,644 17.4 16.6–18.3 6.05 7.88
Halpern, USA (2009) 10,070 43.6 42.6–44.5 7.97 7.88
Harrold (A), USA (2009) 4,166 44.0 42.5–45.5 3.30 7.85
Solomon, USA (2008) 9,823 36.3 35.3–37.2 7.78 7.88
Briesacher, USA (2008) 9,175 36.8 35.8–37.8 7.27 7.88
Sarawate, USA (2006) 2,405 28.0 26.2–29.8 1.90 7.81
Riedel, USA (2004) 5,597 56.0 54.7–57.3 4.43 7.86
Total (fixed effects) 126,289 38.6 38.4–38.9 100.0 100.0
Total (random effects) 126,289 46.6 40.8–51.2 100.0 100.0
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was even lower and showed rates ranging from 54% [33] to 87%
[34]. Consistent strong evidence was found that elderly patients,
patients with hypertension and/or diabetes, and those with more
comorbidities were more prone to be adherent. Finally, poor
medication adherence was associated with a higher number of
gout flares and an elevated serum uric acid concentration.

Our findings are overall in concordance with a previous system-
atic literature review of 16 studies from De Vera et al. [9] We
expanded upon that review by adding eight new studies, of which
six were conducted outside the USA, and by performing a meta-
analysis. Similar results were found across studies conducted
inside and outside the USA for which pooled estimates were 45%
and 48%, respectively. As expected, studies using MPR to calculate
adherence showed a higher estimate of the proportion of patients
being adherent than studies using the more conservative PDC, 44%
and 34%, respectively. Remarkably, one community study con-
ducted in New Zealand and using dispensing records (sample size
¼ 732) showed a substantial higher adherence rate of 78%
compared to other studies using prescription/claims data [15].
This study differed from the others as only patients with a
minimum of 90 days of dispensed allopurinol and a minimal
follow-up of 6 months were included. However, results did not
change substantially after eliminating the restriction for inclusion
on the minimum days of dispensed allopurinol. Whether this high
rate is due to an actual better patient adherence, different study
population or methodology, remains unclear.

Adherence found in studies using MEMS/pill count (n ¼ 2) or
patient-reported (n ¼ 6) was considerably better than that
reported from studies of pharmacy/claims data. It is known that
patient-reported approaches overestimate adherence [37], due to
social desirability. To avoid this bias partially, the use of a validated
questionnaire is recommended. Two out of six studies, both
conducted in New Zealand by Dalbeth et al. [21,22] used the
Table 4
Subgroup meta-analysis, proportion of patients adherent to their uric acid lowering
therapy

Study N
Sample
size

Range of
proportions (%)

Proportion 95%
CI adherent (%)

I2

(%)

Overall, random 13 126,289 17.4–78.5 46.0 40.8–51.2 99.7
Conducted inside USA 8 52,478 28.0–78.5 45.2 39.8–50.6 99.3
Conducted outside USA 5 73,881 17.4–78.0 47.5 36.5–58.6 99.8
Outcome measure PDC 4 77,853 17.4–42.4 33.5 24.4–43.2 99.8
Outcome measure MPR 6 42,456 28.0–78.0 44.1 37.6–50.7 99.4
MARS questionnaire. Although not specifically validated in gout, it
was developed to assess adherence to long-term medication
regimens. The use of MEMS has been considered to be an accurate
method for medication adherence, as it observes “real-time”
behavior [38]. The monitor itself might modify medication taking
behavior, but these effects are considered small [39].

The difference in adherence between prescription/claims
opposed to MEMS/pill count data or patient-reported data might
not be solely explained by the difference in methods to assess
medication adherence, but could also reflect differences in study
population. The majority of prescription/claims studies included
gout patients with no ULT prescription 12 months prior the start of
the study, whereas studies using patient-reported data often
included patients with previous use of ULT. These patients might
have longer disease duration and might have experienced the
negative consequences of not being adherent and therefore greater
motivation to take their medication as prescribed. This might also
apply to the patients treated by a rheumatologist instead of a
general practitioner. Two prescription/claims studies showed
indeed that patients receiving ULT from a specialist instead of a
generalist had better adherence [29,30]. Unfortunately in the
present review, only a few studies were conducted among patients
exclusively under care of a general practitioner [2,16] or rheuma-
tologist [19,20,24], due to the low number of studies and differ-
ence in methods to assess adherence it was impossible to conclude
whether medication adherence differs between patients seen in
first and second line.

Non-persistence was assessed in six prescription/claims studies
and rates ranged between 54% [33] and 88% [17,26,29,34,35]. This
broad range is likely to be explained by the differences in
permissible gap length and observation time. A drawback of the
studies is the absence of information on reasons to stop or
interrupt medication, it could even be provider directed. Thus
far, only two studies investigated whether patients return to
therapy. Harrold et al. found that among the 70% of patients who
had a gap in therapy of at least 60-days, about 50% returned to
treatment within 8 months, and 75% within 4 years [13]. This is in
line with the study from Sarawate et al. [34], who showed that 72%
returned to therapy after experiencing a gap. None of the studies
investigated adherence to medication after restarting therapy. This
could be valuable, as it can be assumed that in this subgroup the
indication to use ULT is likely more pertinent, and the group that
was non-adherent due to severe side effects has likely been
excluded.

Nine studies related medication adherence to clinical gout
related outcomes [16,18,21,22,24,27,30,32,36]. For six out of seven
studies poor medication adherence was associated with a higher
serum uric acid concentration [16,21,22,24,27,30,32] and in one
study with more gout flares [36]. However, for all studies reverse
causality cannot be excluded, that is, the dispersion of monoso-
dium urate crystals during the initiation phase of ULT increases the
risk of having a gout flare [40], which may lead to poor medication
adherence.

Compared to the review from De Vera et al., the current
review reports for 13 additional studies the relationship between
medication adherence and potential influencing factors [3,9,10,
13,17,19,20,22,23,25,26,32,34]. Findings strengthened insight into
the protective role of older age, presence of hypertension and/or
diabetes, and higher number of comorbidities on medication
adherence. In addition, moderate evidence was found for a role
of origin in medication adherence. Further confirmation and
exploration of reasons for lower adherence among ethnic minor-
ities is needed. Other patient- and therapy-related factors, such as
knowledge and perceptions of the disease and medication, and
health care team and system-related factors [41] have only been
investigated in a few small studies [19,20,22,26].



Fig. 2. Forest plot: pooled estimate of proportion of patients adherent.
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The current study should be interpreted within the context of
its potential limitations. First, all studies assessed medication
adherence by using an indirect method; none of them verified if
the patients actually consumed their medication. Second, the
thresholds to define “good” and “poor” adherence were all
arbitrary. Most studies used a cut-off value of 80%, whether this
is clinically relevant and required for therapeutic benefit is
uncertain [42]. Third, the wide range of measures and definitions
of adherence and non-persistence complicates the interpretation
and summation of the results. In the meta-analysis we therefore
only included studies who defined adherence as the proportion of
patients who took at least 80% of their medication during
observation. To restrict the influence of other factors we
performed a stratified meta-analysis on country of investigation
and measure of adherence. Notwithstanding, we cannot exclude
that other clinical or methodological factors explain the high
heterogeneity of the results. A meta-regression analysis would
have been more accurate but was impossible, since information on
potential variables was often lacking and the total number of
studies was too low. Fourth, for two studies the identification of
gout patients relied on prescription of ULT only. It is unknown
whether the patients had gout or used the medication for other
purposes, like tumor lysis syndrome [15,17].

In conclusion, this study suggests for more attention to med-
ication adherence to ULT among gout patients. Awareness among
clinicians is also important in view of their role in improving



Table 5
Determinants associated with better medication adherence

Category Specific factor Positive* Not significant Negative
Level of
evidence

Social—economic Age (older) Zandman-Goddard et al. [27]a Mantarro et al. [16]a Horsburgh et al. [15]b Strong, positive
Solomon[29]a Singh et al. (B) [26]b

Riedel et al. [28]a Lee and So [20]c

Harrold et al. [44]a

Briesacher et al. [31]c

Silvaet al. [24]c,d

Harrold et al. (B) [35]c

Martini et al. [23]c

McGowan et al. [17]c

Rashid et al. [30]a

Gender (male) Zandman-Goddard et al. [27]a Solomon et al. [29]a Riedel et al. [28]a Conflicting
McGowan et al. [17]c Briesacher et al. [31]c

Mantarro et al. [16]a

Singh et al. (B) [26]b

Horsburgh et al. [15]b

Harrold et al. [44]a

Rashid et al. [30]a

Race Solomon et al. [29]a Moderate,
negativeAfrican–American/ethnicity vs

Caucasian
Rashid et al. [30]a

Mãori vs non-Mãori Horsburgh et al.
[15]b

Socio-economic status (low vs high) Horsburgh et al. [15]b Zandman-Goddard
et al. [27]a

Conflicting

Marital status (yes vs no) Zandman-Goddard et al. [27]a Lee and So [20]c Conflicting
Income (low vs high) Lee and So [20]c Limited, no

association

Condition related Diagnosis (newly vs previously) Lee and So [20] Sarawate et al. [34]a Conflicting
Gout flares (more vs less) Mantarro et al. [16]a Rashid et al. (B) [36]a Conflicting

Sarawate et al. [34]a Silva et al. [24]c

Tophaceous gout Lee and So [20]c Solomon et al. [29]a Conflicting
Hospitalization (more vs less) Solomon et al. [29]a Harrold et al. [44]a Conflicting

Mantarro et al. [16]a

Health care utilization (more vs less) Harrold et al. [44]a Limited,
positiveSingh et al. [33]a

Alcohol consumption (yes vs no) Lee and So [20]a Limited, no
association

Comorbidities
(yes vs no)

Comorbidity (more vs less] Solomon et al. [29]a Lee and So [20]c Strong, positive
Harrold et al. [44]a

Harrold et al. (B) [35]c

Briesacher et al. [31]c and
Martini et al. [10]c

McGowan et al. [17]c

Alcohol-related diseases Mantarro et al. [16]a Limited, no
association

Anemia Mantarro et al. [16]a Limited, no
association

Arrhythmias Mantarro et al. [16]a Limited, no
association

Cancer history Zandman-Goddard et al. [27]a Limited, no
association

Cardiovascular disease Zandman-Goddard et al. [27]a Lee and So [20]c Conflicting
Chronic kidney disease/kidney failure Lee and So [20]c Rashid et al. [30]a Conflicting
Diabetes Zandman-Goddard et al. [27]a Lee and So [20]c Strong, positive

Riedel et al. [28]a

Rashid et al. [30]a

Mantarro et al. [16]a

Heart failure Rashid et al. [30]a Mantarro et al. [16]a Conflicting
Hypertension Zandman-Goddard et al. [27]a Strong, positive

Riedel et al. [28]a

Sarawate et al. [34]a

Lee and So [20]c

Mantarro et al. [16]a

Rashid et al. [30]a

Dyslipidaemia Lee and So [20]a Limited, no
associationMantarro et al. [16]a

Myocardial infarction Rashid et al. [30]a Limited,
positive

Nephrolithiasis Lee and So [20]c Limited, no
association
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Table 5 (continued )

Category Specific factor Positive* Not significant Negative
Level of
evidence

Osteoarthritis Zandman-Goddard et al. [27]a Mantarro et al. [16]a Conflicting
Rheumatoid arthritis Mantarro et al. [16]a Limited, no

associationZandman-Goddard et al.
[27]a

Use of thiazide/other diuretics Rashid et al. [30]a Mantarro et al. [16]a Conflicting

Therapy related Febuxostat vs allopurinol McGowan et al. [17]c Lee and So [20]c Conflicting
Drug prescription [specialist vs
generalist)

Solomon et al. [29]a Limited,
positiveRashid et al. [30]a

Drug doses (higher vs lower) McGowan et al. [17]c Lee and So [20]c Riedel et al. [28]a Conflicting
Rashid et al. [30]a

Side effects (yes vs no) De Klerk et al. [19]c Limited, no
association

Use of prophylactic (yes vs no) Mantarro et al. [16]a and Lee
and So [20]c

Harrold et al. [44]a Conflicting
Rashid et al. [30]a

Patient-related Functional capacity, HAQ (greater vs
poorer)

De Klerk et al. [19]c Limited, no
association

Overall health profile (greater vs
poorer)

De Klerk et al. [19]c Limited, no
association

Coping, UCL score (more vs less) De Klerket al. [19]c Limited, no
association

Perceived health status (high vs low) De Klerk et al. [19]c Limited,
negative

Previous history of non-persistence to
ULT (yes vs no)

Lee and So [20]c,e Lee and So [20]c,e Conflicting

Preference for non-pharmacological
treatments

Singh et al. (B) [26]b Limited, no
association

Understanding illness (greater vs
poorer)

Dalbeth et al. (B) [22]c Limited,
positive

Body mass index (high vs low) Zandman-Goddard et al. [27]a Lee and So [20]c Conflicting
Mantarro et al. [16]a

Smoking (current vs never) Lee and So [20]c Zandman-Goddard
et al. [27]a

Conflicting
Mantarro et al. [16]a

nPositive association indicates better medication adherence.
aMultivariable adjusted analyses.
bSex, age, race and socioeconomic status adjusted (if applicable).
cCrude.
dThere was a trend for younger age.
eAssociated with adherence, but not with persistence.
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medication adherence [43]. Combining quantitative and qualita-
tive studies to assess medication adherence is needed, not only to
reveal the dynamics in medication use, but also to understand the
rationale for interrupting or stopping medication usage.
Appendix A. Supporting information

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.semarthrit.2017.
09.007.
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