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“I have a name men dread and loathe to hear;
They call me Gout, a fearsome scourge to men;
I bind their feet in sinew-knotting cords,
When I have swept unseen into their joints.”

– Lucian of Samosata (125 AD – 180 AD, from ‘Swift-of-Foot’) –
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GENERAL INTRODUCTION
History of gout
The first text descriptions of gouty arthritis were made by Egyptians around 2640 BC [1].
Centuries later, around 400 BC, Hippocrates is believed to have made the first accurate
clinical description of an acute gout attack in the first metatarsophalangeal joint, which
was at that time referred to as podagra, literally meaning ‘foot-grabber’ [2]. In his work,
he also clearly describes a relationship between gout and lifestyle, forming the basis for
the long-lasting classification of podagra as the “arthritis of the rich” or a “disease of
kings”; A group living abundant lives and frequent sufferers of gout. Six centuries later,
Galen (130-200 AD), was the first to describe tophi (lumps of monosodium urate (MSU)
crystals) as chalk-like structures [3]. The descriptions of Hippocrates and Galen endured
throughout medical history, yet only around 1200 AD was the term gout introduced for
the first time [4].
In the 16th century, developments in the understanding of gout became more precise
and more in line with the disease as we know it today. In 1683, the English physician
Sydenham distinguished gout from other forms of arthritis, and differentiated an
acute and advanced (chronic) form [5]. Around the same time, in 1679, Antonie van
Leeuwenhoek, was the first to describe the appearance of the contents of a tophus as
seen through his microscope, although the chemical composition of uric acid crystals
was not yet known at the time [6]. Approximately one hundred years later in 1776, the
Swedish chemist Scheele isolated the chemical component uric acid, and Woolaston,
an English chemist, retrieved urate from a tophus in his own ear [4]. However, only in 1961
did McCarty and Hollander publish experiments which demonstrated that synovial fluid
contains MSU crystals, which would serve as a basis for the diagnosis of gout [7]. From this
point onwards, the understanding of gout grew rapidly, with developments in the areas
of treatment as well as the understanding of its pathophysiology [8].

Pathophysiology and clinical manifestations
Gout is a MSU crystal-induced inflammatory disease of the joint, belonging to the family
of rheumatic diseases. Prolonged hyperuricemia may result in the formation of MSU
crystals when serum urate (SUA) levels surpass the saturation point of MSU of > 6.8 mg/
dL, followed by their deposition in and between soft tissue and joints, in particular the
first metatarsophalangeal joint [9,10]. Presence of MSU crystals in the synovial fluid of joints
may attract macrophages and monocytes that attempt to phagocytize the crystals,
leading to intracellular activation of the NALP3 inflammasome that results in excretion
of the cytokine interleukin (IL)-1β [11]. By binding to receptors on local endothelial cells
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and macrophages, excreted IL-1β signals these cells to produce more and other proinflammatory proteins, thus amplifying the inflammatory response, generally leading to
localized symptoms as joint pain, swelling, erythema and tenderness of the affected
joint [12]. The (sudden) onset of such an event is commonly referred to as an acute gout
flare or attack, and may also be associated with general symptoms as fever and malaise,
or physical impairment and decreased quality of life [13].
Untreated gout and hyperuricemia may lead to worsening of the disease, reflected
by accumulation of MSU crystals within joints and soft tissues, that could lead to the
development of tophi, and repeated episodes of acute gout flares. At this stage, joint
damage and deformation may occur. Although hyperuricemia is the predominant
risk factor for developing gout, the presence of comorbidities (e.g., renal disease,
hypertension, obesity) and genetic factors, are further underlying factors that
contribute to increased urate levels and therefore the development of gout [14]. Also
modifiable lifestyle factors as diet, including high purine turn-over, and exercise have
been associated with elevated urate levels and thus gout development [15]. In general,
patients with gout have an increased risk for cardiovascular diseases, mainly related to
the hyperuricemia [14].

Epidemiology
Gout is one of the most prevalent forms of inflammatory arthritis [16]. The prevalence
of gout appears to increase over time, and varies greatly across geographic regions,
with countries as Mexico and Cuba having prevalence estimates ranging from 0.30.4%, whereas in the US and UK, 3.9% and 3.2% of adults have been reported to
have gout, respectively [17–20]. Prevalence estimates even > 6% have been reported in
specific subpopulations, such as in the male Maori population within New Zeeland [21]. In
general, the prevalence of gout is higher in wealthier, developed countries, compared
to developing countries, which may be attributed to the increasing longevity of these
populations and increasing (life-style associated) comorbid conditions [16].

Clinical management of gout and hyperuricemia
For the management of gout in clinical practice, a distinction can be made between
the treatment of acute gout flares by alleviating pain and inflammation on the one
hand, and the lowering and monitoring of SUA levels for preventing future attacks and
improving overall prognosis, on the other. Various effective anti-inflammatory and antihyperuricemia treatment options are currently available to treat gout and hyperuricemia,
respectively. As such, from a clinical point of view, gout is often considered to be a well
treatable and manageable disease. Still, reports are increasingly highlighting concerns
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on the management of gout, with many patients achieving unfavorable outcomes in both
the acute phase of the disease, but also in the long-term [19,22,23].
Acute gout flares
For the treatment of acute gout flares colchicine, non-steroidal anti-inflammatory drugs
(NSAIDs), and corticosteroids are the three first-line treatment agents recommended
by international management guidelines, as their efficacy for the treatment of acute
gout flares has been well documented in the past decades [24–26]. In general, these
agents allow for a rapid decrease in pain and inflammation of the affected joint and
make the acute phase of the disease well treatable. However, treatment success might
be limited by adverse drug reactions. Moreover, as presence of multimorbidity is
common in patients with gout, for example comorbidities like cardiovascular disease,
renal disorders or metabolic disorders, treatment with these conventional therapies
may be difficult [27]. Such comorbidities may cause contraindications to the standard
treatment options, subsequently leaving gout patients untreated for their flares as
treatment with the conventional therapies is thus hampered or deemed unsuited. For
these patients, and in patients with frequent occurring flares, treatment with an IL-1
inhibitor may be considered as an alternative [25]. Yet, to date, only the IL-1β monoclonal
antibody canakinumab has been registered for treatment of acute gout flares in Europe.
Unfortunately, canakinumab is only available for gout patients with at least three gout
attacks per year, in whom treatment with NSAIDs, colchicine or corticosteroids are
contraindicated, ineffective or intolerable. In addition, applicability of canakinumab is
limited by its high price (i.e. ~ €12,000 per injection in the Netherlands), which might
discourage its use in clinical practice. Moreover, rilonacept, another IL-1 inhibitor, was
shown to not provide additional or superior pain-relief when used as an add-on therapy
to standard of care, compared to standard of care NSAID in treating gout flares [28]. As
such, treatment alternatives for those gout patients who do not meet the indicative
requirements for canakinumab, but are also difficult to treat using conventional
therapies, remain limited.
Hyperuricemia
Treating hyperuricemia with urate lowering therapy (ULT) to prevent the progression
of the disease and the reoccurrence of gout flares is a major part of the long-term
management of gout. The ultimate goal of ULT is to lower SUA to a level that induces
dissolution of MSU crystal depositions, and to maintain SUA levels below the saturation
threshold for MSU crystal formation. In general, with every patient with crystal-proven
gout, ULT should be considered and discussed, according to gout guidelines [25,29]. In
patients with frequent flares, tophi, renal stones and urate arthropathy, adequate ULT
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is indicated [25,29]. Unfortunately, despite these recommendations and the availability of
effective ULT, gout flare recurrences are still common in patients on ULT [30]. Therefore,
research focusing on improving the clinical outcomes of gout patients has gained priority
in this field, including the prevention of gout flares and determining best practices [31].
In contemporary gout management best practices, a treat to target (T2T) approach is
advised in lowering SUA levels with ULT in gout patients. T2T is a disease management
strategy in which well-defined, clinically relevant endpoints are aggressively pursued
by means of frequent monitoring of the relevant endpoints, and making therapeutic
adjustments aimed at achieving the treatment target, and to maintain this over time [32].
A T2T approach was first applied in the field of cardiovascular diseases, for example, in
the management of hypertension and hypercholesterolemia [33]. Later on, the concept
of T2T was also introduced in other medical disciplines, including the management of
metabolic diseases (i.e. diabetes), and rheumatic conditions. In rheumatology, a T2T
concept has first been adopted in the treatment of patients with rheumatoid arthritis,
where the target for clinical remission of disease activity is the goal

[34–36]

. In other

rheumatic conditions, including gout and hyperuricemia, treating to a target is still a
fairly new concept.
In gout patients, evidence is increasingly showing that SUA levels below 6 mg/dL (360
µmol/L) is the minimal target at which benefits from ULT may be achieved in all gout
patients, supported by studies wherein this target has been associated with decreased
flare frequencies and decreased tophi size in gout patients [30,37]. A more stringent target
of 5 mg/dL (300 µmol/L) has also been proposed for patients with severe (tophaceous)
gout, although less evidence is available to support this target

[25]

. Consequently,

international gout management guidelines (i.e. ACR, EULAR) have endorsed these SUA
levels as target levels when initiating patients on ULT [25,29]. In meeting these SUA target
levels, a T2T approach is recommended. This implies that SUA levels are monitored
over time, and that adjustments in ULT treatment dosages or ULT agents are made at
the discretion of the treating caregiver in order to reach these predefined SUA target
levels. Though adopted in these guidelines, evidence supporting the added value of a
T2T strategy in lowering SUA levels in gout patients remains scarce [38].
While the concept of T2T in (effectively) lowering and maintaining SUA levels with ULT
is still relatively new and, as yet supported by few studies in gout, the overarching issue
of ULT medication adherence in gout patients is well known and supported by various
international studies [39]. Medication adherence plays a significant role in the degree of
treatment success and disease prognosis [40]. While varying definitions of medication
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adherence persist in literature, the International Society for Pharmacoeconomics
and Outcomes Research (ISPOR), Medication and Compliance Work Group defines
medication adherence (also called ‘compliance’) as “the extent to which a patient acts
in accordance with the prescribed interval and dose of a dosing regimen” [41]. Persistence
refers to “the duration of time from initiation to discontinuation of therapy”.
In gout and hyperuricemia, poor ULT medication adherence and persistence may
contribute to reoccurrence of flares or worsening of disease, since SUA levels are
insufficiently lowered

[42]

. Therefore, for achieving favorable disease and patient

outcomes, it is of utmost importance that patients are adherent to their ULT. Although
various international studies have reported on poor ULT medication adherence in gout
patients, whether this issue also exists among gout patients in the Netherlands remains
unknown.

Measuring outcomes that matter to patients with gout
The biomedical perspective is heavily emphasized in the management of gout, with
the resolution of inflammation and normalization of SUA levels as central objectives.
However, it is increasingly recognized that disease specific biomedical outcomes by
themselves fail to capture aspects of health status that are of importance to patients,
as well as other stakeholders. In fact, it is the impact of biomedical factors (i.e. signs and
symptoms) on patient’s social role functioning or their ability to perform daily activities
what usually prompts them to seek medical attention, rather than the biological factors
themselves [43]. Also in gout, patients report relevant outcome domains impacted by
disease to be related to physical functioning, performance of daily activities, diet, work
and productivity, sleep, social functioning and emotional wellbeing [44–46]. For assessing
the consequences and impact of disease in dimensions such as these from a patient’s
perspective, patient reported outcome measures (PROMs) are useful.
Originally, PROMs were introduced in the field of health services research, to meet
an increasing societal demand (from payers, caregivers, governmental bodies) for
outcomes data in the second half of the 20th century. A variety of generic and diseasespecific PROMs were developed during that time to help various stakeholders make
informed and sound resource allocation decisions [47,48]. These measures subsequently
also became popular in clinical trials, and were increasingly used to support labeling
claims for newly developed medical products [49].
The Health Assessment Questionnaire (HAQ) disability index, and the Arthritis Impact
Measurement Scales (AIMS) were among the first PROMs to be specifically developed in
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the field of rheumatology [50,51]. Over time, the importance of measuring patient outcomes
with use of PROMs grew in this field, which was in part driven by the recognition that
PROMs better predict outcomes such as early mortality, work disability and joint
replacement, compared to biological (clinical) components in patients with rheumatoid
arthritis [43,52,53]. In addition, patient outcomes were shown to correlate with clinical
measures in patients with rheumatoid arthritis [43], and PROMs were frequently shown
to be more sensitive to change than clinical outcomes [54]. Nowadays, various patient
reported core outcome domains, for different rheumatic conditions, have been defined
by the Outcomes Measures in Rheumatology Clinical Trials (OMERACT) initiative for
clinical trials [55,56] and the International Consortium for Health Outcome Measurement
(ICHOM) for measuring quality of care in daily practice [57].
Also in gout, PROMs have made a significant contribution to understanding the impact
gout may have on patients from a patient’s perspective [58]. This includes outcomes
related to patient’s symptom experience, work disability, but also the degree of physical
disability, and emotional and social wellbeing, overall determining someone’s overall
quality of life

[59,60]

. Following developments in other rheumatic conditions, patient

outcomes but also clinical outcomes, that are considered relevant for in gout clinical
trials have been defined by the OMERACT working group gout [61]. In addition, for each of
the patient outcomes PROMs have been identified that pass the OMERACT filter of truth
(valid), discrimination (reliable), and feasibility. Despite their recommendation for use
in clinical studies, evidence supporting the validity and reliability of PROMS is currently
limited, as well as the availability of gout-specific PROMs.

Societal burden of gout
Various studies have shown that the burden of gout on society is substantial [62]. Patients
with gout suffer from loss of work productivity and high costs of illness, which have been
shown to increase with the severity of disease

[62–64]

. The burden is likely to increase

further in the near future, in light of the increasing prevalence of gout, the chronic
nature of hyperuricemia and the development of new pharmacological, and potentially
expensive treatment options. Considering these developments, gaining insight into the
costs and benefits associated with (new) gout treatment interventions will therefore
become increasingly important. In particular as the societal health care expenditures
are already limited, and resources are in need of effective allocation

[65]

. For this

purpose, health economic evaluations have become a valuable tool in various research
domains. However, for gout limited health economic evaluations comparing costs and
effectiveness of treatment options have been reported on.
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OUTLINE OF THESIS
Part I: Clinical management of gout and hyperuricemia
Anakinra for treating acute gout flares
Alternative treatment options for patients with acute gout flares are currently needed.
Gout patients commonly suffer from comorbidities that hamper the applicability
of conventional first-line treatment options, including colchicine, NSAIDs and
corticosteroids, due to contraindications

[27,66]

. In addition, occurrence of adverse

treatment reactions or inefficacies, may make treatment with these therapies difficult
[67]

. Alternatively, for those patients who cannot be treated with conventional therapies,

treatment with an IL-1 inhibitor may be considered as an alternative

[25]

. Currently, the

IL-1β monoclonal antibody canakinumab is the only registered IL-1 inhibitor for gout
in Europe, indicated for patients with frequent occurring flares (≥ 3 flares per year),
in whom the conventional treatment are contraindicated, intolerable of ineffective.
However, this narrow indication, as well as its high price, may hamper its applicability in
daily clinical practice. As such, treatment alternatives for treating patients with acute
gout flares remain limited.
Anakinra is an alternative IL-1 receptor antagonist, which competitively blocks
the binding of excreted IL-1 (both IL-1β and IL-1α), consequently suppressing the
biochemical inflammatory response associated with gout. Various uncontrolled
observational studies and one open-label study have reported on gout patients
that have been treated with anakinra. These studies suggest that anakinra may work
effectively for treating acute gout flares [68,69,78–83,70–77]. However, thus far no randomized
controlled trials studying the efficacy and safety of anakinra in gout patients has been
reported. Such trials are necessary for understanding whether anakinra is truly an
effective and safe alternative for the treatment of acute gout flares. In particular in
gout, randomized controlled trials for studying the efficacy of treatment options are
desired considering the self-limiting course of disease. That is, the interpretation of
results of uncontrolled, observational studies are hampered as the observed clinical
improvement seen in these studies might also be a reflection of the self-limiting natural
course of acute gout. Therefore, in Chapter 2 of this thesis, the results of a randomized
controlled trial in which anakinra was compared to standard of care for the treatment
of acute gout flares are described.
Management of hyperuricemia
Initiating ULT for lowering and managing SUA levels is believed to contribute to improving
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clinical outcomes in gout patients, including fewer gout flare recurrences

[30]

. It has

therefore been recommended by gout management guidelines that ULT should be
discussed and considered in all patients upon a definite diagnosis of gout

[25,29]

. In

addition, early initiation of ULT is preferred, which may involve ULT being initiated upon
the presentation of an acute gout flare [25,29,84]. As a protective measure, prophylaxis with
colchicine or NSAID is also recommend when starting ULT to suppress the eliciting of
a new flare

[25]

. Despite these recommendations, patients on ULT still commonly suffer

from gout flare recurrences, particularly in the period directly following ULT initiation
[30,85]

. Preventing the occurrence of gout flares is considered a top priority in improving

gout outcomes

[31]

. Therefore, clinical outcomes may improve when an understanding

is gained regarding which factors may be associated with gout flare occurrences after
initiation of ULT. An exploration of such variables may reveal areas of interest for future
research, which could eventually help in determining whether a patient is at increased
risk for developing gout flares when initiating ULT. However, to date not much is known
about prognostic factors related to early (≤ 3 months) gout flare recurrence, let alone in
patients initiation ULT during an acute gout flare [85–89]. Therefore, the study in Chapter 3
aimed to determine which of various patient, clinical or patient-reported characteristics
were prognostic of gout flare occurrence within the first three months after starting ULT
during an acute gout episode.
For the management of gout and hyperuricemia, the principle of treating to a target in SUA
levels with ULT has been adopted in various international management guidelines. However,
current evidence supporting a T2T approach in gout is still rather weak [38], and the 2016
published T2T recommendations for gout are solely based on consensus and expert opinion
. In order to support and understand the added value of a T2T strategy in the treatment

[90]

of hyperuricemia, the study in Chapter 4 reflects on its implementation in clinical practice
and reveals the clinical outcomes achieved in real-world gout patients.
A major issue in the long-term management of gout is poor ULT medication adherence
by patients, potentially influencing outcomes seen in gout patients such as gout flare
recurrences. This issue has been reported on by various international studies that have
evaluated the levels of ULT compliance and persistence in their country. However, thus
far, no such report has been attained for the Netherlands. Yet, in order to improve
medication adherence in gout patients at a national level, insight into the status of
prescribing patterns of physicians, as well as the levels of patient compliance and
persistence is desired. This could consequently reveal whether and where potential
areas of improvement in medication adherence lie for gout patients in the Netherlands.
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Therefore, the study in Chapter 5 determined the ULT dispensing patterns, as well as the
levels of compliance and persistence of ULT among patients with gout and hyperuricemia
in the Netherlands.

Part II: PROMs in gout
Improving outcomes assessment from the patient’s perspective
Various gout outcome domains and associated PROMs have been endorsed based on the
OMERACT filter of truth, discrimination and feasibility, for use in gout clinical trials [58,91].
However, equally important when using PROMs is that their use should be substantiated
with evidence supporting their psychometric properties in the population of interest, to
ensure that reliable and valid measurement of outcomes are made [43,92]. In addition, the
methodological quality of the study should be considered. For this purpose, Consensusbased Standards for the selection of health Measurement Instruments (COSMIN), has
created a checklist to evaluate the methodological quality of a study evaluating the
measurement properties of an instrument

[93]

. In spite of their widespread use in gout

clinical research, evidence on the psychometric properties of PROMs remains scare,
in particular with regard to the methodological quality of the study applied. Therefore,
in Chapter 6, we systematically reviewed which PROMs are currently available for gout
clinical studies, and determined the level of evidence supporting their psychometric
properties, while considering the methodological quality of the study. Gaining insight
into the psychometric properties of the PROMs used in gout is essential, considering
their widespread use for gout research purposes.
In acute gout clinical studies, flare diaries are often used to capture the severity of flarerelated symptoms from a patient’s perspective, including levels of pain, tenderness and
swelling of the joint affected by gout. Though this data is elaborately gathered in acute
gout clinical studies, only pain is commonly used as a primary endpoint for evaluating
efficacy for treatment. However, combining information from all three symptoms (i.e.
pain, swelling, and tenderness), may provide a more comprehensive summary on gout
flare symptom intensity, which may potentially be more responsive to change compared
to the single-item components. In Chapter 7, we introduce and evaluate a gout-specific,
patient-reported, gout attack intensity score (GAIS) for use in gout clinical studies,
composed of the single-items pain, tenderness and swelling.
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Part III: Societal burden of gout
Health economic evaluation for gout
For gout, various cost-effectiveness studies have been done, comparing either
treatment options available for acute gout flares (i.e. anti-inflammatory agents) or for
hyperuricemia (i.e. ULT)

[94–102]

. However, a health economic model, wherein commonly

used treatment strategies for acute gout flares and ULT may be compared simultaneously
has not been developed for gout. Yet, such a model would allow for comparison of
the costs and benefits of available treatment strategies in gout and hyperuricemia, and
evaluate the added value of implementing new, more expensive drugs (i.e. anakinra) in
the treatment arsenal of treating physicians. Therefore, in Chapter 8, a health economic
model was developed to determine and compare the costs and benefits of treatment
strategies, including treatments available for both the acute phase of the disease and
the long-term management of hyperuricemia.
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ABSTRACT
Objectives. To evaluate the efficacy and safety of anakinra in treating acute gout flares
2

in a randomized, double-blind, placebo-controlled, active comparator, non-inferiority
(NI) trial.

Methods. Patients with a crystal-proven acute gout flare were randomized (1:1) to
treatment with anakinra or treatment as usual (free choice: either colchicine, naproxen
or prednisone). The primary end point was the change in pain between baseline and the
averaged pain score on days 2-4 measured on a five-point rating scale. NI of anakinra
would be established if the upper bound of the 95% confidence interval (CI) of the
numeric difference in changed pain scores between treatment groups did not exceed
the NI limit of 0.4 in favour of treatment as usual, in the per-protocol (PP) and intentionto-treat (ITT) populations, assessed in an analysis of covariance model. Secondary
outcomes included safety assessments, improvement in pain, swelling, tenderness and
treatment response after 5 days, assessed using linear mixed models and binary logistic
regression models.

Results. Forty-three patients received anakinra and 45 treatment as usual. Anakinra
was non-inferior (mean difference; 95% CI) to treatment as usual in both the PP (-0.13;
-0.44, 0.18) and ITT (-0.18; -0.44, 0.08) populations. No unexpected or uncommon
(serious) adverse events were observed in either treatment arm. Analyses of secondary
outcomes showed that patients in both groups reported similar significant reductions
in their gout symptoms.

Conclusion. Efficacy of anakinra was shown to be non-inferior to treatment as usual
for the treatment of acute gout flares, suggesting that anakinra is an effective treatment
alternative for acute gout flares.

Trial registration. Het Nederlands Trial Register, www.trialregister.nl, NTR5234
Key Messages.
- A five-day treatment of anakinra was non-inferior to registered treatment as usual in
treating acute gout flares.
- Results suggest anakinra is an effective treatment alternative for the treatment of
acute gout flares.
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INTRODUCTION
Gout is a common form of auto-inflammatory arthritis, caused by the deposition of MSU
crystals within the soft tissue of synovial joints [1]. Acute gout flares are characterized by
distinct inflammatory symptoms (e.g. pain, erythema, swelling), and may cause physical
disability, as well as decreased quality of life

[2,3]

. Therefore, rapid reduction of auto-

inflammation to achieve prompt symptom control is a main goal in managing acute gout.
Colchicine, NSAIDs and glucocorticosteroids are recommended first-line treatment
agents for acute gout [4–8]. Unfortunately, comorbidities that may result in contraindications
to these medications are common in gout

[9,10]

of, or fail to respond to these medications

. Moreover, some patients are intolerant

[11]

. For such patients, potent treatment

alternatives are needed. The 2016 updated EULAR guidelines recommend considering
treatment with an IL-1 inhibitor in patients having frequent flares and in those who are
difficult to treat using conventional therapies [5].
Canakinumab is currently the only IL-1 inhibitor that has been registered in Europe for the
treatment of gout. However, its high costs per treatment may discourage prescribers in
daily practice. An alternative might be the IL-1 receptor antagonist anakinra [12]. Although
anakinra has been applied in rheumatoid arthritis for many years, trials on its efficacy
and safety in acute gout are lacking, having only been investigated in case reports, a few
retrospective studies and a small open-label study

[13–29]

. Therefore, we evaluated the

efficacy and safety of anakinra for the treatment of acute gout flares, compared with
treatment as usual, in a randomized, controlled, non-inferiority (NI) trial.

METHODS
Study design and patient population
This randomized, double-blind, double-dummy, active comparator placebo-controlled
trial, was conducted at the rheumatology departments of seven hospitals in the
Netherlands, between 2016 and 2018. The study was approved by an Ethical Review
Board (METC Twente, Enschede, the Netherlands), the institutional review board or
ethics committee of each participating centre, and performed in accordance with the
principles outlined in the Declaration of Helsinki and Dutch legislation.
Eligible subjects were recruited and screened by the attending rheumatologist and
an instructed specialized rheumatology nurse at the outpatient clinics. All adult (≥18
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years) patients, with a diagnosis of an acute flare of gouty arthritis, confirmed by
microscopic identification of intracellular MSU crystals in the primary joint were eligible
for participation. The primary joint was defined as the joint that was most affected by
2

acute gouty arthritis, according to the rheumatologist. Patients with current use of urate
lowering therapy (ULT), as well as those experiencing only no to mild gout-related pain,
were not included. Other non-inclusion criteria included concurrent use of other IL-1
inhibitors; known history of allergy or sensitivity to latex; absolute contraindication for
all available types of ULT; absolute contraindication to anakinra (e.g. neutropenia and
severe renal impairment defined as a creatinine clearance rate < 30 ml/min); absolute
contraindication for all three conventional treatment options; presence of liver disease
that according to the treating rheumatologist precluded participation in the study; an
active or recurrent bacterial, fungal or viral infection; use of tumour necrosis factor
inhibitors; pregnancy or lactation; women who planned on becoming pregnant during
the study period, and insufficient command of the Dutch language. Following screening,
all patients were given a maximum of 24h to decide on participation in the study and to
provide written informed consent prior to randomization and study initiation at baseline.

Randomization, treatment and dosing
The attending rheumatologist, together with the patient, decided on the treatment as
usual (colchicine, naproxen or prednisone) that would suit the patient best. Subsequently,
patients were randomly allocated (1:1) to either a five-day treatment with anakinra
(subcutaneous injection 100mg once daily) plus oral placebo up to three times daily
(colchicine), two times daily (naproxen) or one time daily (prednisone); or to a treatment
with oral standard of care in line with the assigned standard treatment by the caregiver
(0.5mg up to three times daily for colchicine; 500mg up to twice daily for naproxen; 35mg
once daily for 5 days for prednisone) plus subcutaneous injection placebo once daily for
5 days. For treatment as usual, the dosages and duration were in line with national acute
gout treatment guidelines [4]. The placebo injections and placebo pills were identical
in appearance to the anakinra injections and treatment as usual pills, respectively.
Considering the short duration of anakinra treatment given to patients, no pre-study
screening for latent tuberculosis was done. The randomization allocation sequence list
was generated using a computer randomization application, based on atmospheric noise.
Patients, caregivers, local pharmacies, and trial investigators had no knowledge of the
allocation sequence during the entire course of the study. Study medication was stored
at the hospital pharmacy and released in sequential order to patients. Patients received
instructions on the use of study medication from a blinded study nurse, and the first
dosages of study medication, both oral pills and injection, were taken by patients under
supervision of a blinded study nurse during the baseline visit. During the first 7 days of
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the study, no prescription-based, rescue medication was available to patients, but the
use of over-the-counter pain-relieving agents (NSAIDs and aspirin) was allowed. Patients
also initiated ULT at baseline with allopurinol, febuxostat or benzbromarone, at the
2

discretion of the treating rheumatologist.

Study assessments
For this study, the OMERACT recommendations for acute gout were followed [30]. Starting
at baseline (day 1), patients were asked to fill in a gout flare diary for seven consecutive
days, wherein levels of pain (1 = none; 2 = mild; 3 = moderate; 4 = a lot; 5 = extreme),
tenderness (1 = none; 2 = slightly; 3 = fairly; 4 = very; 5 = extremely) and swelling
(1 = none; 2 = somewhat; 3 = fairly; 4 = very; 5 = extremely) of the primary joint were
recorded using five-point rating scales. Patients were also asked to report their level of
pain in the primary joint (0 = absolutely no pain, 10 = unbearable pain) and their global
assessment of overall wellbeing (0 = very bad, 10 = very good) on a 10-point numeric
rating scale (NRS), and their level of treatment response on an eight-point rating scale (1
= completely disappeared; 2 = very much improved; 3 = much improved; 4 = somewhat
improved; 5 = unchanged; 6 = slightly worse; 7 = much worse; 8 = very much worse).
Finally, experienced side-effects and the intake of any other painkillers and/or antiinflammatory medication were to be reported in the flare diary daily.
Physical examination, medical history and gout status were assessed at baseline, and
patients returned for a clinic visit at day 7. Laboratory measurements (serum uric acid,
c-reactive protein (CRP)) were performed at baseline and at day 7. Any (serious) adverse
events ((S)AE)) were reported and evaluated at day 7.

Study endpoints
The primary end point, i.e. ΔPain, was defined as the mean change in patient-reported
pain in the most affected joint, from baseline to the average of pain scores at days
2-4 on the five-point rating scale

[31,32]

. We reasoned a priori that anakinra could be a

useful treatment alternative for gout patients with contraindications to the standard
treatment options, even when not proven more effective than treatment as usual, if it
could be demonstrated that anakinra has an effect greater than the effect of imputed
placebo

[33]

; and that any potential inferiority of anakinra compared with treatment as

usual would not be clinically meaningful. Therefore, a NI design was adopted with a NI
margin of 0.4 points on the five-point rating scale. A difference of 0.4 points in favour of
treatment as usual is slightly more stringent compared with previous NI studies in gout
known to us, that have used 0.5 as a NI margin for ΔPain [31,34,35]. It is also more stringent
than other studies assessing change in pain as a primary outcome, for which 10% of the
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scale (e.g. 10mm on a 100-mm visual analogue scale (VAS)) is frequently used as an upper
limit of acceptable difference [36,37]. Moreover, in the only available study that allowed for
a placebo effect to be estimated for ΔPain, the difference between groups in ΔPain was
2

found to be at least 0.4 points in favour of NSAID compared with placebo (i.e. 95% CI
was 0.4-1.0) [32]. Therefore, assuming a placebo effect of similar magnitude, the effect of
anakinra in the current trial can be considered greater than imputed placebo when the
upper bound of the 95% CI for the ΔPain (anakinra-treatment as usual) does not exceed
0.4 points in favour of treatment as usual [32]. A priori power calculation showed that, if
there would be no difference in ΔPain between the groups, 87 patients per treatment
arm would need to be included to have an 80% chance of demonstrating NI with a
chance of a type 1 error of 5% or less.
Secondary outcomes included the improvement of primary joint pain (NRS scores),
tenderness, swelling, treatment response and patient global assessment (PGA) of
wellbeing across days 1-5. The number of patients achieving ≥ 50% decrease in NRS
pain scores following baseline on days 2-5 were also compared between treatment
arms. Other outcomes included the number and type of AE that occurred during the
first 7 days of the study, as well as the decrease in CRP levels after 7 days. Finally, use
of concomitant pain-relieving agents, both prescription-based and over the counter
medication, during days 1-7 were determined.

Statistical analysis
The primary study end point was assessed using an analysis of covariance (ANCOVA)
model, with treatment received as a fixed effect, and baseline pain scores measured
on the five-point rating scale as a covariate. Subsequently, we obtained a 95% CI for the
baseline pain adjusted marginal mean difference in ΔPain between the treatment groups.
We tested whether the upper bound of the CI of the numeric difference in changed
pain scores between anakinra and treatment as usual would not exceed the NI margin
of 0.4 in favour of treatment as usual (H0: ΔPainAnakinra - ΔPainTreatmentAsUsual > 0.4 vs. Ha:
ΔPainAnakinra - ΔPainTreatmentAsUsual ≤ 0.4). If this criterion was met in both the per-protocol
(PP) and intention-to-treat (ITT) populations, NI of anakinra compared with treatment
as usual would be concluded. The ITT analysis was performed on all patients who were
randomized to a treatment at baseline and received at least one dose of study medication.
The PP population contained patients who had no missing data for ≥ 1 of the assessments
needed for the primary outcome, and who did not take any interfering concomitant painrelieving medications during days 1-4 of the study. This included any prescription-based
pain-relieving medication (e.g. opioid formulations, intake of colchicine while the patient
was prescribed naproxen), but over the counter pain-relieving agents were allowed.

38

|

PART I

-

CHAPTER 2

Analysis of secondary endpoints were performed in the ITT population, using linear
mixed effects models, with time, treatment arm, and the interaction between time
and treatment arm as fixed effects. For each outcome analysed, the covariance matrix
was chosen that had the best fit according to the Bayesian information criterion. All
statistical tests were performed at the Bonferroni corrected 0.05 level. The difference
between treatment groups in achieving ≥ 50% decrease in NRS pain scores in the days
following baseline was assessed using binary logistic regression analysis.
For the analyses of the ITT population, plausible values for missing observations of the
seven-day flare diary and CRP values were generated using multiple imputation by
chained equations. Percentages of missing data were determined for variables needed
for the primary efficacy analyses. Data from the seven-day flare diary was used as
input for the imputation models, as well as treatment received, age, gender and logtransformed CRP values. Following the imputation process, the latter were transformed
back to normal CRP values. In total, 20 datasets were generated, and the observed
and imputed distributions were visually compared for similarity. Reporting guidelines for
handling analysis affected by missing data were followed [38].
Characteristics of the study population were summarized using means and standard
deviations, or median and first and third quartiles for continuous outcomes. Categorical
variables were summarized using frequency counts and percentages, and compared
using Pearson’s X2 statistics, as appropriate, for secondary outcomes. Other secondary
outcomes were compared using t-tests or a non-parametric equivalent, as appropriate.
P-values <0.05 were considered statistically significant. All analyses were done using
IBM statistics SPSS version 22. The Reporting of NI and Equivalence Randomized Trials
extension of the CONSORT 2010 statement was followed in reporting this study [39].

RESULTS
Patient characteristics
Eighty-eight patients were enrolled in the study, and all patients (100%) completed the
seven-day follow-up. Of these, 43 patients (48.9%) were randomized to a treatment with
anakinra and 45 (51.1%) to treatment as usual (Fig. 1). Patient baseline characteristics are
listed in Table 1. The majority of patients in both groups (>90%) were male and more
than half of the patients had monoarticular gout. Of the patients in the treatment as
usual arm, 18 received a treatment with colchicine, and 13 and 14 patients received a
treatment with naproxen and prednisone, respectively.
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Fig. 1 Flow diagram of patient selection
1

Intention-to-treat population, 2 Per-protocol population.

Table 1: Baseline demographic and clinical characteristics
Score range
of measure

Treatment as usuala Anakinra
(n=45)
(n=43)

Age, years, mean ± S.D.

-

59.9 ± 12.7

63.4 ± 12.9

Male sex

-

42 (93.3)

41 (95.3)

BMI, kg/m2 , mean ± S.D.

-

28.6 ± 4.0

29.5 ± 4.2

Systolic blood pressure, mm Hg, mean ± S.D.

0-999

141.5 ± 24.2

145.1 ± 21.6

Diastolic blood pressure mm Hg, mean ± S.D. 0-999

85.7 ± 14.6

84.8 ± 14.6

SUA, mmol/L, median (Q1, Q3)

0-9

0.52 (0.45, 0.64)

0.50 (0.42, 0.57)

CRP, mg/L, median (Q1, Q3)

0-999

14.0 (6.0, 30.5)

15.0 (5.5, 32.0)

Hypertension

-

17 (65)

10 (37)

Cardiovascular disease

-

11 (42)

18 (67)

Diabetes Mellitus

-

5 (19)

3 (11)

Comorbiditiesb

Renal disorders

-

1 (4)

4 (15)

Musculoskeletal diseasec

-

4 (15)

6 (22)

Monoarticular

-

30 (66.7)

23 (53.5)

Oligoarticular

-

11 (24.4)

17 (39.5)

Polyarticular

-

4 (8.9)

3 (7.0)

Gout classificationd

Data are presented as n (%) unless stated otherwise.

a

In the treatment as usual group, 18 patients received

colchicine, 13 naproxen and 14 prednisone. b Number and percentages based on available data from patients in
the anakinra arm (n = 27) and treatment as usual arm (n = 26). c Diseases other than gout. d Monoarticular implies
one joint has been affected by gout; oligoarticular > 1 but < 5 joints have been affected by gout; polyarticular ≥ 5
joints have been affected by gout. SUA: serum urate acid.
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Efficacy assessment
Pain scores measured on the five-point rating scale decreased to a similar extent in
both groups over days 1-4. For the PP population, results of the univariate ANCOVA for
the primary outcome showed that the estimated marginal mean difference between
treatment arms, -0.132 points on the five-point rating scale, was in favour of anakinra,
and that the upper bound of the 95% CI of this difference (-0.44, 0.18) did not surpass
the NI margin of 0.4 (Fig. 2). In the ITT population, plausible values for missing data of the
five-point rating scale pain scores at baseline, day 2, day 3, and day 4 post baseline were
generated for 12 (13.6%), 6 (6.8%), 3 (3.4%) and 5 (5.7%) cases, respectively. Here, the
primary analysis yielded similar results, with an estimated marginal mean difference of
-0.178 (95% CI -0.44, 0.08) (Fig. 2). Because in both of these analyses the upper bound
of the 95% CI did not surpass the 0.4 NI margin, the null hypothesis that treatment
with anakinra is less effective than treatment as usual for treating acute gout flares by
at least 0.4 points on the five-point rating scale, was rejected. We concluded that the
pain-relieving effect of anakinra in patients with gout was greater than the estimated
effect of placebo, and that efficacy of anakinra was non-inferior to treatment as usual.

Fig. 2 The 95% CI for the estimated marginal mean difference in ΔPain between the
treatment groups
ΔPain is the mean change in patient-reported pain from baseline to the average of pain scores at days 2-4 on the
five-point rating scale. NI: non-inferiority.

Secondary outcomes
For all the secondary outcomes assessed using the linear mixed effects model, the pattern
of change was similar for the anakinra and treatment as usual group over 5 days, with
significant improvements over time, but no significant between-group effects, or group-
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by-time interactions (Fig. 3; results for PGA not shown). These findings provide no evidence
for a differential effect on any outcome. For PGA, the mean ± standard error (S.E.) scores
increased from 4.4 ± 0.34 to 6.7 ± 0.31 in the conventional treatment arm, and from 4.9
2

± 0.38 to 7.31 ± 0.32 in the anakinra treatment group. After 2 days, more patients in the
anakinra treatment group achieved ≥ 50% decrease in NRS pain scores (odds ratio (OR)
1.41, 95% CI 0.53, 3.73) compared with the treatment as usual arm, although not statistically
significant. Also, on days 3-5, OR were in favour for anakinra. However, only on day 3 was
this difference statistically significant (Supplemental Material 1).

Fig. 3 Mean scores on days 1-5 (bars represent one-sided 95% CI) of the secondary outcomes
(panel A-D)

Both treatment groups showed a reduction in their CRP values after 7 days from baseline.
The mean ± SE reduction in the treatment as usual arm was 13.9 ± 7.1 after 7 days, which
was not significantly different to the reduction observed in the anakinra treatment arm of
11.1 ± 7.5.
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During the first 7 days following baseline, more patients in the anakinra group (n = 20,
46.5%) compared with the treatment as usual arm (n = 16, 35.6%), took some form of
pain-relieving medication, over the counter or prescription-based, aside from their study
medication. However, this difference was not statistically significant between the groups.

Safety assessment
Out of the 88 patients, 36 (40.9%) patients reported an AE during the first 7 days post
baseline, of which more than half (n = 21, 58.3%) were patients in the treatment as usual
arm (Table 2). Interestingly, three injection site reactions were reported in the treatment
as usual group with the placebo injections, compared with none in the anakinra treatment
group. One patient in the treatment as usual group reported to have viral gastroenteritis
(stomach flu), and one patient in the anakinra group had a respiratory tract infection
(severe cold). No SAE were reported during the 7 days following baseline.

Table 2: Number and percentage (%) of adverse events occurring per treatment arm during the 7
days following baseline.
Treatment as usual (N=45)

Anakinra (N=43)

Total number of SAEa reported

0 (0)

0 (0)

Number of cases having an AEb

21 (46.7)

15 (34.9)

Total number of AE reported

49 (57.0)

37 (43.0)

Type of AE reported

c

a

Musculoskeletal Pain

4 (8.2)

6 (16.2)

Musculoskeletal stiffness, swelling, spasms

4 (8.2)

5 (13.5)

Injection site reaction

3 (6.1)

0 (0.0)

Infectionsd

1 (2.0)

1 (2.7)

Vomiting

0 (0.0)

1 (2.7)

Diarrhea

9 (18.4)

3 (8.1)

Nausea

5 (10.2)

3 (8.1)

Other GI disorders

3 (6.1)

0 (0.0)

Headache

4 (8.2)

2 (5.4)

Dizziness

4 (8.2)

0 (0.0)

Fatigue

1 (2.0)

2 (5.4)

Pruritus (itchiness)

0 (0.0)

3 (8.1)

Paresthesia or tremor

1 (2.0)

2 (5.4)

Other AE

10 (20.4)

9 (24.3)

Defined as any medical occurrence or event that was life threatening at the time of event, resulted in death,

resulted in persistent or significant disability, led to hospitalization or prolongation of existing hospitalization,
led to a congenital anomaly or birth defect.

b

Given as percentage of total patients within group. c Given as

percentage of total number of AE reported within group. d Type of infection reported in the treatment as usual
group was gastroenteritis viral, and in the anakinra group a respiratory tract infection. SAE: serious adverse event;
AE: adverse event; GI: gastrointestinal.
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DISCUSSION
In this study we set out to determine the clinical efficacy and safety of anakinra for the
2

treatment of acute, crystal-proven, gout flares in a randomized, active-comparator, NI
trial. A daily subcutaneous injection of anakinra was compared with oral treatments
administered according to the standard of care, using optimal dosages as recommended
in gout guidelines. As far as we know, this is the first double-blind, randomized controlled
trial to evaluate the use of anakinra in an acute gouty arthritis population.
The results presented here show at least NI of anakinra compared with conventional
therapies for the treatment of acute gout flares, supported by the additional finding
that patients in both treatment arms achieved a significant reduction of their goutrelated symptoms over the course of one week. Additionally, evaluation of the reported
AE did not reveal any severe, uncommon or unexpected safety outcomes. These findings
suggest that anakinra might be a viable treatment option for gout flares.
To date, various non-randomized, uncontrolled, observational studies have reported on
the clinical efficacy of anakinra for treating gout, mostly reporting promising outcomes
on the numbers or percentages of patients who responded well to anakinra within
the first days of treatment [15,16,29,40–43,17,22–28]. However, the absence of a control group
in these studies hampers the interpretation of such results, as the observed improved
clinical status of patients might merely reflect the self-limiting natural course of acute
gout

[44]

. In our present study, anakinra was compared with treatment in accordance

with current gout management guidelines, using several anti-inflammatory agents with
previously established effectiveness in treating gout flares [5,45]. The results showed that
the efficacy of anakinra in treating gout flares was consistently numerically superior
to standard of care treatment across the primary and secondary study outcomes.
However, the direct comparison of anakinra with standard of care does not by itself
allow for conclusions about the effectiveness of either treatment in gout, as no placebo
arm was included. By relating the results to a NI margin that was estimated using the
imputed placebo method, our results indirectly support the efficacy of anakinra in gout.
However, this conclusion is based on the assumption that the relative effectiveness of
standard of care treatment compared with placebo would have been the same as the
relative effectiveness of NSAID compared with placebo that was observed in the study
used for estimating the NI margin [32,46,47].
Data from our study builds on previous clinical trials that have reported varying
efficacies of IL-1 inhibitors in gout patients. Terkeltaub et al. [32] reported on rilonacept,
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in which treatment with rilonacept plus NSAID did not significantly improve pain levels
compared with NSAID monotherapy, and rilonacept monotherapy was shown to be
inferior to NSAID monotherapy over a 72-h follow-up period. This difference in efficacy
compared with our study might be attributed to differences in study designs, but also
to pharmacokinetic differences between the IL-1 inhibiting drugs. The authors reflect
that rilonacept reaches its maximum plasma concentration after 48-72h, which could
potentially have led to insufficient drug concentrations during the period of the primary
outcome assessment. For anakinra, maximum plasma concentrations are reached within
3-7h. This rapid increase in drug plasma concentrations may explain why the results in
our study seem more promising 72 h after baseline, than those seen with rilonacept.
Canakinumab is currently the only IL-1 inhibitor for which effectiveness during an acute
gout exacerbation has been demonstrated in a randomized study
al.

[49]

[36,48]

. Schlesinger et

reported that a single subcutaneous injection of canakinumab 150mg was superior

to a single intramuscular injection of triamcinolone acetonide 40 mg, in relieving pain
after 72 h. The mean VAS (0-100 mm) pain score at that moment was 25mm for the
canakinumab arm. Although it is difficult to compare these outcomes with our results,
because of differences in study design and populations, results from our study reveal
similar pain scores after 72 h in the anakinra group on a 0-10 NRS (i.e. score = 2.4).
Considering the high costs of canakinumab treatment, anakinra therefore seems to be
a cost-effective alternative for gout patients seen in daily practice who are difficult to
treat with conventional therapies, in case they meet the local reimbursement criteria.
Importantly, anakinra could possibly allow a larger proportion of the difficult to treat gout
population to be treated with an IL-1 inhibitor, including patients having comorbidities
as diabetes mellitus, renal disorders or cardiovascular disease. In this respect it should
be noted that patients with severe renal impairment were excluded from participation
in our study. However, favourable outcomes have previously been described in a
retrospective case-series of 31 patients with either a renal transplantation or stage 4 or
stage 5 chronic kidney disease, that signs and symptoms of gout flares subsided after
admission of treatment with anakinra

[50]

. Moreover, a current ongoing feasibility study,

designed as a double-blind, double-dummy, randomized controlled trial, will contribute
to developing a definite clinical trial wherein the efficacy and tolerability of anakinra to
corticosteroids in patients with chronic kidney disease will be compared [20].
The multicentre, randomized, placebo-controlled, double-blinded nature of our study,
as well as the inclusion of only patients with MSU crystal-proven gout, the diagnostic
gold-standard, are strengths of our study. However, the present study was not without
limitations. First, the total number of patients included was lower than initially calculated
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in the power analyses for the primary efficacy analyses. However, in contrast to the a
priori power calculation that assumed no difference between the treatment arms in
ΔPain, we found a difference in favour of anakinra in both the PP and ITT analyses, with
2

on average 0.155 points on a five-point rating scale. Therefore, and having the other
assumptions remain constant, a smaller sample size would have sufficed to demonstrate
NI of anakinra compared with imputed placebo. Within the limitations of a small clinical
trial, relatively few data on the safety of anakinra in gout was obtained. However, the
long-term treatment experience of anakinra in rheumatoid arthritis already provides a
sound safety profile. Nevertheless, additional short-term safety data for anakinra in gout
is desired. Finally, the study was carried out in a hospital-based setting, possibly making
our results less generalizable to a primary care setting, in which other types of acute
gout patients may be treated.
In conclusion, in our study anakinra was shown to be non-inferior to registered treatment
as usual for the treatment of acute gout flares. Our results suggest that anakinra is an
effective treatment alternative for the treatment of acute gout flares.
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SUPPLEMENTAL MATERIAL
Supplemental material 1: Odds ratio (OR) on days 2-5 in reaching ≥ 50% decrease in
2

mean Numeric Rating Scale (NRS) pain scores.
Day

OR1

95% CI

P

2

1.41

0.53, 3.73

0.50

3

2.56

1.03, 6.37

0.04*

4

1.69

0.68, 4.18

0.26

5

1.19

0.43, 3.27

0.74

* significant difference p < 0.05. CI, confidence interval
1

Anakinra treatment arm (n=43) versus treatment as usual arm (n=45)
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Prognostic factors
associated with early gout flare
recurrence in patients initiating
urate-lowering therapy during
an acute gout flare
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Mart A.F.J. van de Laar
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ABSTRACT
Lowering serum urate levels below the threshold for crystal formation with uratelowering therapy (ULT) has been associated with a lower risk for gout flare reoccurrences.
However, gout patients on ULT still commonly suffer from recurring gout flares. The
purpose of this study was to explore prognostic factors associated with gout flare
recurrence within the first 3 months, in gout patients starting ULT during an acute gout
3

flare. Post-hoc analysis of trial data on acute gout patients randomized to either gout
flare standard of care or anakinra treatment were used, including baseline demographic,
laboratory, clinical, and patient-reported variables, as well as 3-month follow-up data
on gout flare recurrences. Only patients starting ULT at baseline were included. Using
variable selection based on clinical relevance, univariate, and multivariate binary logistic
regression analyses were done to examine predictors of gout flare reoccurrence. A total
of 75 patients were included in this study, of which 36 (48%) experienced a gout flare ≤ 3
months post baseline. The multivariate regression analysis revealed that CRP levels > 30
mg/L (OR 9.47) and lack of prophylaxis when starting ULT (OR 11.56) were independently
associated with gout flare recurrence. Similar results were found for the univariate
regression analyses. Our results show that CRP levels > 30 mg/L and lack of prophylaxis
when starting ULT were prognostic factors for early gout flare reoccurrence in patients
starting ULT during an acute gout flare.

Key Points.
-

Gout flare recurrences were common within the first 3 months after starting uratelowering therapy in gout patients.

-

Intake of prophylaxis when starting ULT had a strong protective effect on gout flare
recurrences.

-

C-reactive protein level > 30 mg/L was an additional prognostic factor for early (≤ 3
months) gout flare reoccurrence in patients starting ULT during an acute gout flare.
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INTRODUCTION
Lowering serum urate (SUA) levels below the threshold for monosodium urate crystal
formation to the recommended SUA target of < 0.36 mmol/L with urate-lowering
therapy (ULT) has been associated with reduced risk of gout flare recurrences and other
adverse outcomes [1,2]. Therefore, most current gout management guidelines recommend
to consider and discuss ULT with every patient, and to initiate ULT for patients with
frequent flares, arthropathy, renal impairment, or tophi [2,3]. Various guidelines agree
that ULT should be initiated early, possibly even upon presentation of an acute gout
attack [2–4].
However, research to date shows that even if ULT is instated, gout flare recurrences
are relatively common, particularly in the period immediately following initiation

[1,5,6]

.

Moreover, previous studies have shown that frequently recurrent gout (i.e., having
≥ 3 flares per year) is associated with work impairment and decreased health-related
quality of life

[7,8]

. While preventing recurrent gout flares is considered a priority for

improving gout outcomes, not much is currently known about prognostic factors that
place patients at increased risk for recurrent gout flares, especially in the period shortly
after initiating ULT

[6,9,10]

. In fact, no previous studies have been performed in patients

who initiate ULT during an acute gout flare [11–13].
Therefore, in the current study, we investigated the prognostic value of various
demographic, clinical or patient-reported factors for gout flare recurrence within the first
3 months following ULT initiation, in gout patients starting ULT during an acute gout flare.

METHODS
Data source & patient population
For this post-hoc analysis, we used data from a multicenter, double-blind, double-dummy,
randomized, non-inferiority clinical trial, in which the efficacy of anakinra versus standard
of care for the treatment of acute gout flares was studied among crystal-proven gout
patients recruited from seven rheumatology clinics in The Netherlands

[14]

. At baseline,

eligible patients with an acute gout flare were randomized to either treatment with
anakinra or standard of care, including colchicine, naproxen or prednisolon. In addition,
the study protocol stipulated that patients should be initiated on ULT. All patients in the
standard of care arm receiving treatment with naproxen or colchicine for their acute
gout flare, continued this treatment up for 90 days as flare prophylaxis when initiating
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ULT. Patients randomized to the standard of care arm and receiving prednisolon, and
patients who were randomized to the anakinra arm were provided with medication
for their acute gout flare only and were not given prophylaxis with this treatment
during initiation of ULT. This was because prophylaxis with corticosteroids or anakinra
is currently not recommended in gout guidelines [2]. Patients were followed up for 3
months. More details regarding the study are given elsewhere [14]. This study was approved
by a local independent ethics committee and by the institutional review board of each
3

participating center, and was performed in accordance with the declaration of Helsinki
and Good Clinical Practice guidelines. All patients provided written informed consent.
For the present study, we excluded patients from the original study who did not initiate
ULT at baseline or were lost to follow-up.

Reporting gout flares
During the 3-month follow-up, patients were instructed to contact their treating
rheumatologist or rheumatology nurse when they believed they were experiencing a new
gout flare. Evaluator confirmed flares were subsequently documented in the electronic
case-report form. Gout flare medication was provided to patients at the discretion of
the treating rheumatologist. Beside the evaluator confirmed flares, patients themselves
could also report gout flares in their electronic case report form.

Statistical analysis
For all included patients, baseline characteristics were summarized using mean and
standard deviations, number and percentages, or the median and first and third quartile
(Q1, Q3), depending on the distribution of the variables. For all statistical analyses, the
statistical package SPSS version 22 was used for Windows.
To determine if an association exists between baseline characteristics and the occurrence
of a gout flare within the first 3 months following initiation of ULT, a multivariate binary
logistic regression model was developed. Potential predictors of flare recurrence were
selected from the baseline data, based on their potential clinical relevance, including
the levels of patient-reported pain (measured on a 5-point rating scale), body mass
index (BMI), sex, levels of c-reactive protein (CRP) and serum urate (SUA), age, type
of gout (intermittent or chronic gout), and receiving prophylaxis during ULT initiation.
All potential variables were dichotomized using receiver operating characteristic (ROC)
curves with the Youden Index to determine optimal cutoff points.
Preceding the dichotomization of variables and the regression analysis, missing values
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for the potential predictors (pain 16.0%, BMI 1.3%, CRP 6.7%, SUA 8.0%) were replaced
by plausible values according to the Multiple Imputation by predictive mean matching
method, based on the assumption that the data were missing at random. All baseline
variables, as well as ULT type and occurrence of a flare within 3 months post baseline,
were used as input for the imputation model [15]. Ten imputed datasets were generated.
Both a weighted univariate and multivariate binary logistic regression analysis was
performed with all the potential predictors. The multivariate regression model was
done using conditional backward elimination, with p > 0.10 as the cutoff probability of
stepwise removal of variables. As backward elimination on the ten imputed datasets
might cause differences in selection of variables for the final multivariate model in
each dataset, one analysis was performed in which the ten generated datasets with
multiply imputed data were stacked. In that analysis, individual cases were weighted
by 0.10 (1/number of datasets of imputation) to correct the standard errors for the
artificial inflation of the sample size

[16]

. The goodness of fit for the model was tested

using the Hosmer and Lemeshow test. The model’s ability to discriminate between gout
flare occurrence (yes/no) was examined by determining the area under the ROC curve,
whereby an area between 0.70 and < 0.80 indicated adequate discriminative ability, and
between 0.80 and < 0.90 excellent discriminative ability [17]. For the covariates remaining
in the final model at the last step, odds ratios (OR) including corresponding p values and
95% confidence intervals (95% CI) were calculated.

RESULTS
Patient selection & baseline characteristics
Of the original 88 included patients, two patients never initiated ULT during the study,
eight patients failed to initiate ULT at baseline, and three patients were lost to follow-up,
leaving a total of 75 eligible patients who were included in the present analysis. Patient
characteristics are provided in Table 1.
The majority of patients (n = 71, 94.7%) initiated ULT with allopurinol, of which 55 (77.5%)
had a starting dose of 100 mg, 13 (18.3%) a starting dose of 300 mg, and one (1.4%) and
two (2.8%) patients a starting dose of 50 mg and 150 mg, respectively. Benzbromarone
was given as the initial ULT in two patients (2.7%) at a starting dose of 50 mg, while
febuxostat was given to two patients (2.7%) of which one patient initiated at a dose of
40 mg and another patient at a dose of 80 mg.
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Of the total 75 patients included in this analysis, 34 (45.3%) received treatment with
anakinra at baseline, and 41 (55%) with standard of care, of which 14 (18.7%) with
prednisolon, 16 (21.3%) with colchicine, and 11 (14.7%) with naproxen, according to the
original study protocol.
Table 1: Baseline patient characteristics

3

Characteristic

Total group (N=75)

Age, years, mean ± SD

61.0 ± 12.5

Male sex, n (%)

73 (97.3)

BMI, kg/m , mean ± SD (N=74)

29.5 ± 3.9

SUA, mmol/L, mean ± SD (N=69)

0.50 ± 0.11

2

CRP, mg/L, median (Q1, Q3) (N=70)

14.0 (5.0, 29.5)

Intermittent gout, n (%)a

59 (78.7)

Painb, mean ± SD (N=63)

3.5 ± 0.80

Received prophylaxis, n (%)

27 (36)

SD, standard deviation; BMI, body mass index; SUA, serum urate; CRP, C-reactive protein.
a

compared to patients having chronic gout. b measured on a 5-point rating scale: 1=none, 2=mild, 3=moderate,

4= a lot, 5=extreme.

Gout flare recurrence
In total, 36 (48%) patients experienced a gout flare, including both evaluator confirmed
and patient-reported flares, within the first 3 months after ULT initiation, with a mean
(SD) and median (Q1, Q3) time to the first reported gout flare event of 34.9 (31.8) days and
21.0 (12.5, 41.8) days, respectively. Overall, the mean (SD) number of flares per patient
was 0.67 (0.81) flares. Of the patients that experienced a gout flare, 24 (66.7%) had one
flare, 10 (27.8%) patients had two flares, and two (5.6%) patients had three gout flares.
The mean (SD) number of flares among the patients having gout flares was 1.39 (0.60).
The highest proportion of patients experiencing a gout flare recurrence received
treatment with anakinra (n = 23, 63.9%), followed by prednisolon (n = 8, 22.2%), naproxen
(n = 3, 8.3%), and colchicine (n = 2, 5.6%). Interestingly, the first two groups did not
receive prophylaxis when starting ULT, while the latter two groups were provided with
prophylaxis.

Predictors of flare recurrence
For all the baseline predictors included in the multivariate regression model, the results
of the univariate binary logistic regressions are presented in Table 2.
Results of the multivariate regression analysis showed that the two baseline covariates
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CRP level and prophylaxis, remained in the model and were independently predictive of
gout flare recurrence (p ≤ 0.10) (Table 3). The odds for gout flare recurrence were 9.47
times higher for patients with CRP levels above 30 mg/L compared to patients with CRP
levels at or below this value at baseline. In addition, intake of prophylaxis had a strong
protective effect (OR, 0.09). The overall goodness to fit of the multivariate model was
acceptable (X2 (7) = 2.44; p = 0.296), and the area under the ROC curve was high, 0.78,
implying the model had adequate discriminative ability.
3
Table 2: Univariate binary logistic regression analysis of baseline covariates, associated with the
occurrence of reported gout flare events ≤ 3 months post baseline
Baseline variable

Flare occurrence, N (%)a Binary logistic regression
Yes

No

OR

95% CI (lower, upper) p

>3

22 (56.4)

17 (43.6)

2.13

0.84, 5.35

0.11

≤3

14 (38.9)

22 (61.1)

-

-

-

> 27 kg/m2

28 (50.0)

28 (50.0)

1.38

0.48, 3.93

0.55

≤ 27 kg/m2

8 (42.1)

11 (57.9)

-

-

-

> 30 mg/L

15 (78.9)

4 (21.1)

5.90

1.72, 20.2

0.01

≤ 30 mg/L

22 (38.6)

35 (61.4)

-

-

-

> 0.39 mmol/L

33 (50.8)

32 (49.2)

2.03

0.50, 8.13

0.32

≤ 0.39 mmol/L

3 (30.0)

7 (70.0)

-

-

-

> 60 years

25 (61.0)

16 (39.0)

3.27

1.26, 8.48

0.02

≤ 60 years

11 (32.4)

23 (67.6)

-

-

-

Chronic gout

8 (50.0)

8 (50.0)

1.11

0.37, 3.34

0.86

Intermittent gout

28 (47.5)

31 (52.5)

-

-

-

No

31 (64.6)

17 (35.4)

8.02

2.57, 25.0

0.00

Yes

5 (18.5)

22 (81.5)

-

-

-

Female

1 (50.0)

1 (50.0)

1.09

0.07, 18.0

0.95

Male

35 (47.9)

38 (52.1)

-

-

-

Pain

b

BMI

CRP

SUA

Age

Type of gout

Baseline prophylaxis

Sex

a

Percentages are presented as within group percentages, sum of percentages within group are equal to 100.

b

Measured on a 5-point rating scale (1=none; 2=mild; 3=moderate; 4=a lot; 5=extreme). OR, odds ratio; CI,

confidence interval; BMI, body mass index; CRP, C-reactive protein; SUA, serum urate.
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Table 3: Multivariate regression model of baseline covariates, associated with the occurrence of
reported gout flare events ≤ 3 months post baseline.
Baseline variable

OR

95% CI

p

CRP > 30 mg/L

9.47

2.06 – 43.51

< 0.01

No prophylaxis

11.56

2.96 – 45.11

< 0.00

Nagelkerke R2 = 0.40. OR, odds ratio; CI, confidence interval; CRP, C-reactive protein.

3

DISCUSSION
Our study showed that approximately half of the patients (48%) had at least one gout
flare recurrence in the first 3 months following ULT initiation during an acute gout flare.
Various studies that have previously reported on flare rates, show similar, or higher,
percentages of gout patients having flares when on ULT, although differences in study
designs and patient populations make comparison difficult [1,6,11,12,18,19]. Overall, our findings
add to the already existing literature reporting on the unfavorable occurrence of gout
flares when on ULT.
Furthermore, our results showed that receiving prophylaxis at the moment of ULT
initiation strongly protected against gout flare reoccurrence, which further substantiates
the importance of prophylaxis when initiating ULT, as is currently recommended by gout
management guidelines

[2]

. The subpopulation of patients that received prophylaxis in

our study were provided prophylaxis for 3 months with colchicine or the non-steroidal
anti-inflammatory drug (NSAID) naproxen. This was because we were interested in
determining the prognostic value of prophylaxis in preventing gout flares shortly after
starting ULT since gout flares are common during this period [1]. We must note, however,
that in contemporary gout guidelines prophylaxis with these agents is recommended
for the first 6 months when starting ULT [2]. This is supported by data showing that gout
flare prevention was more beneficial with intake of 6 months prophylaxis compared to 8
weeks, without the occurrence of more adverse reactions [9]. Future studies would need
to evaluate the differences in gout flare risk, but also adverse reactions, between 3
months prophylactic treatment, as applied in this study, compared to the recommended
6 months. Moreover, prophylaxis with agents other than colchicine or NSAIDs may need
consideration in the future as well, for example, with interleukin-1 (IL-1) inhibitors.
Namely, it has been shown in previous studies that the IL-1 inhibitors canakinumab and
rilonacept have prophylactic potency in preventing gout flares

[19–23]

. In the study by

Schlesinger et al. 2011, prophylaxis with single doses of canakinumab ≥ 50 mg or four
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4-weekly doses (50 mg, 50 mg, 25 mg, 25 mg) provided a greater relief in gout flare
recurrences compared to daily colchicine 0.5 mg given for 16 weeks in gout patients
starting ULT with allopurinol [20]. In this study, less patients experienced at least one gout
flare in the study period when treated with canakinumab (15–18.5%) versus colchicine
(44%). The various studies done on rilonacept (once weekly subcutaneous injection of
80 or 160 mg) also revealed that it was more beneficial in reducing the frequency of gout
flare recurrences compared to placebo when on ULT. Here, the proportion of patients
experiencing at least one gout flare in 16 weeks ranged from 16 to 26% for rilonacept
and 47 to 56% for placebo

[19,21–23]

. Prophylactic treatment with IL-1 inhibitors may in

particular be of relevance in those gout patients who cannot be treated with colchicine
or NSAIDs.
Moreover, CRP levels above 30 mg/L were independently predictive of gout flare
recurrence. To our knowledge, limited research is currently available on the possible
relationship between CRP levels and developing recurrent gout flares. In previous
studies, increased systemic inflammation, including elevated markers as CRP, has been
associated with elevated SUA levels and with cardiovascular diseases [24–28]. Therefore, the
potential role of CRP in predicting gout flares, and the nature of this possible association,
including such underlying factors (e.g., SUA level, presence of comorbidities), may need
to be explored in future studies, particularly in other gout populations.
Previous long-term (≥ 1 year) retrospective studies have shown an association between
increased SUA levels and an increased risk for gout flare occurrence [1,11,12,18,29].
Contrarily, results of our study did not reveal such an association and SUA levels to
be prognostic for the reoccurrence of a gout flare in the short-term (≤ 3 months).
Although the reason for this observation cannot be determined from our study, it
might be attributed to the fact that the study population was rather homogenous,
consisting primarily of patients having a baseline SUA level (mean = 0.50 mmol/L) well
above the recommended SUA target value of 0.36 mmol/L. Notably, previous studies
that have applied the SUA value of 0.36 mmol/L as the cutoff value for dichotomization
in regression models found an association between SUA level and gout flares, whereas
in the present study we used a SUA dichotomization value of 0.39 mmol/L and found no
association [1,11,12,18].
The various clinical and patient-related baseline characteristics considered as potential
prognostic factors, as well as the use of data in patients with crystal-proven gout are
strengths of this study. However, this study also has some limitations. First, potential
predictors such as the presence of comorbidities, medication usage, and diet (e.g.,

PROGNOSTIC FACTORS ASSOCIATED WITH EARLY GOUT FLARE RECURRENCE

|

61

3

purine-rich foods) were not available for this study, although these have been suggested
to be relevant with regard to gout flare reoccurrence

[30–32]

. This includes the effect of

different types of ULT on gout flare risk, which we were not able to include as a predictor
in the model due to the variety of ULT and starting doses that were applied, leading to
a small number of subjects receiving each ULT. Also, patients’ actual adherence to their
ULT medication during the course of the study was not measured. Moreover, our study
population was limited to patients treated at rheumatology centers, and our results
3

should therefore be confirmed in studies in different populations. Another limitation of
this study is that the recently validated definition of gout flares for use in gout clinical
research was not used in this study, but gout flares reported by patients and evaluators
were used

[33]

. Finally, as we studied predictors of gout flare recurrence in patients

initiating ULT during an acute gout episode, the generalizability of our results to gout
patients not on ULT, and starting ULT prior to or following a gout flare, is limited.
In conclusion, we demonstrated that CRP levels > 30 mg/L and lack of prophylaxis were
independent, prognostic factors for early (≤ 3 months) gout flare reoccurrence in gout
patients initiating ULT during an acute gout flare.
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ABSTRACT
The current paper aimed to describe the quality of care for gout patients by showing
the clinical outcomes achieved in two patient cohorts in which differing targeted urate
lowering therapy (ULT) treatment approaches were employed, both aiming to reach
the European League Against Rheumatism recommended serum urate (SUA) targets. A
retrospective medical chart review study was conducted. Data from the medical records
of gout patients from two clinical centers in The Netherlands, both applying targeted
ULT treatments (albeit using different approaches), were reviewed. Patients in cohort
A were given a combination of xanthine oxidase inhibitors with uricosurics if treatment
with allopurinol monotherapy failed to reach SUA target levels, whereas patients in
cohort B were treated with sequential monotherapy. Data on patient characteristics
4

and clinical outcomes were collected. A total of 177 patient dossiers were included: 99
from cohort A and 78 from cohort B. The great majority (n = 146, 82.5%) of the patients
in both cohorts had a current SUA level <360 µmol/L. In addition, more than half (n
= 104, 58.8%) of the patients met the stringent SUA target level of <300 µmol/L. The
largest reductions in mean SUA levels were observed for patients who were treated with
combination therapy. This clinical audit of two cohorts of gout patients provides initial—
yet promising—results regarding the proportion of real-world gout patients in whom
recommended SUA target levels can be achieved, and demonstrates the added value
that a targeted treatment approach may have in reaching these goals.
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INTRODUCTION
Gout is one of the most common rheumatic diseases, with a particularly high prevalence
in developed countries, where a growing percentage of the population is suffering from
obesity and other gout-related comorbid conditions [1]. Various reports have shown the
prevalence of gout to be increasing over time, which is frequently attributed to changing
lifestyles, the increasing longevity of the population, and the accumulation of gout risk
factors in older age [1–3]. Gout is a crystal-induced arthritis that may develop when serum
uric acid levels surpass the saturation point for monosodium urate. Typically, gout initially
presents as intermittent episodes of inflammation at the first metatarsophalangeal joint,
recognized for causing moderate to severe pain, erythema, and joint swelling

[4]

. If left

untreated, a chronic course may develop, characterized by persistent inflammation and
visible urate deposits (referred to as tophi), potentially causing bone erosion, irreversible
joint damage, and significant disability [5].
The progression or recurrence of disease may be prevented with urate lowering therapy
(ULT) that aims to reduce and maintain serum urate (SUA) levels below the saturation
point for monosodium urate

[6–8]

. Although strategies for treating hyperuricemia have

proven to be efficacious in clinical trials, the quality of care and management of gout in
clinical practice are rarely reported and evidently remain suboptimal as gout patients
are reportedly still often misdiagnosed and undertreated

[9,10]

. In 2006, the European

League Against Rheumatism (EULAR) convened a task force to address these challenges
by publishing management guidelines [6,11]. Recently, these guidelines have been updated
to incorporate new developments in the understanding of gout pathophysiology and the
availability of novel therapeutic options [12].
Following recommendations for other rheumatic and non-rheumatic conditions, in which
treating to a therapeutic target is becoming the standard of care, the 2006 and the
updated guidelines for the management of gout recommend lowering and maintaining
the SUA <6 mg/dL (360 µmol/L) for all patients on ULT [6,12]. For patients with severe gout,
a target of <5 mg/dL (300 µmol/L) is recommended. However, evidence supporting the
added value and feasibility of applying a treat-to-target (T2T) approach in normalizing
SUA levels in gout patients remains largely absent and these recommendations are,
therefore, currently based on expert opinion alone [13].
In this paper, we describe the quality of care in gout by showing the clinical outcomes
achieved in two Dutch patient cohorts in which different targeted treatment approaches
were employed; however, both aim to reach the EULAR-recommended SUA targets.
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METHODS
Study sites and patients
A retrospective medical chart review study was conducted among patients suffering
from gout, being treated at the rheumatology departments of two rheumatology clinics
in The Netherlands, with both clinics using targeted ULT treatment approaches. At the
first clinic, the medical records of patients with a clinical diagnosis of gout being followed
up for their gout at the outpatient department rheumatology, while using ULT in the
maintenance phase (3 months or longer), were included and are referred to as cohort
A. At the time of inclusion, none of these patients had pre-terminal renal insufficiency
(<10 ml/min) or were under treatment for gout flares with colchicine, prednisolone, or
nonsteroidal anti-inflammatory drugs. At the second clinic, the medical records of all
4

patients with a clinical diagnosis of gout were included and are referred to as cohort B.
No exclusion criteria were employed. For both cohorts, patient monitoring visits, along
with laboratory measurements, had been carried out to meet local standard of care
procedures and patient needs.
In cohort A, a ULT-targeted treatment approach was employed allowing combination of
xanthine oxidation inhibitors with uricosurics if treatment with allopurinol monotherapy
failed to reach the SUA target of <360 µmol/L and ideally <300 µmol/L provided that
the patient’s kidney and liver functions, as well as medication tolerance posed no
restrictions. In cohort B, a sequential monotherapy approach was followed that aimed
for an SUA level <360 µmol/L. In both cohorts, therapy selection, dosages, and switches
were made at the discretion of the attending rheumatologist based upon the clinical and
biochemical status of the patient and patient experiences.
Data from the patient dossiers were gathered during the period of September to
October 2016 and we aimed to retrieve data from approximately 100 consecutive gout
patient dossiers from each clinic. Given the nature of the study, and in accordance with
the relevant Dutch laws, no approval by the ethical review board was required.

Data collection and analyses
Data collected from the electronic patient dossiers included patient characteristics
(i.e., age, sex, weight, and length), treatment followed, and treatment dosages. Blood
measurements were collected, including serum creatinine levels and SUA levels. The
latter consisted of two SUA measurements: the maximum SUA level, representing the
highest SUA level ever measured in the past, and the current SUA level at the time of
data retrieval.
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All analyses were performed using SPSS, version 22. Categorical variables were
summarized using percentages and compared between groups using Chi-square
statistics. Continuous variables were summarized using the mean and standard deviation
and compared using Welch’s or paired samples t tests, as appropriate. A significance
level of α = 0.05 was maintained for all analyses. No corrections were applied for multiple
comparisons.

RESULTS
Patients’ characteristics
In total, 177 patient dossiers were included in the study, of which 99 were from cohort
A and 78 from cohort B. In cohort A, all patients and, in cohort B, 62 patients (79%)
had crystal-proven gout. No significant differences were observed between the patient
groups for age, gender, or body mass index (BMI). In both cohorts, the majority of patients
(>80%) were male with a mean (SD) age of 67 (12) and 68 (12) years for cohorts A and B,
respectively. Patients in cohort A had a mean (SD) BMI of 30 (5) and in cohort B 30 (6).
The mean (SD) serum creatinine in cohort A was 123 (58) µmol/L, which was significantly
higher than that of cohort B, namely, 101 (37) µmol/L. The mean (SD) maximum SUA level
was significantly higher in patients in cohort A at 588 (115) µmol/L than in cohort B at
545 (74) µmol/L, while for the mean (SD) current SUA level, no significant difference was
found between cohorts A and B, at 282 (89) µmol/L and 300 (77) µmol/L, respectively.

Meeting the SUA targets
At the time of the study, 146 out of the 177 patients (82.5%) had a current SUA below the
SUA target of 360 µmol/L. More than half of the total sample (n = 104, 58.8%) also had a
current SUA below the more stringent target of 300 µmol/L. In cohort B, 74.0% (n = 57)
of the patients had a current SUA below 360 µmol/L when being treated with allopurinol
monotherapy at the time of the study. In cohort A, this was 45.5% (n = 45). With the
use of second-line ULT treatment options, a large proportion of the patients in each
independent cohort were able to meet the <360 µmol/L SUA target, with 80 patients
(80.8%) in cohort A showing a current SUA below the SUA target and 66 patients (85.7%)
in cohort B (Fig. 1). The stringent target of <300 µmol/L was met by 44 patients (57.1%)
in cohort B and in 60 patients (60.6%) in cohort A.
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Fig. 1 Percentage (%) of gout patients in each cohort meeting the EULAR-recommended serum
urate (SUA) target levels of <360 and <300 µmol/L at the time of the study with use of allopurinol
monotherapy and second-line treatment options. Febuxostat monotherapy, benzbromarone
monotherapy, and combination therapy are together defined as second-line treatment options.
1

Combination therapy was only applied in cohort A

Descriptive results per ULT treatment option
Medication use
Table 1 summarizes the ULT medication use at the time of the study, stratified by cohort.
In general, patients were treated more aggressively in cohort A. Allopurinol, febuxostat,
and benzbromarone monotherapy were all given at higher mean (SD) dosages (milligram)
to cohort A [373 (169); 80 (15); 75 (29), respectively] than to cohort B [302 (116); 53 (21);
60 (22)].
SUA levels
The second part of Table 1 summarizes the mean (SD) SUA maximum and SUA current per
ULT treatment group, along with the percentages of patients within each group achieving
SUA target levels. The subpopulations of patients treated with second-line monotherapy
(including both febuxostat and benzbromarone monotherapy) or combination therapy
had a significantly higher mean (SD) maximum SUA compared with patients treated with
allopurinol monotherapy at the time of the study, 591 (99) µmol/L, 658 (150) µmol/L,
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and 549 (82) µmol/L, respectively. Patients treated with combination therapies also
achieved a substantially greater mean (SD) decrease in SUA levels compared to other
patient treatment groups [432 (152) µmol/L versus 294 (115) µmol/L for second-line
monotherapy and 248 (106) µmol/L for allopurinol monotherapy].

Table 1: Total number (N) and percentage (%) of gout patients in cohort A and cohort B receiving
urate lowering therapy (ULT) grouped per ULT type, including the maximum and current mean
serum urate (SUA) levels and SUA targets met within each ULT treatment group.
Type of ULT treatment

N (%a)

Mean (SD)
SUA µmol/L
maximum

Mean (SD)
SUA µmol/L
current

SUA <360
µmol/L,
N (%)

SUA <300
µmol/L,
N (%)

Cohort A
Allopurinol monotherapy

58 (58.6) 558 (94)

300 (86)

45 (77.6)

31 (53.4)

Febuxostat monotherapy

16 (16.2)

598 (99)

277 (85)

14 (87.5)

11 (68.8)

Benzbromarone monotherapy

4 (4.0)

608 (131)

330 (65)

2 (50.0)

1 (25.0)

Allopurinol/Benzbromarone
combination therapyb

15 (15.2)

612 (120)

213 (82)

14 (93.3)

13 (86.7)

Febuxostat/Benzbromarone
combination therapyb

6 (6.1)

793 (163)

255 (91)

5 (83.3)

4 (66.7)

66 (84.6) 540 (70)

296 (70)

57 (86.4)

39 (59.1)

4

Cohort B
Allopurinol monotherapy
Febuxostat monotherapy

6 (7.7)

592 (111)

380 (90)

4 (66.7)

1 (16.7)

Benzbromarone monotherapy

5 (6.4)

554 (81)

234 (58)

5 (100.0)

4 (80.0)

No ULT

1 (1.3)

NA

NA

NA

NA

Total sample size of cohort A = 99 patients and cohort B = 78 patients
ULT: urate lowering therapy; NA: not applicable; SD: standard deviation; SUA: serum urate
a

Sum of percentages within each cohort is equal to 100.

b

Combination therapy was only given in cohort A.

DISCUSSION
In this paper, we report the result of a clinical audit on the quality of care in gout using
a retrospective chart review study in two independent cohorts in which gout patients
were treated according to different ULT approaches, both aiming to achieve SUA target
levels as recommended in the updated EULAR gout guidelines. The results presented
here illustrate the SUA levels and clinical outcomes that may be reached in everyday
clinical practice using currently available ULT and a targeted treatment approach. An
analysis of our quality of care (the combination of prescribed treatment, instructing, and
monitoring of gout patients) is of importance to get a sense of where opportunities may
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lie for further improvement.
Based on our data, we postulate that achieving EULAR-recommended SUA levels seems
to be a realistic goal in clinical practice for gout patients, using currently available ULT,
patient education, and monitoring of SUA-targeted treatment. The great majority
(82.5%) of the gout patients in the studied cohorts had a current SUA <360 µmol/L. This
is in contrast to other studies in which much lower proportions of patients were able
to meet SUA levels <360 µmol/L, ranging from 21 to 77%

[14–19]

. In those studies, failure

to reach SUA targets was seen as multifactorial, but mainly attributed to inadequate
dose titration of ULT according to SUA measurements, as well as to infrequent patient
monitoring and treatment incompliance. In our study, patient monitoring visits had been
made according to daily routine practice and patient needs, in principle, allowing for
4

ULT dosages and treatments to be adjusted according to SUA measurements, which
might explain the higher percentages of patients meeting SUA targets in our study.
Since both data on the frequency of patient monitoring visits and patient follow-up data
were beyond the scope of this clinical audit, the extent to which dose and medication
adjustments were actually steered in response to patients’ current SUA levels could not
be assessed. Moreover, between the rather similar cohorts, significant variation existed
among the percentages of patients treated with allopurinol monotherapy and having
a current SUA below 360 µmol/L. This could have occurred, because a more stringent
target of <300 µmol/L was striven for in some patients in cohort A. However, physiciandependent or unobserved patient-related factors might also have contributed to
changes in treatment options or dosage adjustments. Nonetheless, our study shows that
most patients can achieve SUA target levels if medication is titrated to reach predefined
SUA targets, providing a proof-of-concept of the feasibility of a T2T approach in gout.
In a T2T approach, patients typically follow a therapeutic process in which failing
to respond to a treatment option leads to switching to other, perhaps more costly,
treatment options to achieve prespecified SUA target values. In the current study,
31 gout patients (17.5%) failed to have a current SUA below 360 µmol/L of whom
eight patients (4.5%) were already using the second-line options of monotherapy or
combination therapy. Therefore, these patients could benefit from alternative therapy
choices. One such treatment for patients with severe debilitating, chronic tophaceous
gout, who have exhausted other treatment options, is pegloticase. Other therapies, such
as the uricosuric lesinurad, might also become available for this patient group in the
near future. The added value for the quality of care of gout patients of novel treatment
options should be assessed in future real-life studies.
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There are a few limitations to this study. First, only gout patients undergoing follow-up
at rheumatology departments were included in this study, probably leading to a sample
of patients with severe or complex gout. Since in The Netherlands, the majority of gout
patients are treated by their general practitioner, future studies in primary care settings
seem warranted. Second, data relating to patient-reported outcomes, other gout
outcomes (e.g. number of flares), treatment costs, and drug safety were not available
for this study. Although previous studies have demonstrated considerable correlation
between SUA and many of these, future prospective and clinical studies should include
such outcome domains to better characterize potential differences between treatment
strategies

[5,19,20]

. Strengths of the current study are the use of real-life data and the

employment of few exclusion criteria, therefore, reflecting the experience of gout
patients seen in daily clinical practice.
4

In summary, the findings of this study provide an initial proof-of-concept of the
favorable outcomes in terms of the percentage of real-world gout patients for whom
recommended SUA target levels can be achieved when using ULT, and the added value
a targeted treatment approach may have in reaching these goals. To evaluate potential
differences between treatment strategies regarding efficacy, safety, costs, patientreported outcomes, and the impact on society, prospective, pragmatic studies are
needed to further investigate the T2T principle of SUA levels in gout patients.
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ABSTRACT
Urate-lowering therapy (ULT) is a recommended life-long treatment for gout patients.
However, despite these recommendations, recurrent gout attacks are commonly
observed in clinical practice. The purpose of this study was to assess the levels of
compliance and persistence to ULT in The Netherlands, in order to reflect on the
current gout care delivered by health professionals. Anonymous prescription records
were obtained from IQVIA’s Dutch retrospective longitudinal prescription database,
containing ULT dispensing data for allopurinol, febuxostat, and benzbromarone from
November 2013 to July 2017. Compliance to ULT was determined by calculating the
proportion of days covered (PDC) over 12 months. Persistence over 12 months was
evaluated by determining the time to discontinuation, without surpassing a refill gap
of > 30 days. Association of PDC and persistence with age, gender, and first prescriber
were examined using beta regression- and cox-regression models, respectively. There
were 45,654 patients who met the inclusion criteria. Overall, 51.7% of the patients had
a ULT coverage of ≥ 80% of the days in 1 year (PDC ≥ 0.80), and 42.7% of the patients
5

were still persistent after 1 year. Men, older patients, and patients whose first prescriber
was a rheumatologist were more persistent and had a higher PDC. Our results show
that medication adherence to ULT after 1 year is suboptimal, considering that current
guidelines recommend ULT as a life-long treatment. Future studies addressing the
reasons for treatment cessation and improving treatment adherence seem warranted.
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INTRODUCTION
Gout, which has become increasingly prevalent over the last decades, is currently one
of the most common forms of inflammatory arthritis

[1,2]

. Acute gout flares result from

prolonged hyperuricemia, which may lead to the formation and deposition of monosodium urate crystals in and around the joints, triggering an inflammatory response.
Gout is associated with pain, swelling, tenderness, and erythema and may lead to
physical disability and reduced quality of life [3,4].
One of the major goals of gout management is lowering and managing serum urate
levels by using urate-lowering therapy (ULT) to prevent gout attacks. Current guidelines
recommend initiating ULT in patients with recurring gout flares and tophi, and to
consider initiating ULT in all patients upon definite diagnosis of gout [5]. However, despite
these recommendations and the availability of effective ULT, recurrent attacks of gouty
arthritis are commonly observed in clinical practice

[6]

. These may result from both the

lack of ULT initiation in gout patients by health professionals, but also poor medication
adherence (or compliance) by patients [7–9].

5

A recent systematic review and meta-analysis by Scheepers et al. 2017 shows a large
variation in adherence to ULT across studies, with 12-month adherence rates ranging
from 3 to 78%, and non-persistence rates ranging from 54 to 87% after 1 year, in
prescription and claims-based studies [10]. This could partly be explained by the fact that
many of these studies were performed using data collected in health care administrative
databases that apply to specific subpopulations of gout patients, for example, databases
restricted to specific insurance types, or healthcare settings. Moreover, their results
show that only three previous studies described adherence to ULT in European gout
patients.
We set out to gain insight into the dispensing patterns, as well as the level of compliance
and persistence to commonly prescribed ULT drugs for the treatment of hyperuricemia
and gout, in a nationally representative study in the Netherlands.

METHODS
Data source
Data for this nationally representative, retrospective, prescription-based study were
obtained from IQVIA’s Real-World Data Longitudinal Prescription database (LRx,
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Amsterdam, The Netherlands). The database contains anonymous patient prescription
records, including patient (e.g., age, gender), dispensing (e.g., pharmacy, prescription
date), medication (e.g., name, dose, strength, therapy duration), and prescriber
information. For this study, dispensed ULT prescriptions of allopurinol, febuxostat, and
benzbromarone prescribed by rheumatologists, general practitioners, and internists
were selected. In total, the database provides a coverage of approximately 75% of all
prescriptions dispensed in The Netherlands, represented by both retail pharmacies and
dispensing general practitioners. Data was available from the time period of 1 November
2013 up till 31 July 2017.

Measuring compliance and persistence
Reporting standards for retrospective database studies on measuring compliance
and persistence were followed in describing the study results [11]. To identify patients
newly starting on ULT, patients were selected who did not receive any ULT prescription
(allopurinol, febuxostat, or benzbromarone) in the 6 months prior to their first ULT
dispensing in the defined study enrollment period, which was between 1 May 2014 and 31
5

July 2016. Since ULT is also prescribed for conditions other than gout, and the diagnosis
of patients was unknown, patients < 18 years old at the time of first ULT dispensing were
excluded. Similarly, patients whose baseline prescription was prescribed by a professional
other than a general practitioner or rheumatologist, were excluded. However, follow-up
prescriptions by internists were included for calculating compliance and persistence.
Prescriptions with a dispensed duration of zero days were excluded.
Compliance to ULT was defined as the proportion of days covered (PDC) by medication
over a period of 12 consecutive months, correcting for any overlap in prescriptions [11].
Patients were not required to be continuously using ULT (persistent). For comparability
with previous studies, the PDC was dichotomized, and patients with PDC ≥ 0.80 were
considered compliant [10]. Persistence refers to the extent to which patients continue
their medication over 12 months, without exceeding a refill gap of 30 days. The time to
discontinuation was determined in days.
For the analyses of compliance and persistence, we made three assumptions; (1) intake
of the medication by patients was done in accordance with the issued prescription,
in terms of duration and frequency; (2) patients were initiated on lifelong ULT for the
treatment of gout and hyperuricemia; and (3) dispensed prescriptions were considered
to be taken for the first time on the same day of dispensing, except when a patient
still had medication available from the previous prescription; in those cases medication
intake started the day after the medication of the previous prescription was exhausted.
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For calculating compliance and persistence, no distinction was made in type of ULT
received.

Statistical analysis
Means and standard deviations, or medians and first and third quartiles were used to
summarize general characteristics of the patient population, dispensing patterns, as
well as compliance and persistence levels after 1 year. Univariable and multivariable
regression analyses were performed to identify factors associated with PDC and time to
treatment cessation. Since the PDC variable is naturally bounded between 0 and 1, and
had a “U-shaped” distribution with relatively high numbers of patients at the extremes
(i.e., 0.10 ≥ PDC ≥ 0.90), we used beta regression analysis, with a logit link function.
Overall goodness of fit was examined using the pseudo R-square statistic, and statistical
significance of the coefficient estimates were tested using partial Wald statistics. This
was accomplished by using the betareg R package

[12]

. Factors associated with time to

treatment cessation were studied using cox-regression analysis using IBM SPSS Statistics
version 23. For testing the cox proportional hazard assumption, log minus log graphs
were visually inspected.

5

RESULTS
Patient characteristics
ULT prescriptions of 130,232 patients were dispensed by rheumatologists, general
practitioners, or an internist between November 2013 and July 2017. Of these, 45,654
patients met the selection criteria, of which the majority were male (n = 34,761, 76.1%).
The mean (SD) age was 65.7 (14.1) years.

Dispensing patterns
The total number of ULT prescriptions dispensed was 377,309 with the number of ULT
prescriptions per patient ranging from 1 to 297, and a median (first, third quartile) of 5
(3, 7). The most common initial ULT prescription dispensed during the study enrollment
period was allopurinol (n = 44,068, 96.5%), followed by benzbromarone (n = 1386, 3.0%)
and febuxostat (n = 200, 0.4%). Most patients were issued their first ULT prescription by
general practitioners (n = 37,917, 83.1%). The median (first, third quartile) ULT treatment
duration dispensed was 30 (15, 60) for rheumatologists and 30 (15, 90) days for general
practitioners, respectively. Table 1 provides an overview of the initial type of ULT and
dosages dispensed by both prescribers.
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Table 1: Initial ULT dispensed among general practitioners and rheumatologists
Type of ULT

General practitioner, % (N)a

Rheumatologist, % (N)b

Allopurinol 100mg

75.9 (28,773)

72.1 (5,576)

Allopurinol 200mg

1.3 (476)

0.4 (31)

Allopurinol 300mg

20.1 (7,630)

20.4 (1,582)

Febuxostat 80mg

0.2 (83)

1.5 (113)

Febuxostat 120mg

0.0 (4)

0.0 (0)

Benzbromarone 100mg

2.5 (951)

5.6 (435)

ULT, urate lowering therapy. Percentage of total group, N=37,917. Percentage of total group, N=7,737.
a

b

Compliance
PDC values had a median of 0.82 and first and third quartiles of 0.33 and 0.99,
respectively. In total, 51.7% (n = 23,602) patients were categorized as compliant.
Gender, age, and first prescriber were found to be associated with PDC, according to the
5

Wald statistics (Table 2). In the multivariable beta regression model, the predicted value
for PDC was 53%, when all covariates were set to zero. Ceteris paribus the predicted PDC
value increased by 8% if a rheumatologist was the first prescriber instead of a general
practitioner, and by ~ 3% for each increasing incremental decade of the patient’s age.
The predicted value for PDC decreased by 3% for female patients. The pseudo R square
for the multivariable model was 0.024.

Table 2: Variables associated with PDC
Univariable analyses

Multivariable analysesa

Gender

Age

Prescriber

Gender

Age

Prescriber

Intercept

0.957

0.252

0.890

0.139

0.139

0.139

β-coefficient

-0.044*

0.011**

0.336**

-0.127**

0.012**

0.348**

SE

0.014

<0.000

0.015

0.014

<0.000

0.015

Pseudo R2

<0.000

0.011

0.011

0.024

0.024

0.024

SE, standard error; PDC, proportion of days covered. a Model: PDC ~ gender + age + prescriber. * P < 0.01; ** P
< 0.001.

Persistence
The median (first, third quartile) time to discontinuation of ULT was 248 (83, 420) days
for the entire population, and after 1 year 42.7% (N = 19,509) of the patients were still
persistent. In general, major drops in persistence were seen after 30 (n = 3827) and 90

84

|

PART I

-

CHAPTER 5

(n = 4093) days of treatment, which are common durations of prescribed ULT medications.
Noticeably, for 50.2% (n = 1922) and 38.9% (n = 1593) of the patients stopping at day 30
and 90 respectively, only one ULT prescription was dispensed in 1 year time.
Visual inspection of the log-minus-log hazard function plots for age, gender, and first
prescriber supported that the assumption of proportional hazards was met. When
applying multivariate cox-regression for gender, age, and initial prescriber of ULT, hazard
ratios (HR) differed significantly between groups (Table 3, Fig. 1). Males had a 10.3% (HR
0.897, 95% CI 0.87–0.92) lower probability of treatment cessation at any point in time,
compared to women. Also, older patients had a statistically significant lower probability
of stopping treatment at any point in time compared to younger patients. Finally, the
HR for patients initially treated by a rheumatologists compared to a general practitioner
was 0.788 (95% CI, 0.76–0.82), suggesting the probability of discontinuing medication
is 21.2% less likely at any point in time for patients initially treated by a rheumatologist.

Table 3: Multivariate cox-regression for persistence

5

HR

95% CI

Time to discontinuation in
days, median (Q1, Q3)

Persistent at
12 months (%)

Gender
Femalea
Male

0.897*

0.87, 0.92

236 (60, 401)
257 (90, 420)

41.9
43.0

Age group
18-60a
61-73
≥ 74

0.713*
0.750*

0.69, 0.73
0.72, 0.77

180 (60, 404)
333 (90, 438)
286 (85, 404)

35.6
47.5
45.0

Prescriber
General practitionera
Rheumatologist

0.788*

0.76, 0.82

225 (72, 408)
359 (90, 450)

41.5
48.9

-, not applicable; HR, hazard ratio; CI, confidence interval; Q1, quartile 1; Q3, quartile 3. a Comparator group for
HR. * Significant difference at P < 0.05.

DISCUSSION
This study evaluated the compliance and persistence to commonly prescribed ULT drugs
for the treatment of gout and hyperuricemia, as well as factors associated with these,
on a national scale.
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Fig. 1 Graphs of the proportion of patients who continued treatment with urate-lowering therapy
(ULT) 1 year after initiation of treatment. A The level of continuance stratified by gender, B stratified
by age, and C stratified by initial prescriber of ULT.

Based on our results, compliance and persistence to ULT for the treatment of gout
and hyperuricemia seems suboptimal in the Netherlands, revealing ULT dispensing
patterns that are inconsistent with national and international management guidelines
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for gout. After 1 year, only 42.7% of the patients were still getting their prescriptions
refilled, and 51.7% of the patients had ULT medication coverage of at least 80% of the
study days. These findings further substantiate previous reports where suboptimal
medication adherence to ULT has been highlighted as a concern in gout patients, in
various healthcare systems [6,13–15]. In fact, an earlier report from Germany and the United
Kingdom described similar discouraging results [16]. Although we can only speculate on the
reasons for poor adherence, we found that patients whose initial prescriber of ULT was
a rheumatologist had better treatment adherence. This suggests that establishing local
networks between rheumatologists and general practitioners, as previously suggested
in an editorial in this journal, may be helpful for enhancing gout care [17]. Such initiatives,
and in particular their influence on medication adherence, should be investigated in
The Netherlands.
We found that increasing age, being male, and initiation of ULT by a rheumatologist were
factors associated with compliance and continuation of ULT, although it should be noted
that these variables explained only a limited amount of the total variance in PDC scores.
Nevertheless, the findings that increasing age and male sex were protective factors are
consistent with previous research [18]. Moreover, our results show a comparatively strong
protective effect for the initial prescriber of ULT with respect to compliance, which is a
factor that has thus far been studied in a limited number of studies [19].
An important strength of the study is the large, national coverage provided by the
database, and the large number of patient records evaluated. It suggests that the
presented results may adequately reflect the adherence levels of Dutch patients to
ULT. However, our study also had some limitations. First, considering the definitions
we maintained for compliance, the PDC was calculated for each patient over the
course of the study year. This means the PDC scores after 1 year were to a large extent
determined by the level of persistence of that patient in that same year. Furthermore,
our database did not contain information regarding the clinical diagnosis of disease
for which ULT was indicated. As such, patients without the diagnosis gout and only
indicated for hyperuricemia could have been included, potentially introducing bias
to the results. Nevertheless, by applying our patient selection criteria, the probability
that the database contained gout patients increased. Lastly, we applied a 0.80 cut-off
point for good compliance to facilitate comparison with earlier studies. However, it is
currently not known if this cut-off value is clinically relevant for gout patients on ULT. As
done for other diseases, we suggest empirical evidence supporting the optimal level of
adherence should become available for gout and hyperuricemia, to assist in interpreting
compliance levels found among patients on ULT [20].
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In conclusion, our results from real-life prescription data show that medication
compliance and persistence to ULT for the treatment of gout and hyperuricemia is
suboptimal, and not in line with management guidelines for gout recommending lifelong ULT. Future studies addressing the reasons for treatment cessation and improving
treatment adherence are warranted.
Acknowledgements
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Patient-reported outcome
measures in gout
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ABSTRACT
Background. Gout is a common, monosodium urate crystal-driven inflammatory
arthritis. Besides its clinical manifestations, patients often also suffer from pain,
physical impairment, emotional distress and work productivity loss, as a result of the
disease. Patient-reported outcome measures (PROMs) are commonly used to assess
these consequences of the disease. However, current instrument endorsements for
measuring such outcomes in acute and chronic gout clinical settings are based on
limited psychometric evidence. The objective of this systematic literature review was to
identify currently available PROMs for gout, and to critically evaluate their content and
psychometric properties, in order to evaluate the current status regarding PROMs for
use in gout patients.

Methods. Systematic literature searches were performed in the PubMed and
EMBASE databases. The methodological quality of included papers was appraised
using the COnsensus-based Standards for the selection of health Measurement
INstruments (COSMIN) checklist, and evaluation of measurement properties (reliability,
responsiveness, construct validity, floor and ceiling effects) was done in accordance
with published quality criteria. Item content was appraised by linking health concepts
to the International Classification of Functioning Disability and Health (ICF) framework.
6

Results. In total, 13 PROMs were identified, of which three were targeted specifically
at gout patients. The majority of the PROMs were rated positively for content validity.
For most instruments, limited evidence was available for construct validity and reliability.
Instruments to assess pain scored well on responsiveness and floor and ceiling effects,
but not much is known about their reliability in gout.

Conclusions. The physical functioning subscale of the SF-36v2 (Short Form-36
item version 2) is the only PROM that had sufficient supporting evidence for all its
psychometric properties. Many of the commonly used PROMs in gout are currently not
yet well supported and more studies on their measurement properties are needed
among both acute and chronic gout populations.
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INTRODUCTION
Gout is an increasingly prevalent, monosodium urate crystal-driven inflammatory
arthritis, commonly presenting as debilitating acute painful flares with associated
redness and swelling of the affected joint(s). In some cases a chronic course may develop
when increasing crystal deposition is left untreated, leading to visible urate crystal
deposits (tophi) and joint damage, as well as extra-articular complications [1]. Along with
the clinical manifestations, patients suffering from gout are often confronted with pain,
physical impairment, work productivity loss, and emotional distress [2,3]. Patient-reported
outcome measures (PROMs) are commonly used to assess these consequences of gout
in a variety of settings [4,5].
When choosing a specific PROM to use from a number of alternatives, one should take
into account the research context, feasibility of the instrument, comparability of scores
with relevant earlier work, and the measurement properties of the instrument in the
population of interest. Measurement properties are arguably a particularly important
factor to consider, since they have a direct bearing on, for example, the ability of a
study to demonstrate the desired effects, as well as the required sample size. Therefore,
choosing the best instrument from a number of alternatives importantly contributes
to the potential for the success of a study. Consequently, endorsements of specific
instruments should be based on a comprehensive, critical evaluation of their content
and the documented evidence supporting their measurement properties [6].
The OMERACT Gout Special Interest Group has endorsed various patient-reported
outcome (PRO) instruments for use in acute and chronic gout clinical research [7–13].
However, these endorsements are based only on the opinions of experts, guided by
analyses performed on data from a few selected clinical trials (n=4) and one observational
study, as well as a systematic review on the performance of specific measures in previous
clinical trials of acute gout

[14,15]

. Important measurement properties, such as reliability

and validity, are not typically reported on in trial reports, nor can information about
these properties necessarily be inferred from the reported results. Also, as information
about measurement properties was derived from a small, selected number of studies,
new or less popular instruments may have been underappreciated.
To date, no systematic evaluation has been performed of the available evidence
supporting the measurement properties of the various PROMs available for use in gout
[16,17]

. The objective of this systematic review was to identify all PROMs currently available

for gout, and to critically appraise their content and measurement properties, in order
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to evaluate the current status regarding PROMs validated for use in gout patients, and to
identify areas for future research.

METHODS
Search strategy
To identify all available literature, a systematic literature search was performed in PubMed
and EMBASE (database start date, up to August 15, 2017), using a modified, but validated
search strategy for papers on measurement properties of PROMs used in gout

[18]

. The

exact search terms are included in the supplemental material (Supplemental material 1).
References of included studies and systematic reviews of PROMs found in the search
were screened initially by title, and if relevant, abstracts were assessed for potentially
relevant papers. Finally, for each included PROM a PubMed search was performed to
make sure all papers were included.

Selection of literature
Inclusion criteria were published articles in which (1) the study population consisted
of gout patients and (2) the article reported on the development of a PROM, or the
evaluation of one or more of its measurement properties. We excluded (1) conference
6

abstracts and poster presentations, (2) systematic review articles, and (3) articles
published in any other language than English.
The titles and abstracts of the retrieved articles were screened independently by two
reviewers (MOV and CJ) on relatedness to gout and development or evaluation of a PROM.
Any duplicates of articles generated by the search strategy were removed using Microsoft
Excel prior to screening. When the title or abstract caused uncertainty pertaining the
eligibility criteria, the full-text articles were retrieved and assessed. Disagreements on
the eligibility of the article for inclusion were discussed and resolved through consensus.
A third reviewer (PtK) was consulted if disagreements remained unresolved. Full-text
articles were retained and the final decision on which studies to include were made
through consensus after having read the articles (MOV and PtK). Reasons for exclusion
were noted and a flow chart of study article selection was prepared according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement [19].

PROM characteristics
Descriptive characteristics of each instrument were extracted from the included studies
or the initial publication of the instrument. The readability of each questionnaire was
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assessed using the Flesh-Kincaid Grade level-test. A grade level of 6 is recommended
by the International Society for Quality of Life Research (ISOQOL) minimum standards
for PROMs [20]. Availability of each instrument was determined.

Assessment of methodological quality
The methodological quality of each included study was assessed using the COnsensusbased Standards for the selection of health Measurement INstruments (COSMIN) checklist
[21]

. Several deviations from COSMIN checklist were deemed necessary in order to

correspond better with advances in psychometric theory or standard practices in gout,
and quality of life research

[20,22–26]

. An overview of the criteria and our deviations from

these are presented in Table 1. Two reviewers (MOV and PtK) independently completed
the checklist and final decisions about ratings were arrived at through consensus.

Table 1: Quality criteria for rating the measurement properties in accordance with Terwee et al.
2007, and deviations from COSMIN criteria for methodological quality.
Measurement
propertya

Definition

Deviations from COSMIN
checklist

Threshold for
positive rating

Score reliability
(single
administration)

Classical test theory
based estimate of overall
proportion of true score
variance, calculated from
the interitem covariance
matrix.

Following Sijtsma et al.
Reliability
2009, the term “internal
coefficient ≥ 0.70.
consistency” was replaced
by single administration
reliability. Single
administration reliability
coefficients were considered
to provide information about
score reliability.

Score reliability
(test-retest)

Classical test theory
based estimate of overall
proportion of true score
variance, obtained from
the correlation between
repeated measures with
same instrument in stable
patients.

None, but single
administration and testretest reliability categories
were merged in the
measurement properties
appraisal.

ICC ≥ 0.70.

Construct
Validity

The degree to which PRO
scores are related to
scores of other validated
measures in a way that is
consistent with theories
about how the constructs
the measures presume to
assess, are related.

None.

At least 75% of
the results are in
accordance with
the hypotheses.
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Table 1 continued.

a

Measurement
propertya

Definition

Deviations from COSMIN
checklist

Threshold for
positive rating

Floor and
Ceiling effects

The number of
respondents who
achieved the lowest or
highest possible score.

None.

≤15% of the
respondents
achieved the
highest or lowest
possible score.

Responsiveness

The extent to which a
PROM can detect changes
in the construct being
measured over time.

Following the ISOQOL
recommendations and
Revicky et al. 2008, favorable
rating for responsiveness
required empirical evidence
of changes in scores
consistent with a priori
expectations of researchers;
Either evidenced by score
improvement following
intervention with known
efficacy, or score changes
in accordance with
expectations derived from
external anchors of change
(e.g. patient-reported
changed overall health
status).

Standardized
change scores of
at least moderate
magnitude (e.g.,
ES / SRM ≥ 0.30
in the expected
direction if
changes were
expected).

For all boxes the reporting standards on missing data were ignored when appraising methodological quality,

because such information was rarely reported.

6

PROMs, patient-reported outcome measures; COSMIN, consensus-based standards for the selection of health
measurement instruments; ISOQOL, international society for quality of life research; ICC, intraclass correlation;
PRO, patient-reported outcome; ES, effect size; SRM, standardized response mean.

Assessment of measurement properties
The studies that were judged to be of high methodological quality using the COSMIN
checklist were used to rate the measurement properties of the included PROM as
either good (+) or poor (-), in accordance with quality criteria proposed by Terwee et al.
2007

[26]

. Measurement properties of instruments for which only studies of insufficient

methodological quality were available were rated as indeterminate (?), or zero (0) when
no information was found for that measurement property. In cases where the same
PROM was described in various studies of sufficient methodological quality, which
resulted in different quality ratings for the same measurement property, the rating was
designated as indecisive (+/-). Table 1 gives a description of each rated measurement
property, along with the quality criteria applied.
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Content evaluation and assessment of content validity
Health concepts assessed by each PROM were characterized by linking the items to the
International Classification of Functioning, disability and Health (ICF) using the 2016 ICF
linking rules

[27]

. As our intention was to compare content between PROMs, we did not

link health concepts to the ‘other specified’ or ‘unspecified’ ICF categories. To be rated
as having a high content validity (+), ≥ 75% of the health concepts of the PROM had to
have been included in either ICF core set

[28,29]

. All health items related to emotions

were linked to the ICF category ‘b152 emotional functions’.

Item response theory (IRT)
Although no quality criteria are currently available to judge the quality of studies that
used IRT-based analysis, we provided a descriptive review of the results of the included
studies that used these methods. As a minimum requirement for methodological quality
of the studies, we required that at least 50 patients were included in the study for
each item in case of PROMs with dichotomous response categories, or 50 patients for
each item step parameter for polytomous data

[30]

. For articles that used 2-parameter

IRT modeling we required a minimum of 250 patients to be included

[31]

. Furthermore,

for a positive rating for methodological quality, the IRT model that was used should be
described in sufficiently detail for the reader to understand its parametric structure, or
references needed to be included to sources that provide such descriptions. Finally, at
least some evidence needed to be presented to support model-data fit.

6

RESULTS
The search resulted in 826 hits, of which 556 were screened after removal of the
duplicates. After screening of the titles and abstracts, 33 were found to meet the
inclusion criteria. Of these, another 19 were excluded, leaving a total of 14 studies for
review (Fig. 1) [15,32–44]. Reference checking of systematic reviews and of these included
papers, or the additional PubMed search of each included instrument, did not result in
any additional studies eligible for review.

Instrument characteristics
The characteristics of the 13 included PROMs are summarized in Table 2 (see Supplemental
material 2 for ICF linking perspectives and categorization of response options). Three
of these specifically target gout patients, whereas the remaining instruments target
patients with rheumatic diseases or generic populations. Pain and physical function
were the most frequently assessed outcome domains. Seven out of eleven (64%) PROMs
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had Flesch-Kincaid grade level estimates lower than 6, suggesting that their items are
easily understood by patients with varying reading proficiency levels (Table 2).

6

Fig. 1 Flow diagram of study selection

Content description & validity
The results of the ICF-linking exercise revealed that health concepts subsumed under
the ICF chapter ‘d4 mobility’ were most frequently addressed in the items of the
included PROMs (see Supplemental material 3). Each included PROM had at least one
item related to ‘d4 mobility’. The ‘b1 mental functions’ was the second most popular ICF
chapter. This is because all health concepts related to emotional functioning were linked
to this chapter. Health concepts related to ‘d8 major life areas’ were also frequently
assessed, mainly due to the inclusion of the Rheumatoid Arthritis-Work Instability
Scale (RA-WIS). Only three PROMs included content related to environmental factors,
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particularly the Health Assessment Questionnaire-Disability Index (HAQ-DI), for which
scores can be adjusted in case patients need help from others or assistive devices to
perform the activities.

Table 2: General characteristics of the included patient-reported outcome measures (PROMs)
OMERACT
core outcome
domains
Instrument

Target
population

Subscale (number of items)

Acute
gouta

Feasibility

Chronic Read- Availability
goutb
abilityc

Multidimensional scales
Generic

Physical functioning (10), role- P,
physical (4), bodily pain (2),
PGA,
general health (5), vitality (4),
AL
social functioning (2), roleemotional (3), mental health (5)

HRQOL, 5.6
P, PGA,
AL

License fee
may apply

MOS-20[33]

Generic

Physical function (6),
role functional (2), social
functioning (1), mental health
(5), current perception of
health (5), pain (1)

P,
PGA,
AL

HRQOL, 6.5
P, PGA,
AL

Freely
available

AIMS[33]

Arthritis

Mobility (4), physical activity
(5), dexterity (5), household
activity (7), social activities (4),
activities of daily living (4), pain
(4), depression (6), anxiety (6)

P, AL

HRQOL, 5.6
P, AL

Freely
available

GAQ
2.0[34,41,43]

Gout

GIS (24), consists of 5
PGA
subscales: gout concern
overall (4), gout medication
side effects (2), unmet gout
treatment need (3), well-being
during attack (11), gout concern
during attack (4)

AGA,
7.2
HRQOL,
P, PGA

SF-36v2
[34–37,41,43,44]

6
d

Freely
available

Unidimensional scales
HAQDI[15,32,33,37–41,43]

Generic

(43)e

AL

AL

4.6

Freely
available

HAQ-II[15,36,37]

Rheumatic
conditions

(10)

AL

AL

4.0

Freely
available

TIQ-20[42]

Tophaceous
gout

(20)

-

TB

5.6

Freely
available

RA-WIS[36]

RA

(23)

-

-

3.7

License fee
may apply

Single-item PROMs
VAS painf [15,35]

Multiple

(1)

P

P

3.3g

Freely
available

Likert painh

Multiple

(1)

P

P

n/a

Freely
available

[15]
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Table 2 continued.
OMERACT
core outcome
domains
Instrument

Target
population

Feasibility

Subscale (number of items)

Acute
gouta

Chronic Read- Availability
goutb
abilityc

Single-item PROMs
NRS paini [15]

Multiple

(1)

P

P

n/a

Freely
available

VAS PGAj [15,35]

Multiple

(1)

PGA

PGA

11.9k

Freely
available

(1)

AL

AL

12.7m

Freely
available

Physical
Gout
function NRSl
[15]
a

OMERACT mandatory core outcome domains for acute gout are pain (P), joint swelling (JS), joint tenderness

(JT), patient global assessment (PGA), activity limitation (AL)

[10]

. bOMERACT mandatory core outcome domains

for chronic gout: serum uric acid (sUA), acute gout attack (AGA), tophus burden (TB), Health-related quality of
life (HRQOL), activity limitations (AL), pain (P), patient global assessment (PGA)

[10]

. cA Flesch-Kincaid Grade Level

score of ≤ 6 was desired, equivalent to 6th-grade education level or lower in the United States (12 years or lower).
d

Rated for the GIS section of the GAQ2.0 only. eBased upon the HAQ-DI Dutch consensus [45]. f100mm VAS (0=no

to 100=severe pain). gRated for the following item “How much pain have you had because of your illness in the
past week?” [35]. h5-point Likert scale (0=no pain, 1=mild pain, 2=moderate pain, 3=severe pain, 4=extreme pain).
i

11-point NRS (0=no pain to 10=extreme pain). j100mm VAS (0=very well to 100=very poor). kRated for the following

item “Considering all the ways that your arthritis affects you, rate how you are doing today on the following scale
by placing a vertical mark on the line” [35]. l11-point NRS from WPAI:SHP v2.0 (0=had no effect on my daily activities
to 100=completely prevented me from doing my daily activities)

[46]

. mRated for the following questionnaire item

“During the past seven days, how much did your gout attack affect your ability to do your regular daily activities,

6

other than work at a job?”.
PROMs, patient-reported outcome measures; OMERACT, outcome measures in rheumatology; RA, rheumatoid
arthritis; SF-36v2, Short Form-36 item version 2; MOS-20, Medical Outcomes Study 20-item Short Form
Health Survey; AIMS, Arthritis Impact Measurement Scales; GAQ 2.0, Gout Assessment Questionnaire 2.0; GIS,
Gout Impact Scale; HAQ-DI, Health Assessment Questionnaire-Disability Index; HAQ-II, Health Assessment
Questionnaire-II; TIQ-20, 20-item Tophus Impact Questionnaire; RA-WIS, Rheumatoid Arthritis-Work Instability
Scale; VAS, Visual Analogue Scale; NRS, Numeric Rating Scale; PGA, patient global assessment; - , not applicable;
n/a, not available

Of the in total 32 PROMs, subscales and total scales that were rated, 81% (n=26) met the
criteria for a positive rating for content validity (Table 3). However, the role functioning
subscales of Medical Outcomes Study 20-item Short Form Health Survey (MOS20) and Short Form-36 item version 2 (SF-36v2), the Work Productivity and Activity
Impairment (WPAI) physical function Numeric Rating Scale (NRS) and several Arthritis
Impact Measurement Scales (AIMS) subscales received negative ratings, mainly due to
the fact that a large number of their health concepts were too general to be linked to
ICF second level categories.
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Quality rating of measurement properties
Table 3 lists the quality ratings of the psychometric properties of the included PROMs.
Construct validity
The methodological quality for construct validity was frequently rated as poor, in the
majority of cases because no hypotheses were specified by the authors with respect to
expected correlations or mean differences. In studies with explicitly stated hypotheses,
positive ratings were generally given, leading to mostly positive ratings for PROMs for
which high quality studies of construct validity were available. However, the HAQ-DI was
rated as inconclusive as in one study, 78% of hypotheses were confirmed, whereas in
another only 61% of hypotheses could be confirmed. For the latter study, hypotheses
were not confirmed for some correlations with the subscales of the SF-36v2 (including
emotional health, emotional role limitation, social), but also for correlations with
outcomes such as the number of gout flares in the past month, Visual Analogue Scale
(VAS) for pain, swollen joint count and physician global assessment.
Score reliability
The reliability of several multi-item PROMs was supported by high quality studies of
single administration reliability. All instruments measuring physical function (HAQ-DI,
Health Assessment Questionnaire-II (HAQ-II), SF-36v2 physical functioning subscale)
received favorable ratings for reliability, as did the RA-WIS and a couple of the Gout
Assessment Questionnaire 2.0 (GAQ2.0) subscales and total scale. The other subscales
of the GAQ2.0 were either rated negatively because the reliability coefficient was <
0.70, or as indefinite when studies showed mixed results. The AIMS and MOS-20 were
rated as indeterminate because the sample size used for the analysis was inadequate
(< 50). None of the studies in which an analysis of test-retest reliability was performed
were rated to be of high quality. The 20-item Tophus Impact Questionnaire (TIQ-20)
was rated as indeterminate for test-retest despite an intraclass correlation coefficient
(ICC) > 0.70 using an otherwise appropriate design, because patients did not appear
stable during the two measurement periods. The AIMS and the MOS-20 received an
indeterminate rating because an inadequate sample size was used, and the follow-up
period of eight weeks between measurements was deemed too long. For the other six
questionnaires, no studies on test-retest reliability were found.
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Table 3: Quality ratings of the measurement properties of the included instruments.
Truth

Discrimination

Content
Validity

Construct
validity

Physical function

+

Role physical

-

Bodily pain

Instrument

Reliability

Responsiveness

Floor and
ceiling effects

+

+

+

+

?

0

+

-

+

+

0

+

+

SF-36v2 [34–37,41,43,44]

General health

n/a

?

0

+

+

Vitality

+

?

0

+

+

Social functioning

+

?

0

+

-

Role emotional

+

?

0

-

-

Mental health

+

?

0

-

+

SF-36 PCS

n/a

?

0

+

+

SF-36 MCS

n/a

?

0

-

+

Physical function

+

?

?

?

0

Role functioning

-

?

?

?

0

Social functioning

+

?

?

?

0

MOS-20 [33]

Mental health

+

?

?

?

0

n/a

?

?

?

0

+

?

?

?

0

Mobility

+

?

?

?

0

Physical activity

+

?

?

?

0

Dexterity

+

?

?

?

0

Household activities

-

?

?

?

0

Social activities

-

?

?

?

0

Activities of daily living

-

?

?

?

0

Pain

+

?

?

?

0

Depression

+

?

?

?

0

Anxiety

+

?

?

?

0

Health perception
Pain
AIMS [33]
6

GAQ2.0 [34,41,43]
Concern overall

+

?

+/-

+

+

Medication side effects

+

?

-

-

+

Unmet treatment need

+

?

-

-

+

Wellbeing during attack

+

?

+

+

+

Concern during attack

+

?

+

-

+

n/a

?

+

+

0

HAQ-DI [15,32,33,37–41,43]

Total GIS

+

+/-

+

+

+/-

HAQ-II [15,36,37]

+

+

+

?

-

TIQ-20 [42]

+

+

?

0

+

RA-WIS [36]

+

+

+

0

-

VAS pain [15,35]

+

+

?

+

+
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Table 3 continued.
Truth

Discrimination

Content
Validity

Construct
validity

Likert pain [15]

n/d

NRS pain [15]

n/d

VAS PGA [15,35]

Instrument

Reliability

Responsiveness

Floor and
ceiling effects

?

?

+

+

?

0

+

+

n/a

+

0

+

+

-

?

0

+

+

WPAI Physical function NRS
[15]

+ , good measurement property with sufficient methodological quality; +/-, Indefinite measurement property
with sufficient methodological quality; - , poor measurement property with sufficient methodological quality; ?,
indeterminate quality of measurement properties because of inadequate methodological quality; 0, no information
found in the literature; n/a, not applicable; n/d, not definable due to unavailability of questionnaire item; AIMS,
Arthritis Impact Measurement Scales; GAQ 2.0, Gout Assessment Questionnaire 2.0; GIS, Gout Impact Scale; HAQDI, Health Assessment Questionnaire-Disability Index; HAQ-II, Health Assessment Questionnaire-II; MOS-20, Medical
Outcomes Study 20-item Short Form Health Survey; SF-36v2, Short Form-36 item version 2; TIQ-20, 20-item Tophus
Impact Questionnaire; RA-WIS, Rheumatoid Arthritis-Work Instability Scale; VAS, Visual Analogue Scale; NRS, Numeric
Rating Scale; PGA, patient global assessment; WPAI, Work Productivity and Activity Impairment.

Responsiveness
The single-item pain measures (VAS, Likert and NRS) and the bodily pain subscale of the
SF-36v2 were demonstrated to be able to detect clinically relevant changes over time.
Of the PROMs measuring physical functioning, the HAQ-DI, SF-36v2 (physical functioning
subscale, role physical subscale and the physical component summary score) and the
single-item WPAI physical function NRS were rated positively, whereas the HAQ-II was
rated as indeterminate because it was not clear how patients changed over time. For
the same reason, the MOS-20 and AIMS also received an indeterminate rating. The
subscales of the SF-36v2 and GAQ2.0 that were rated negatively did so because the
demonstrated effect size was considered too small (< 0.30).
Floor and ceiling effects
The (sub)scale(s) of the gout-specific GAQ2.0 and the TIQ-20 both showed no floor or
ceiling effects. Similarly, the pain instruments were also rated positively, as were the patient
global assessment VAS and the general health subscale of the SF-36v2. The instruments for
physical functioning showed contradictory results: the HAQ-II had floor or ceiling effects
>15%, the HAQ-DI had indecisive results, and the physical functioning subscale of the SF36v2 and physical function NRS scale showed no floor or ceiling effects.

Item response theory (IRT)
There were four articles in which IRT was used. The methodological quality of the first
study was rated negatively, because only ~24 patients per threshold parameter were
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included, which makes it unlikely that the estimates of these parameters, which was the
subject of their analysis, were stably estimated [39]. In another study, the measurement
invariance of the HAQ-DI with respect to diagnosis, was examined [38]. Their results suggest
that patients with gout, osteoarthritis and rheumatoid arthritis respond differently to
the HAQ-DI categories of walking, dressing, and activities. When these differences in
response behavior were controlled for in the model, the authors found that the mean
disability scores for the different disease groups were changed slightly. This might impact
the validity of cross-diagnostic comparisons using the HAQ-DI. Rasch analysis of the RAWIS scale provided support for its unidimensionality [36]. Analysis of the locations of the
items and persons on the latent measurement continuum revealed that targeting of the
scale was supposedly poor, with most of the items clustering together at the middle
of the continuum, whereas the distribution of patients was skewed to the right, with a
pronounced ceiling effect. Despite this, global reliability was found to be high according
to the patient separation index. At last, Rasch analysis was also used in the development
of the TIQ-20 [42]. That paper was rated negatively for methodological quality because
a longitudinal IRT model was apparently used; however it was not described how the
dependencies between the repeated measures were taken into account in the analysis.

DISCUSSION
6

Brief summary
In the current study, we identified and critically reviewed the content and psychometric
properties of PROMs currently available for gout, using a systematic approach. This
paper can be used for determining areas where further research is required for specific
PRO domains and measures in gout, especially regarding their measurement properties.

Strengths
The comprehensive literature search in various databases, as well as the systematic
approach applied during this entire review process, are strengths of this study. In
addition, this review is the first to critically review various measurement properties of
commonly used PROMs in gout, including the assessment of the methodological quality
of studies reporting on these measurement properties. For this purpose, standardized
criteria were used to assess both the methodological quality of the included studies
using the COSMIN checklist, as well as the quality of the measurement properties using
quality criteria that were proposed by ISOQOL and Terwee et al.

[20,21,26]

. Furthermore,

the content validity of the included PROMs were comprehensively assessed by linking
their items to the ICF using standardized ICF linking procedures [27].

108

|

PART II

-

CHAPTER 6

Weaknesses
There were some limitations to this study. First, our search was developed to find papers
that evaluated measurement properties of PROMs used in gout. As a result, we may have
missed PROMs used in gout for which no evaluation of the psychometric properties are
yet available. For instance, several new generic item banks, for example, those developed
for the Patient-Reported Outcomes Measurement Information System project, were not
included in this review for that reason [47]. Evaluation of measurement properties of such
measures in gout seems very relevant. Moreover, no ICF core set for gout is currently
available. The comparative ICF core set we used consisted of the ICF core set of acute
inflammatory arthritis and a preliminary ICF core set derived in a recent study in which
a core set of gout ICF categories considered relevant by a panel of experts physicians
was defined [28,29]. The results regarding content validity should therefore be considered
preliminary and interpreted with some caution. Another limitation to the evaluation of
the content of the PROMs is that all health concepts related to emotional functioning
(e.g., “Have you been very nervous?”) were linked to a single category, namely ‘b152
emotional functions’. Since health concepts relating to emotional functioning were the
second most popular category in the included PROMs, and represented quite diverse
emotional experiences, different PROMs could probably be characterized in more detail
with respect to the various aspects of emotional functioning they assess. Finally, authors
of the included papers were usually insufficiently clear about whether patients had active
gouty arthritis, or were studied in the so-called inter-critical periods of the disease.
Properties of the included PROMs are likely to differ between these subpopulations,
which limits the generalizability of our results. For future studies we recommend that
authors provide information on the percentage of patients with active arthritis included
in the study.

Discussion on findings
The results of this study show that various PROMs are available for gout, covering
the majority of the outcome domains that have been endorsed by OMERACT for use
in clinical studies in this field. Interesting was the absence of studies assessing the
properties of PROMs for the OMERACT key outcomes of ‘joint swelling’ and ‘joint
tenderness’. Possibly because in many gout clinical studies these outcomes are not
applied as a PROM, but are rather assessed by the physician [48,49]. Nevertheless, patientreports of these domains have been done in gout clinical studies, so that evaluation of
their measurement properties is desired [50,51]. Also, no studies were found examining the
measurement properties of instruments that can be used to derive health utilities for
health-economic studies.
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Only the physical functioning subscale of the SF-36v2 was rated favorably for all
measurement properties in this systematic review. Moreover, in one of the included
studies, a direct comparison with the HAQ-DI and HAQ-II showed that it was the only
instrument without floor and ceiling effects, suggesting it better targets the disability
levels of gout patients [37]. Therefore, current evidence suggests that the SF-36 physical
functioning subscale can be recommended for assessing disability in gout. In measuring
disability, the HAQ-DI was the only other instrument for which sufficient studies of
high quality were available to provide a comprehensive evaluation of its measurement
properties. However, this instrument scored inconclusively for construct validity, and
floor and ceiling effects. Based on the current evidence, both the VAS and the SF-36v2
bodily pain subscale may be recommended for measuring pain, as almost all measurement
properties were supported by high quality studies. However, in general, few studies
have yet assessed the psychometric properties of single-item pain measures.
Of the gout-specific PROMs, the health status measuring GAQ2.0 was most extensively
evaluated in the literature. Although its subscales showed no floor and ceiling effects,
and were all rated as positive for content validity, confirming its items contain health
concepts relevant for gout populations, the GAQ2.0 does not cover all recommended
OMERACT outcome domains (e.g., no activity limitations scale). This potentially limits
its usefulness for gout clinical research purposes. Moreover, the available evidence
6

suggests poor reliability and non-responsiveness to change for half of its subscales,
and it was one of the few PROMs with a poorer rating for ease of reading. The overall
psychometric appraisal of the GAQ2.0 in this systematic review is in line with previously
reported concerns regarding this instrument and therefore we suggest caution in use of
this PROM [17]. For assessing health-related quality of life, the current evidence suggests
the SF-36v2 may be used as an alternative.
For other instruments, no strong conclusions regarding their psychometric quality were
possible, despite the availability of at least one study of most measurement properties
for each instrument. With respect to construct validity, this was mostly because authors
failed to specify hypotheses about the associations they expected to find. Construct
validation is an iterative process in which confidence in the degree to which a PROM
actually reflects the construct it intends to measure increases as applications of the
measure consistently yield results that would be expected, given theories about how
this construct relates to other constructs [52]. Therefore, especially for newly introduced
PROMs, proper evaluation of construct validity requires researchers to be specific
about expected relations among instruments included in the assessment; taking into
account that the relations between the substantive constructs, measurement error and
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method of measurement all contribute to the observed relations between instruments.
For instance, PROMs can be expected to have relatively high intercorrelations, and
therefore only limited information about construct validity can be extracted from
the finding that significant correlations exist between a number of PROMs. Neither is
it the case that higher correlations are always indicative of greater construct validity.
Assessments of test-retest reliability in acute gout are complicated by the often rapid
improvement that occurs, even without treatment, in the clinical status of patients. This
makes it challenging to select a population of stable patients, which led to the many
indeterminate ratings in this review. Therefore, for multi-item PROMs, reliability should,
in our opinion, be assessed using coefficients that can be calculated from the interitem
covariance matrix, such as Cronbach’s alpha.

Implications for practice
For clinicians working in the field of gout, it may be necessary to understand that little
evidence is currently available on the measurement properties of commonly used PROMs,
and more importantly, which consequences this may have on outcomes data when
poorly supported PROMs are used. In particular as some of the PROMs, for instance the
single-item pain PROMs, may be used in daily practice for determining the severity of
the pain associated with a gout flare. However, also because evidence from clinical trials,
where PROMs are commonly used to collect data, are generally used for developing gout
guidelines or management recommendations for in daily clinical practice.

6

Implications for research
To ensure high-quality patient-reported outcomes data is collected in gout research it is
essential that valid and reliable PROMs are used. Their usage may enhance the feasibility
of studies by, for example, creating less measurement error, leading to a smaller required
sample size. However, the results from this study show that the measurement properties
of the PROMs commonly used in gout clinical research settings are weakly supported.
To enhance their position in gout research, we recommend that more evidence on the
validity and reliability of PROMs used in gout becomes available. Choosing the most
suitable PROM from other alternatives may therefore become easier, and endorsing
PROMs for measuring relevant gout outcomes in clinical research, as done by OMERACT,
will ideally be based on solid evidence supporting the measurement properties of
PROMs.

Conclusions
In conclusion, the present report presents the results of an evaluation of the content and
literature supporting the measurement properties of commonly used PROMs in gout.
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The results suggest that PROMs are available to assess the majority of the recommended
OMERACT core outcome domains for use in clinical research for acute and chronic gout.
However, the SF-36 physical functioning subscale is the only PROM that currently meets
all the quality criteria we imposed for this review. Many of the commonly used PROMs in
this field are currently not yet well supported and more studies on their measurement
properties are needed among both acute and chronic gout populations.
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SUPPLEMENTAL MATERIAL
Supplemental material 1: Search strings applied in both the Pubmed and EMBASE databases for
finding appropriate literature.

Initial search string Pubmed:
((gout[MeSH

Terms])

OR

(gout[Title/Abstract]

OR

gouty[Title/Abstract]))

AND

((valid*[Title/Abstract] OR reliab*[Title/Abstract] OR responsiveness[Title/Abstract] OR
discriminative[Title/Abstract] OR Rasch[Title/Abstract] OR “item response theory”[Title/
Abstract] OR “sensitivity to change”[Title/Abstract] OR “measurement error”[Title/
Abstract]))
Initial search string Embase:
gout:ab,ti OR gouty:ab,ti AND valid*:ab,ti OR reliab*:ab,ti OR responsiveness:ab,ti OR
discriminative:ab,ti OR Rasch:ab,ti OR “item response theory”:ab,ti OR “sensitivity to
change”:ab,ti OR “measurement error”:ab,ti
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Supplemental material 2: Linking of instrument subscales to item perspectives and categorization
of response options, according to the 2016 ICF linking rules (Cieza et al. 2016).
ICF Linking 2016
Instrument

Subscale

Item Perspectivea

Response categoryb

SF-36v2

Physical functioning

DC

IN

Role-physical

DP

F

Bodily pain

D

IN

General health

APP

IN, CoA

Vitality

DP

F

Social functioning

DP

IN, F

Role-emotional

DP

F

Mental health

DP

F

Physical function

DC

F

Role functional

DP, DC

F

Social functioning

DP

F

Mental health

DP

F

Current perception of health

APP

IN, CoA

Pain

D

IN

Mobility

DP, DC, NoD

CoA

Physical activity

DC, NoD

CoA

Dexterity

DC

CoA

Household activity

DC, NoD

CoA

Social activities

DP

F

Activities of daily living

DC, NoD

CoA

Pain

D

IN, F, DU

Depression

DP

F

Anxiety

DP

F

Gout concern overall

DP

IN

Gout medication side effects

DP

IN

Unmet gout treatment need

APP

IN

Well-being during attack

DP, DC

IN, F

Gout concern during attack

DP

IN

HAQ-DI

-

DC, NoD

IN, QA

HAQ-II

-

DC

IN

TIQ-20

-

D, DP

CoA

RA-WI

-

D, DP

CoA

VAS pain

-

D

IN

Likert pain

-

D

IN

NRS pain

-

D

IN

VAS PGA

-

APP

IN

Physical function NRS

-

DP, DC

IN

MOS-20

AIMS

6

GAQ 2.0

a

Perspectives are descriptive (D), descriptive performance (DP), descriptive capacity (DC), appraisal (APP), need

or dependency (NoD)
b

Categorization of response options are intensity (IN), frequency (F), duration (DU), confirmation or agreement
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(CoA), qualitative attributes (QA)
ICF, International Classification of Functioning, disability and Health; SF-36v2, Short Form-36 item version 2;
MOS-20, Medical Outcomes Study 20-item Short Form Health Survey; AIMS, Arthritis Impact Measurement Scales;
GAQ 2.0, Gout Assessment Questionnaire 2.0; HAQ-DI, Health Assessment Questionnaire-Disability Index; HAQII, Health Assessment Questionnaire-II; TIQ-20, 20-item Tophus Impact Questionnaire; RA-WIS, Rheumatoid
Arthritis-Work Instability Scale; VAS, Visual Analogue Scale; NRS, Numeric Rating Scale; PGA, patient global
assessment; - , not applicable
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0 (0)

42 (71)

2 (3)
17 (29)

e3 Support and relationships

Total Environmental factors

0 (0)

0 (0)

0 (0)

0 (0)

12 (100)

0 (0)

0 (0)

14 (25)

0 (0)

0 (0)

0 (0)

0 (0)

39 (71)

4 (7)

8 (15)

0 (0)

1 (2)

2 (4)

14 (25)

0 (0)

2 (4)

0 (0)

8 (15)

16 (29)

0 (0)

2 (4)

0 (0)

0 (0)

0 (0)

0 (0)

26 (79)

4 (12)

4 (12)

0 (0)

2 (6)

4 (12)

10 (30)

0 (0)

0 (0)

0 (0)

2 (6)

7 (21)

0 (0)

1 (3)

6 (18)

4 (12)

0 (0)

4 (12)

0 (0)

17 (50)

5 (15)

3 (9)

0 (0)

2 (6)

4 (12)

1 (3)

0 (0)

0 (0)

0 (0)

2 (6)

13 (38)

0 (0)

2 (6)

11 (32)

MOS-20 GAQ2.0
(N=33)
(N=34)

0 (0)

0 (0)

0 (0)

0 (0)

11 (65)

1 (6)

1 (6)

1 (6)

2 (12)

3 (18)

2 (12)

0 (0)

0 (0)

1 (6)

0 (0)

6 (35)

0 (0)

2 (12)

4 (24)

TIQ-20
(N=17)

14 (20)

13 (19)

1 (1)

0 (0)

38 (55)

4 (6)

1 (1)

3 (4)

4 (6)

6 (9)

17 (25)

2 (3)

0 (0)

1 (1)

0 (0)

17 (25)

1 (1)

3 (4)

13 (19)

AIMS
(N=69)

0 (0)

0 (0)

0 (0)

0 (0)

22 (73)

0 (0)

20 (67)

0 (0)

0 (0)

0 (0)

1 (3)

0 (0)

1 (3)

0 (0)

0 (0)

8 (27)

2 (7)

2 (7)

4 (13)

RA-WIS
(N=30)

35 (11)

15 (5)

18 (6)

2 (<1)

207 (67)

18 (6)

37 (12)

4 (1)

20 (6)

35 (11)

72 (23)

2 (<1)

3 (1)

2 (<1)

14 (5)

67 (22)

3 (1)

12 (4)

52 (17)

Total
(N=309)

ICF first level categories. b ICF components include Body Functions, Activities and Participation, and Environmental Factors. The component Body Structures

2 (3)
13 (22)

Environmental factors

e1 Products and technology

Environmental factors

Total Activities and Participation

0 (0)

0 (0)
0 (0)

2 (17)
0 (0)

7 (12)
0 (0)

d6 Domestic life

d7 Interpersonal interactions and
relationships

d8 Major life areas

9 (75)
1 (8)

18 (31)
15 (25)

d4 Mobility

d5 Self-care

d9 Community, social and civic life

0 (0)

0 (0)
0 (0)

d2 General tasks and demands

d3 Communication

0 (0)

2 (3)
0 (0)

Activities and participation

d1 Learning and applying knowledge

0 (0)

0 (0)

0 (0)

0 (0)

SF-36v2
(N=55)

Questionnaire; AIMS, Arthritis Impact Measurement Scales; RA-WIS, Rheumatoid Arthritis-Work Instability Scale

item version 2; MOS-20, Medical Outcomes Study 20-item Short Form Health Survey; GAQ, Gout Assessment Questionnaire; TIQ-20, 20-item Tophus Impact

was not represented. HAQ-DI, Health Assessment Questionnaires-Disability Index; HAQ-II, Health Assessment Questionnaires-II; SF-36v2, Short Form-36

a

0 (0)

Total Body Functions

Activities and participation

0 (0)

b7 Neuromusculoskeletal and movementrelated functions

0 (0)
0 (0)

b1 Mental functions

b2 Sensory functions and pain

Body Functions

HAQ-DI HAQ-II
(N=59) (N=12)

6

ICF categorya grouped per componentb

Supplemental material 3: Content of the multi- and unidimensional scales used in gout outcome

studies according to the International Classification of Functioning (ICF) framework, given as the

number, N, and percentage (%) of total health concepts measured.
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Development and validation
of a patient-reported gout
attack intensity score for use
in gout clinical studies

Carly A. Janssen, Martijn A.H. Oude Voshaar, Peter M. ten Klooster, Harald E. Vonkeman,
Mart A.F.J. van de Laar

Rheumatology. 2019; [Epub ahead of print]
Doi: 10.1093/rheumatology/kez064

ABSTRACT
Objective. Inflammation-related symptoms such as pain, swelling and tenderness of the
affected joint are frequently assessed using 5-point diary rating scales in gout clinical trials.
Combining these into a single gout attack symptom intensity score may be a useful summary
measure for these data, which is potentially more responsive to change compared with the
individual components. The objective of this study was to develop a patient-reported gout
flare intensity score, the Gout Attack Intensity Score (GAIS), for use in clinical studies, that
includes components for gout-related pain, swelling and tenderness.

Methods. Data from a randomized controlled trial comparing anakinra to standard of
care for the treatment of acute gout attacks were used for this study. A 7-day flare diary
was completed by patients, including questions relating to intensity of pain, swelling and
tenderness (5-point rating scales). Scalability of these items was assessed using Mokken
Scale Analysis, and reliability using greatest lower bound reliability coefficients. Knowngroups validity was evaluated, as well as the responsiveness to change and the presence
of floor and ceiling effects.

Results. Scalability of the single items was supported, and GAIS scores were reliable
(greatest lower bound >0.80). GAIS scores demonstrated responsiveness to change
with high effect sizes (>0.8), and discriminated better between responders and nonresponders compared with its single-item components. No floor and ceiling effects
were found.

Conclusion. The GAIS seems to be a reliable and responsive instrument for assessing
7

patient-reported gout attack intensity that may be used in gout clinical studies.

Key Messages.
-

The Gout Attack Intensity Score assesses gout flare symptom intensity in clinical
studies.

-

The Gout Attack Intensity Score includes components for patient-reported pain,
swelling and tenderness.

-

The Gout Attack Intensity Score is a reliable, responsive instrument for assessing
gout flare intensity.
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INTRODUCTION
In gout clinical studies, flare diaries are often administered to patients to assess the
severity of the various symptoms they may experience as a result of their gout attack [1–4].
Such diaries typically include 5-point rating scales that ask patients to rate the intensity
of their joint pain, joint swelling and joint tenderness [5]. Despite their popularity in study
protocols and the endorsement of the individual symptoms as relevant outcome domains
by the Outcome Measures in Rheumatology (OMERACT) Gout Working Group, reports
of clinical trials in gout rarely present outcomes for symptoms other than pain in the
main paper [6,7]. Possibly, this is because the different individual symptom measures are
considered to provide somewhat redundant information, or because limited evidence is
currently available with respect to the validity of these scores [8].
Combining the individual scores of each symptom rating scale included in a gout attack
diary (i.e. pain, swelling, tenderness) may summarize the information provided by the
individual rating scales into a single score that represents a patient’s overall level of
gout attack intensity. In addition, combining information from multiple rating scales that
assess a single latent variable also serves to reduce the contribution of measurement
error to the variability of the scores. This should theoretically increase the ability of the
combined score to measure change over time and to discriminate between responders
and non-responders, relative to the individual rating scales. This notion is supported by
a previous study which already showed that more reliable results can be obtained with
composite scores including two to nine pain intensity items, compared with a single
24-h recall pain intensity item, using data from a published randomized controlled
clinical trial [9].
7

In the current study we propose a new three-item Gout Attack Intensity Score, referred
to as the GAIS, for use in flare diaries in clinical trials or observational studies in patients
with acute gout attacks, and evaluate its measurement properties.

METHODS
Study database
Data obtained during an investigator-initiated randomized, double blinded, double
dummy, active placebo-controlled non-inferiority trial carried out in The Netherlands
across seven rheumatology clinics were used for this study (NTR5234) [10]. In short, adult
patients with crystal-proven acute gout attacks recruited between February 2016 and
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February 2018 were randomized to treatment with the interleukin-1 inhibitor anakinra,
or to treatment with usual care (colchicine, non-steroidal anti-inflammatory drug or
corticosteroids) for the treatment of their acute gout attack. Results of this study showed
that anakinra was non-inferior to standard of care in the treatment of acute gout flares.
Patients were asked to fill in a 7-day flare diary starting at baseline (day 1), including items
about perceived pain [5-point rating scale and 10-point numeric rating scale (NRS)],
tenderness (5-point rating scale), swelling (5-point rating scale), treatment response
(8-point rating scale) and their global assessment of overall wellbeing [patient global
assessment (PGA)] (10-point NRS). For the present study, PGA scores were recoded so
that higher scores represent worse wellbeing. A copy of the flare-diary including all its
items is included in Supplemental Material 1. At day 1 and day 7, levels of C-reactive
protein (CRP) were measured. The study was performed in accordance with the
Declaration of Helsinki and was approved by both an independent ethics committee
and the institutional review board of each participating centre. All participants provided
written informed consent.
For the current study, we used the daily data of the 7-day flare diary of patients in both
treatment groups. The GAIS was obtained by taking the mean of the patient-reported
5-point rating scale pain, rating scale swelling and rating scale tenderness. Since the
GAIS contains only three items, only patients who had no missing values for the three
single items used to calculate the GAIS were included.

Scaling properties
Scaling properties were examined using the model of monotone homogeneity (MMH),
7

using the Mokken package in R×64 version 3.4.2. The MMH is a non-parametric item
response theory model. The model is based on the assumption that there exists a latent
variable (θ) on which a scale’s items as well as the persons responding to the items can be
ordered. The model can be considered a probabilistic version of polytomous Guttman
scaling (PGS). In PGS, each item with m response categories is broken down into m-1
item steps, which represent the location on the latent variable where the probability
that a person selects the higher of two adjacent response categories jumps from 0 to 1.
Violations of the Guttman model, or Guttman errors, occur if a patient endorses an item
step that has a higher location on the latent variable compared with another item step
that this patient fails to endorse. In the MMH, the probability that a person will select
the higher of two adjacent response categories does not jump from 0 to 1 at a particular
location on the latent variable, like in PGS, but is instead described for different values
of the latent variable by the item step response functions (ISRF). ISRF are defined as
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P(Χi ≥ χi|θ, where Χi is a random variable that refers to the score on item i, which takes
on values: χi = 0,.. m.

The MMH applies if 1) all i items in a scale measure the same latent variable, i.e. the
scale is unidimensional and 2) the ISRF are monotonically non-decreasing throughout
the latent variable

[11]

. If the model applies, it supports that higher scores on the scale

reflect a higher level of gout attack intensity.
Monotonicity was tested by inspecting plots of the ISRF of each item (e.g. swelling) over
the summed score continuum of the two remaining items (e.g. pain and tenderness).
Deviations from monotonicity were statistically tested, using group sizes of 5, 10 and
20, with the check.monotonicity function of the Mokken R package. Monotonicity was
considered to apply if the plots of ISRF were non-decreasing, the number of statistically
significant deviations from monotonicity were zero and the magnitude of the violations,
as indicated by the crit statistic (critical value for model violations statistic) was ≤ 40 [12].
Unidimensionality was tested using Loevinger’s scalability coefficients, which take on
lower values as the number of Gutmann errors increase. Both item-level scalability (Hi),
as well as scale-level scalability coefficients (H) were assessed. Scale-level scalability
coefficients between 0.30 and < 0.40 suggest weak scalability, between 0.40 and < 0.50
suggest a moderate scale and ≥ 0.5 suggests a strong scale

[13,14]

. A lower bound of 0.3

was considered the cut-off point for item-level scalability, according to a rule of thumb
[15]

. Data from each day of the gout flare diary were used for the analyses.

Reliability
Reliability of the GAIS observed on days 1–7 was assessed using greatest lower bound
(GLB) coefficients, since this statistic has been shown to yield a more realistic estimate
of the lower bound value for test reliability compared with the more frequently applied
Cronbach’s alpha

[16]

. For tests with small numbers of items, such as in our study, GLB

has been shown to be relatively unaffected by sampling bias, even with small sample
sizes

[17]

. Reliability coefficients of 0.80 were considered to be satisfactory for use in

clinical research settings [18]. The Psych and Rcsdp package of the statistical programme
R×64 version 3.4.2 and Rstudio were used for the reliability analyses. The inter-item
covariance matrix was obtained in SPSS Version 22.

Validity
Known-groups validity was examined by determining whether groups with different levels of
self-reported treatment response could be distinguished based on their scores on the GAIS,
joint swelling, joint tenderness, pain and PGA, at baseline. For this analysis, we partitioned
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the total sample in two groups based on their level of self-reported treatment response:
patients who scored within the range of 1 (completely resolved) to 4 (somewhat improved)
were considered responders, and patients who scored in the range 5 (unchanged) to 8 (very
much worse) were considered non-responders. Score differences between responders
and non-responders were compared using one-way analysis of variance in SPSS, version
22. It was expected that patients who reported having a poorer treatment response (nonresponders) would have significantly higher scores on all the instruments compared with
the responders. To compare the discriminative ability between different instruments, the
relative efficiency (RE) of each instrument was compared with that of the GAIS

. It was

[19]

hypothesized that the discriminative ability of the GAIS would be greater than that of the
single items of which it consists, represented by a higher RE.

Responsiveness and sensitivity to change
Responsiveness to change was compared between different instruments by calculating
Cohen’s d effect sizes (ES) as [mean day 1 – mean t days]/pooled standard deviation
(SD). In the analyses, only cases for whom on both day 1 and day 5 (or day 1 and day 7
for CRP) data were available for each instrument were included. In calculating the ES
for CRP, log-transformed data were used. An ES of 0.2 was considered a small effect,
0.5 a moderate effect and 0.8 a large effect

[20]

. Since anti-inflammatory treatment at

recommended dosages was administered to all patients, and gout attacks are generally
known to have a self-limiting course of limited duration, we expected to observe large
improvements in clinical status over time, and thus large effect sizes for all instruments.
Analyses were done using SPSS, version 22, and Microsoft Excel.

Floor and ceiling effects
7

Floor (ceiling) effects, defined as the proportions of patients scoring the worst (best)
possible score were compared between the GAIS and the individual component scores,
the NRS pain and the NRS PGA of the gout flare diary, at baseline. We hypothesized that
ceiling effects (lowest possible score) would be absent for all instruments, considering
that at baseline, gout attack symptoms would be expected to be at their worst. Floor or
ceiling effects were considered to be problematic in case >15% of patients scored the
worst or best possible score, respectively [21]. Analyses were done using SPSS, version 22.

RESULTS
Baseline population
A total of 88 patients were enrolled in the study. The baseline population consisted
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predominantly of middle-aged men suffering from mono-articular gout. Other baseline
characteristics of the entire sample are listed in Table 1. At baseline, 76 (86%) patients
completed the gout flare diary. For the following days, diaries for which the summed
score could be calculated were available for 82, 85, 83, 86, 79 and 82 patients on days
2–7, respectively.

Table 1: Baseline characteristics
Score range
of measure

Value

Age, years, mean ± SD

-

61.6 ± 12.8

88

Male sex, n (%)

-

83 (94.3)

88

Characteristic

BMI, kg/m2 , mean ± SD

N

-

29.1 ± 4.1

86

Systolic blood pressure, mm Hg, mean ± SD

0-999

143.3 ± 22.9

79

Diastolic blood pressure mm Hg, mean ± SD

0-999

85.2 ± 14.5

80

0-9

0.51 (0.44, 0.59)

82

0-999

15.0 (6.0, 32.0)

82

1-5

3.67 (3, 4)

76

SUA, mmol/L, median (Q1, Q3)
CRP, mg/L, median (Q1, Q3)
GAIS, median (Q1, Q3)
5-point rating scale pain, median (Q1, Q3)

1-5

4 (3, 4)

76

5-point rating scale tenderness, median (Q1, Q3)

1-5

4 (3, 4)

76

5-point rating scale swelling, median (Q1, Q3)
NRS pain, mean ± SD
Number of gout attacks in previous ≤ 12 months, median
(Q1, Q3)
Intermittent gout, n (%)a

1-5

3 (3, 4)

76

0-10

6.47 ± 1.70

76

0-999

3.0 (1.0, 4.0)

88

-

71 (80.7)

88

Gout classificationb, n (%)
Monoarticular

-

53 (60.2)

88

Oligoarticular

-

28 (31.8)

88

Polyarticular

-

7 (8.0)

88

Comorbidities, n (%)
Diabetes Mellitus

-

8 (15.1)

53

Hypertension

-

27 (50.9)

53

Cardiovascular disease

-

29 (54.7)

53

Renal disorders

-

5 (9.4)

53

Musculoskeletal diseasec

-

10 (18.9)

53

Gastrointestinal disorders

-

10 (18.9)

53

Neurological disorders

-

4 (7.5)

53

SD, standard deviation; BMI, body mass index; SUA, serum urate acid; CRP, C-reactive protein; GAIS, gout attack
intensity score; NRS, numeric rating scale; N, total number of patients; Q1/Q3, first and third quartile respectively.
a

Compared to patients having chronic gout.

b

Monoarticular implies one joint has been affected by gout; oligoarticular > 1 but < 5 joints have been affected by

gout; polyarticular ≥ 5 joints have been affected by gout.
c

Diseases other than gout.
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Scalability
The item-level scalability coefficients (Hi) for pain, tenderness and swelling were all
greater than the lower bound cut-off value of 0.3 for days 1 through 7, ranging from 0.61–
0.83, 0.63–0.84 and 0.44–0.75, respectively (Table 2). Scale-level scalability coefficients
for the GAIS revealed strong unidimensionality (H ≥ 0.50), with H coefficients ranging
from 0.56–0.80 across the seven days. Statistical testing of monotonicity showed no
significant deviations from zero at group sizes 5, 10 and 20 for days 1 through 7, as
well as no critical values > 40. These results support that the ISRFs and the expected
mean items score were monotonically increasing over the latent variable (Table 2 and
Supplemental Material 2). This was also confirmed by visual inspection of the ISRF plots.
Overall, the results of the Mokken scaling analysis support the conclusion that all items
relate to the same latent variable, and that higher scores on GAIS indicate a higher level
of gout attack intensity.

Reliability
The median reliability coefficient for days 1–7 was 0.84, with GLB coefficients ranging
between 0.78 and 0.91. Only one GLB was < 0.80. These results suggest that scores on
the GAIS are generally sufficiently reliable for use in clinical trials (Table 2).

Table 2: Scalability and reliability coefficients, of the single-component items and GAIS
Unidimensionality, H (SE)
Item level

7

a

Tenderness Swelling

Monotonicitya
Scale level
GAIS

Reliabilityb

Day N

Pain

Pain

Tenderness Swelling

1

76

0.61 0.63 (0.07)
(0.07)

0.44 (0.10) 0.56 (0.07)

0 (0)

0 (28)

0 (17)

0.78

2

82

0.67 0.73 (0.05)
(0.06)

0.62 (0.07) 0.68 (0.06)

0 (0)

0 (0)

0 (0)

0.83

3

85

0.66 0.72 (0.06)
(0.08)

0.59 (0.09) 0.66 (0.07)

0 (0)

0 (0)

0 (0)

0.80

4

83

0.71 0.69 (0.06)
(0.07)

0.64 (0.07) 0.68 (0.06)

0 (0)

0 (0)

0 (0)

0.84

5

86

0.83 0.81 (0.05)
(0.05)

0.75 (0.07) 0.80 (0.05)

0 (-2) 0 (0)

0 (0)

0.89

6

79

0.78 0.76 (0.05)
(0.05)

0.70 (0.07) 0.75 (0.05)

0 (0)

0 (0)

0 (0)

0.88

7

82

0.83 0.84 (0.04)
(0.05)

0.72 (0.07) 0.80 (0.05)

0 (0)

0 (0)

0 (0)

0.91

Given as the number of statistical significant deviations from monotonicity (critical value for violations), at

group size = 10. b Reliability coefficient, r, according to the greatest lower bound. H: scalability coefficient for
item-level scalability (Hi), and scale-level scalability (H) ; SE, standard error; N, sample size; GAIS, gout attack
intensity score
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Validity
All instruments, with the exception of the NRS PGA, were able to significantly (p < 0.05)
discriminate between the two groups of self-reported treatment response, showing
mean scores in the non-responders group that were higher than the responders for
all instruments, as hypothesized (Table 3). As expected, the RE of the single items pain
(0.41), swelling (0.81) and tenderness (0.66) were all lower than the GAIS (1.00), implying
the GAIS had a greater discriminative ability. Only the NRS pain had a higher RE than
the GAIS, which makes this instrument a more suitable instrument for discriminating
between the groups when solely measuring pain.

Table 3: Ability of instruments to discriminate between difference groups of self-reported
treatment response
Groups of treatment response on day 1
Instrument

Non-responders (N=44),
mean ± SD

Responders (N=27),
mean ± SD

F

3.69 ± 0.64

3.10 ± 0.66

13.92*

1.00

Joint pain

3.66 ± 0.78

3.22 ± 0.70

5.72*

0.41

Joint tendernessa

3.80 ± 0.85

3.15 ± 0.91

9.20*

0.66

Joint swellinga

3.61 ± 0.87

2.93 ± 0.78

11.31*

0.81

NRS joint painb

7.11 ± 1.38

5.56 ± 1.55

19.32*

1.39

NRS PGAb

5.68 ± 2.09

4.85 ± 1.35

3.39

0.24

GAIS
a

a

RE

Measured on a 5-point rating scale. A 10-point scale. significant at P < 0.05. GAIS, gout attack intensity score;
b

*

NRS, numeric rating scale; PGA, patient global assessment; SD, standard deviation; F, F-statistic from one-way
analysis of variance; RE, relative efficiency (ratio of F-statistics compared with the GAIS).

Responsiveness, and floor and ceiling effects

7

As expected, after 5 days improvements were seen in mean scores on all the variables,
with all ES being > 0.8. Notably, the sensitivity to change of the GAIS (2.32) was greater
compared with other single-item instruments, and only the NRS pain had a slightly
higher ES of 2.40 (Table 4). CRP proved to be the weakest measure of change, although
the improvement still constituted a large effect (> 0.8).
At baseline, no floor effects, defined as > 15% of patients with the worst possible score,
were observed for the GAIS (1.3%), or for its component scores pain (6.6%), tenderness
(13.2%) and swelling (10.5%). Floor effects were also largely absent for the NRS pain and
NRS PGA, with 2.6% and 0%, respectively. As expected, ceiling effects were absent (0%)
for the GAIS, rating scale pain, rating scale swelling, NRS pain and the NRS PGA, and was
only 3.9% for the rating scale tenderness.
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Table 4: Responsiveness to change of self-reported measures between day 1 and day 5
N

Mean change ± SDa

ES

GAIS

74

1.60 ± 0.70

2.32

Joint painb

74

1.66 ± 0.75

2.21

Joint swellingb

74

1.49 ± 0.84

1.76

Joint tenderness

74

1.66 ± 0.85

1.95

NRS joint painc

74

4.37 ± 1.82

2.40

NRS PGAc

74

2.50 ± 2.12

1.18

CRPd

71

1.12 ± 1.20

0.94

b

a

Pooled standard deviation (SD). b Measured on a 5-point rating scale. c A 10-point scale. d Calculated using log-

transformed CRP values. GAIS, gout attack intensity score; ES, effect size; PGA, patient global assessment; NRS,
numeric rating scale; CRP, C-reactive protein.

DISCUSSION
In this study we propose a simple, patient-reported gout attack symptom intensity
score (GAIS) for use in gout clinical trials. We aimed to develop a new score that includes
information that is already frequently collected in clinical trials, with the hope that future
studies will report more comprehensive data on gout attack symptom intensity, besides
pain alone. Also, by providing a standardized approach to assessing and scoring these
gout-related symptoms, it may be easier to compare outcomes across different studies.
Results of our study suggest that combining the single-item components joint pain,
swelling and tenderness into an average score, GAIS, yields reliable scores and leads to a
more responsive instrument to assess patient-reported gout attack intensity compared
7

with the individual rating scales it is composed of. In fact, responsiveness of the GAIS
was rather similar to the NRS pain, which is usually the most responsive instrument in
gout clinical trials [8]. Furthermore, the results of our Mokken scaling analysis support the
proposed GAIS scoring rule of simply summing the individual rating scales. Specifically,
these findings imply that the GAIS may be interpreted as an ordinal scale. That is,
patients can be rank-ordered with respect to the degree of gout attack intensity they
experience using the GAIS total score.
As expected, GAIS was able to better discriminate responders from non-responders,
compared with its single-item components. This property is of special importance in
clinical trials where the objective is usually to differentiate treatment groups by their
level of achieved response. Therefore, our results suggest that researchers intending
to use the 5-point pain rating scale as a primary endpoint in their studies, which is
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not uncommonly done, may consider the GAIS instead [1,3,22,23]. This would allow for a
more comprehensive assessment of gout attack-related symptoms, and would allow
treatment effects to be demonstrated using a smaller numbers of patients.
The current study is also among the first to report on the psychometric properties of all
three patient-reported individual symptom rating scales of pain, tenderness and swelling.
Thus far, only one previous study examined the measurement properties of the patientreported 4-point Likert scale pain using data from four randomized controlled trials and
one observational study [8]. From this study it was concluded that the construct validity
and discriminative ability, both the within-group and between-group discrimination, of
the 4-point Likert scale pain measure was supported by sufficient evidence. However,
in the same study, only instruments assessing physician-reported joint swelling and joint
tenderness on a Likert scale were evaluated, while no information for these outcomes
assessed by patients were available. In fact, as far as we know, no previous study has
done an evaluation of the psychometric properties of self-reported joint swelling and
tenderness.
The GAIS is not the first patient-reported outcome measure developed specifically
for the gout population. Besides the Tophus Impact Questionnaire

[24]

, Colwell et al.

developed the Gout Assessment Questionnaire (GAQ), followed by a second version of
this instrument, the GAQ 2.0, by Hirsch et al. [25–27]. The GAQ 2.0 aims to retrospectively
assess the impact of gout on health-related quality of life. It also includes two NRS that
aim to assess pain and disease activity over the last 4 weeks. As such, it is particularly
well suited for cross-sectional studies or to assess change over a relatively longer period
of time. The GAIS on the other hand is intended to be administered during a gout attack
to collect daily prospective information on gout flare symptom intensity, as part of a gout
flare diary. Its intended purpose is to help assess effectiveness of anti-inflammatory
treatments in clinical trials or observational studies in patients with acute gout attacks.
A strength of this study is that strict selection criteria were maintained for the trial.
Also, only patients with crystal-proven gout, the diagnostic gold-standard for gout, were
included. However, this study also had some limitations, including the relatively small
sample size. Moreover, most patients were recruited from the rheumatology department
at hospital centres in the Netherlands. Therefore, whether these results will hold for
populations in, for example, primary care where generally less severe gout patients are
seen, remains to be determined in future studies. Another limitation of this study was
that we were not yet able to relate GAIS scores to other well-known instruments such
as the Health Assessment Questionnaire. Future studies will be needed to demonstrate
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that GAIS scores relate to these measures in expected ways to further support its
construct validity.
In conclusion, the present study introduces the GAIS, an average score of three patientreported outcome measures, that may be used in clinical studies for assessing gout
attack symptom intensity. The GAIS seems to be a reliable and responsive instrument
that represents the intensity of gout attacks by considering patient-reported joint pain,
tenderness and swelling.
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SUPPLEMENTAL MATERIAL
Supplemental material 1: Gout Flare Diary
The gout flare diary consist of two parts.
The first part (items 1-3) form the Gout Attack Intensity Score (GAIS). The remaining questions of the
flare diary (items 4-6) provide additional patient-reported information on treatment response (item
4), pain (item 5), and a patient’s global assessment of overall well-being (item 6).
Part I: GAIS
The GAIS score is obtained by taking the mean of the summed scored of items 1-3 below. Scores
range from 1-5 for each item below as listed by the response options.
1.

How much pain is your gout causing you today? (colour in one box completely)
£ 1 No pain
£ 2 Mild pain
£ 3 Moderate pain
£ 4 A lot of pain
£ 5 Extreme pain

2.

How tender to the touch are the gout-affected parts of your body today? (colour in one
box completely)
£ 1 Not tender
£ 2 Slightly tender
£ 3 Fairly tender
£ 4 Very tender
£ 5 Extremely tender

3.

How swollen are the gout-affected parts of your body today? (colour in one box completely)
£ 1 Not swollen
£ 2 Somewhat swollen
£ 3 Fairly swollen
£ 4 Very swollen
£ 5 Extremely swollen

Part II: Other, single-item, instruments included in the gout flare diary
Items 4-6 are scored according to the scores as listed in the response options of each single-item.
4.

How do you think your symptoms have changed since the beginning of this gout flare?
(colour in one box completely)
£ 1 Completely disappeared
£ 2 Very much improved
£ 3 Much improved
£ 4 Somewhat improved
£ 5 Unchanged
£ 6 Slightly worse
£ 7 Much worse
£ 8 Very much worse
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Supplemental material 1 continued.
5.

6.

How much pain is your gout causing you today? (colour in one box completely)
Absolutely no pain 0 1 2 3 4 5 6 7 8 9 10 Unbearable pain

Taking into account all of the ways your gout is affecting you today, how are you feeling?
(colour in one box completely)
Very bad 0 1 2 3 4 5 6 7 8 9 10 Very good

Supplemental material 2: Deviations from monotonicity statistically tested at different group sizes
across 7 days.

a

Monotonicity a at group size 5

Monotonicity a at group size 20

N

Pain

Tenderness

Swelling

Pain

Tenderness

Swelling

Day 1

76

0 (32)

0 (40)

0 (34)

0 (0)

0 (13)

0 (0)

Day 2

82

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Day 3

85

0 (0)

0 (0)

0 (2)

0 (0)

0 (0)

0 (0)

Day 4

83

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Day 5

86

0 (-2)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Day 6

79

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Day 7

82

0 (0)

0 (0)

0 (35)

0 (0)

0 (0)

0 (0)

Given as the number of statistical significant deviations from monotonicity (crit-statistic)

7
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ABSTRACT
Objectives. To assess the cost-effectiveness of various combinations of urate lowering
therapy (ULT) and anti-inflammatory treatment in the management of newly diagnosed
gout patients, from the Dutch societal perspective.

Methods. A probabilistic patient-level simulation estimating costs and qualityadjusted life years (QALYs) comparing gout and hyperuricemia treatment strategies was
performed. In this Markov Model pain was the main determinant of both QALYs and
costs, with disutilities assigned to patients who failed to reach the serum urate (SUA)
target (< 0.36 mmol/L). Patients faced a daily risk of a gout flare, with a higher risk for
patients who failed to achieve the SUA target value. Health states were no flare, and
severe pain, mild pain, moderate pain, or no pain in the presence of a flare. Model
input was derived from patient level clinical trial data (i.e. SF-6D utility, indirect costs
in €, pain transition probabilities), meta-analyses or from previously published healtheconomic evaluations. The results of probabilistic sensitivity analyses were presented
using incremental cost-effectiveness ratios (ICERs), and summarized using costeffectiveness acceptability curves (CEAC). Scenario analyses were performed for gout
patients not necessarily experiencing a gout flare at model entry, and for patients with
a higher daily flare probability.

Results. In the base case, the ICER for allopurinol versus no ULT was €1,381, when
combined with naproxen. Febuxostat yielded the highest utility, but also the highest
costs (€4,385 vs. €4,063 for allopurinol), resulting in an ICER of €25,173 when compared
to allopurinol. No ULT was not cost-effective, yielding the lowest utility. For the gout flare
medications, comparable effects on utility were achieved. Combined with febuxostat,
naproxen was the cheapest option (€4,404), and anakinra the most expensive (€4,651).
The ICER of anakinra compared to naproxen was €818,504. Colchicine and prednisone
were dominated by naproxen. Results of the scenario analyses did not change the
8

conclusions drawn from comparison of ULT and anti-inflammatory treatment.

Conclusion. Allopurinol and febuxostat were both cost-effective compared to No
ULT. Febuxostat was cost-effective in comparison with allopurinol at higher willingnessto-pay thresholds. For treating acute gout flares, colchicine, naproxen and prednisone
offered comparable health economic implications, although naproxen was the favoured
option.
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INTRODUCTION
Gout is an inflammatory response to the presence of hyperuricemia induced monosodium
urate (MSU) crystals within the synovial fluid of joints and tissues. It is the most common
cause of inflammatory arthritis in men, and reports have shown the burden of gout
to be rising [1]. Gout attacks are characterized by rapid onset of severe pain and may
have a considerable impact on patient’s ability to work and function in other social
roles [2,3]. Typically, gout attacks resolve within 5-7 days with effective anti-inflammatory
treatment. Recurrent attacks, and the development of chronic, inflammatory gout, may
be prevented by effective urate lowering therapy (ULT) aimed at lowering serum urate
(SUA) levels below the saturation point for crystal formation [4]. In light of the increasing
burden of gout, the importance of optimizing treatment and management of gout at
various levels, including patient, community and national, is emphasized.
Various safe and effective therapies are available for the treatment of both gout
attacks and hyperuricemia. Allopurinol and febuxostat are currently recommended
first-line ULT agents

[5]

. Colchicine, non-steroidal anti-inflammatory drugs (NSAIDs) and

glucocorticosteriods are all first-line treatment options for treating acute gout flares
[6]

. Besides these traditional synthetic medications, targeted biological medications, in

particular interleukin-1 (IL-1) inhibitors, including anakinra and canakinumab, have been
investigated in recent clinical trials for treating gout flares [7,8]. IL-1 inhibition is currently
recommended as a second-line treatment option for managing gout flares [5,6].
Due to its high prevalence and this increasing use of expensive medications, the health
economic implications of novel therapeutic strategies are important to consider when
deciding on optimal treatment approaches for patients with gout and hyperuricemia [9].
Health economic decision models that have thus far been developed to support such
decision making are mainly concerned with the comparison of various ULTs [10–12]. Although
some models do account for acute gout flares by assigning disutilities, the effects and
costs of anti-inflammatory treatments are not explicitly considered in addition to or
instead of ULT. However, with the introduction of new, more costly and potentially more
effective treatments for treating acute gout flares, simultaneously evaluating outcomes
of ULT and anti-inflammatory medications becomes more relevant. In the present study
we introduce a new modelling framework for gout, in which the costs and effects of
treatment strategies with continuous ULT and anti-inflammatory medications for acute
gout flare can be assessed.
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METHODS
For this study, model-based cost-effectiveness analysis was performed from the societal
perspective, in which first-line ULT agents for hyperuricemia (i.e. allopurinol, febuxostat,
no ULT), as well as first-line (i.e. colchicine, naproxen and prednisone) and second-line
(i.e. anakinra) treatment options for acute gout flares were compared. Analyses were
performed from a Dutch perspective. The Dutch Willingness To Pay (WTP)-threshold is
not strictly defined and can be calculated based on disease burden. The Consolidated
Health Economic Evaluation Reporting Standards (CHEERS) statement was followed in
reporting the results of this cost-effectiveness analysis.

Markov Model
A Markov Model (TreeAge™) was developed to simulate and compare outcomes of
various ULT and anti-inflammatory treatment combinations for hyperuricemia and gout
flares, respectively (Fig. 1). For the present study the time horizon was one year with
a cycle length of one day. Due to the nature of the available data for anakinra and the
absence of long-term effects of gout in the model a much longer horizon would not
be appropriate. The model considered the one-year course of newly diagnosed gout
patients, receiving treatment for their acute gout flare, and who initiated ULT while
experiencing a gout flare, reflecting a care path commonly applied for these gout
patients in clinical practice. Upon entry in the model, patients were assigned a fixed
dose of ULT, with either allopurinol (at 200 mg or 300 mg), or febuxostat 80 mg, or
no ULT, based upon available data from the literature. The probability that the patient
achieved the SUA target, defined as achieving a SUA level < 0.36 mmol/L, depended
on the specific ULT. After it had been determined if a simulated patient would have
SUA levels on target (< 0.36 mmol/L) or not on target (≥ 0.36 mmol/L) for the duration
of the simulation, patients experienced a daily risk of having a gout flare. Patients with
SUA levels not on target had a higher daily flare risk. When a gout flare was triggered,
patients transitioned for seven days between four mutually exclusive pain states (i.e. no
8

pain, mild pain, moderate pain, severe pain) according to transition probabilities defined
for each gout flare treatment option. Treatment options included in the model for acute
gout flares were colchicine, naproxen, prednisone and anakinra. Dosages were in line
with the dosages as used in the clinical studies used as data sources

[8,13]

. No switching

between ULT drugs, or medication for acute gout flares, were allowed in the model
during the time horizon. Costs and quality-adjusted life years (QALYs) over one year were
recorded for all strategies.
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Fig. 1 Model structure
ULT, urate lowering therapy; SUA, serum urate. * Probabilities depend on type of ULT; ** Probabilities depend
on SUA status; *** Probabilities depend on gout flare medication; • The remainder of the model structure is the
same as for the SUA ≥ 0.36 mmol/L branch

Analyses
We employed probability sensitivity analyses (PSA) with 2000 x 200 model replications to
take uncertainty around the point estimates of the model parameters into account. The
results were summarized using cost-effectiveness acceptability curves (CEACs). Costs
were discounted at 4%, utility was discounted at 1.5%, in concordance with the Dutch
costing manual

[14]

. The WTP thresholds in the Netherlands are not explicitly set, but lie

between €10,000 and €80,000 per QALY [15].

Model Inputs
All parameters used as input for the model, as well as the data source from which they
were estimated, are listed in Table 1 and Table 2. For each input parameter, various
distributions were fitted to the observed data. Chi-squared and Anderson Darling fit
statistics were used to evaluate goodness of fit. Uncertainty regarding elements of the
various transition matrices were expressed using Dirichlet distributions.
Efficacy of ULT
ULT success was defined as achieving SUA level < 0.36 mmol/L. This SUA target level
is recommended by guidelines, supported by reports that have shown that SUA levels
below the target level of 0.36 mmol/L are associated with a decreased risk for gout flares

COST-EFFECTIVENESS OF COMBINATIONS OF URATE LOWERING THERAPY AND ANTI-INFLAMMATORY TREATMENT

|

147

8

[6,16]

. To generate model input, a meta-analysis was performed of ULT clinical trials, in

which achieving the SUA target of < 0.36 mmol/L was one of the endpoints. The indirect
adjusted comparison method, using febuxostat 40 mg as the reference treatment was
used to obtain efficacy estimates and associated standard errors adjusted for study
specific factors

[17]

. For all the placebo arms in the meta-analysis, the percentage of

patients achieving the target was zero percent. Therefore for all treatment strategies in
which patients do not use ULT it was assumed that no patient achieved the SUA target.

Table 1: Model input
Point
estimate

Parameter

Probability distribution

Source

Probability SUA on target (<0.36 mmol/L)
Allopurinol 200 mg

0.457

Beta (µ: 0.455, σ: 0.045)

[19]

Allopurinol 300 mg

0.480

Beta (µ: 0.478, σ: 0.027)

[20–22]

Febuxostat 80 mg

0.729

Beta (µ: 0.730, σ: 0.013)

[20,22–25]

No ULT

0.000

n/a

[26]

SUA on target with ULT

0.000716

Beta (µ: 0.999, σ: 0.002)

[12]

SUA not on target with ULT

0.001222

Beta (µ: 0.998, σ: 0.002)

[12]

SUA not on target with no ULT

0.001637

Beta (µ: 0.998, σ: 0.002)

[12]

No pain

0.86

Beta (α: 16.325, β: 3.076)

[8]

Mild pain

0.77

Beta (α: 10.942, β: 3.177)

[8]

Daily flare probability

Quality adjusted life days

Moderate pain

0.70

Beta (α: 12.696, β: 5.329)

[8]

Severe pain

0.61

Beta (α: 19.817, β: 12.877)

[8]

No pain

19.95

Exp/g (λ: 1.749 /α: 0.317, β: 3.623)a

[8,14]

Mild pain

32.39

Exp/g (λ: 1.081 /α: 0.493, β: 2.135)

[8,14]

Moderate pain

58.08

Exp/g (λ: 0.599 /α: 0.434, β: 4.149)a

[8,14]

Severe pain

134.32

Exp/g (λ: 0.259 /α: 0.291, β: 10.769)a

[8,14]

Colchicine

0.61

n/a

[27]

Naproxen

0.21

n/a

[27]

Prednisone

0.26

n/a

[27]

Anakinra

33.4

n/a

[27]

Allopurinol

0.13

n/a

[27]

Febuxostat

1.03

n/a

[27]

Daily other costs
a

Daily drug costs
8

ULT, urate lowering therapy; SUA, serum urate. a λ-parameter refers to Work Productivity and Activity Impairment
questionnaire (exponential distribution) and α and β refer to the healthcare resource utilization questionnaire
(gamma distribution).
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Flare probabilities
Daily flare probabilities were calculated from data derived from a previous health
economic model by Jutkowitz et al. 2014

[12]

. In that paper, annual flare probabilities

were given for patients on ULT with controlled SUA (< 0.36 mmol/L), for patients on ULT
with uncontrolled SUA (≥ 0.36 mmol/L), as well as annual flare probabilities for patients
not on ULT, with uncontrolled SUA (≥ 0.36 mmol/L).
Efficacy of flare treatment
Health states for patients experiencing a gout flare were defined using four pain
states (i.e. no pain, mild pain, moderate pain, severe pain), derived from a 4-point
pain rating scale that is commonly used as a primary endpoint in gout clinical trials.
Inverse variance weighted pain transition probabilities and their standard errors for
naproxen and prednisone were obtained by pooling seven day [8], and 90 hour [13] follow
up data from two clinical trials. For colchicine and anakinra, the probabilities were
obtained from the seven days follow up data of a single trial

[8]

. To avoid empty cells in

the transition matrices, due to data sparsity, a Bayesian approach was used in which a
transition matrix with 0.5 for each cell (i.e. noninformative prior) was combined with
the observed transition frequencies [18]. Dirichlet distributions were then fitted on the
resulting posterior distribution of transition probabilities in the PSA.

Table 2: Transition matrix for naproxen
End pain state (%)
Start pain state

No

Mild

Moderate

severe

No

91.46

6.09

1.21

1.21

Mild

13.28

80.44

4.42

1.85

Moderate

0.87

45.61

43.86

9.65

Severe

2.17

14.13

36.96

46.74

Utilities
Utility weights were estimated for each of the four pain related health states using data
obtained from the study by Janssen et al. 2019 [8]. The values of utility for each pain state
were calculated from the SF-6D. Since a Dutch tariff is unavailable, the SF-6D health
stages were valued with the UK tariff.
Costs
We included costs related to gout drug use, healthcare resource utilization and work
productivity loss due to gout and other reasons, in euros using Dutch price indices. The
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costs per day for each pain state were determined for all cost variables. The medication
costs for the appropriate dosages were derived from the official Dutch list prices [27], and
the cost per hour of foregone labour was retrieved from a report by The Netherlands
Organizaton for Scientific Research [28].
Healthcare resource utilization for each pain state was estimated using patient-reported
questionnaires obtained during a gout clinical trial, wherein patients were asked to
report the number of visits to general practitioners, outpatient clinics for specialized
caregivers, paramedical caregivers, but also the amount of household care that was
used, and diagnostic tests (i.e. echo, CT scan) undergone [8]. The costs for each of these
items were obtained from the 2015 Dutch Costing manual [14]. Outliers, defined as costs
deviating more than three standard deviations from the mean, were removed from the
healthcare utilization data.

Scenario analyses
Scenario analyses were performed for gout patients who did not experience a gout flare
at model entry, and for gout patients with severe gout. For the latter, the daily flare
chances were successively increased.

RESULTS
As the model used in this study incorporated treatment options for gout flares and
hyperuricemia, there were two types of medication (i.e. anti-inflammatory treatment
and ULT) compared in this study, resulting in many possible combinations. This section
will first focus on different ULT medications combined with naproxen. Hereafter, the
cost-effectiveness PSA results of different acute gout flare medication combined with
different ULT medication types, will be presented.

8

PSA Results ULT medication with naproxen as anti-inflammatory treatment
Table 3 shows the PSA results of three ULT medication types combined with naproxen.
No ULT was the cheapest option at €4,031.19. Allopurinol yielded more utility at a slightly
higher cost of €4,063.94. Compared with no ULT, allopurinol was cost-effective with
an incremental cost-effectiveness ratio (ICER) of €1,381.27. The most expensive option
was febuxostat (€4,385.40), also yielding the highest utility. Compared to allopurinol,
febuxostat had an ICER of €25,173. At a WTP-threshold of €25,173, this would be
considered cost-effective in The Netherlands. Fig. 2A displays the CEAC. At WTPthresholds below €25,173, allopurinol is the preferable option. At a WTP-threshold of
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approximately €25,000, there is a ~50% chance that allopurinol is cost-effective. At
WTP-thresholds above €25,173, the probability with which febuxostat is cost-effective
grows to ~100%, at a WTP of approximately €35,000. Results and implications were
similar when combining the ULT medication with any of the other acute flare medications.

Table 3: Probabilistic Sensitivity Analysis for urate lowering therapy combined with naproxen
No ULT + Naproxen

Costs (€)

Effects (QALY)

ΔC (€)

ΔE (QALY)

ICER (Δ€/Δ QALY)

4,031.19

0.78877

-

-

-

Allopurinol + Naproxen

4,063.94

0.81248

32.75

0.02371

1,381.27*

Febuxostat + Naproxen

4,385.40

0.82525

321.46

0.01277

25,173.06**

QALY, Quality adjusted life years; ICER, incremental cost-effectiveness ratio; ULT, urate lowering therapy; * ICER
for allopurinol versus No ULT; ** ICER for febuxostat versus allopurinol.

PSA Results comparing anti-inflammatory treatments with febuxostat as ULT
The different anti-inflammatory treatments had comparable effects on utility over 1
year when they were combined with febuxostat as ULT. PSA results showed that when
naproxen was combined with febuxostat, patients accrued an estimated 0.81 QALYs over
the course of 1 year. Larger differences between acute flare medication were seen in
costs. Naproxen combined with febuxostat was the cheapest option at an estimated
cost of €4,404,- per year. Colchicine and prednisone were slightly more expensive at
lower accrued utility. Anakinra was the most expensive anti-inflammatory medication.
Anakinra did yield higher utility than naproxen, but at an ICER of €818,504 comparing
anakinra to naproxen, both combined with febuxostat would not be considered costeffective in the Netherlands with WTP-thresholds ranging from €10,000 to €80,000.
The small differences in QALYs gained between acute flare medications (anakinra,
colchicine, naproxen, and prednisone) and higher incremental costs of anakinra over
the other medications were also reflected in the cost-effectiveness acceptability
curves (CEAC) (Fig. 2B). Naproxen had the highest probability of being cost-effective
across the full range of WTP-thresholds, ranging around 33%. As the WTP-threshold
increases to €80,000, the probability of naproxen being cost-effective increased to
~42%. However, both colchicine and prednisone had only slightly lower probabilities
of being cost-effective than naproxen. Colchicine is stable across the WTP-threshold
range at 33% chance of being cost-effective. Prednisone had a lower probability of
being cost-effective and it decreased as the WTP-threshold increases. Table 4 also
shows results when acute flare medication is combined with allopurinol and No ULT. In
both cases, naproxen is the favourable option.
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Fig. 2 Cost-effectiveness acceptability curves (CEAC)
ULT, urate lowering therapy; WTP, willingness-to-pay. Panel A displays the CEAC for different ULT combined with
naproxen as the anti-inflammatory agent. Panel B displays the CEAC for different anti-inflammatory treatment
options combined with febuxostat as the ULT.

Scenario analyses
In the scenario of patients without flare upon entry, flares per year were lower compared
to the base case analysis. This resulted in slightly higher utility and lower costs, but the
conclusion remained the same. The second scenario concerns patients with a higher daily
probability of starting a flare. Overall this resulted in lower utility and higher costs. Again,
the implications did not change. Naproxen remained the most favourable option. The
preferred ULT option still depends on the WTP-threshold that would be set in acute gout,
but it remained clear that no ULT was not a preferable option (Supplemental material 1).
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Table 4: Probabilistic Sensitivity Analysis for anti-inflammatory treatment
Costs (€)

Effect (QALY)

ΔC (€)

ΔE (QALY)

ICER

Allopurinol
Naproxen

4,051.37

0.812493

-

-

-

Colchicine

4,066.48

0.812356

15.11

-0.00014

Dominated

Prednisone

4,074.27

0.812356

22.9

-0.00014

Dominated

Anakinra

4,299.31

0.81274

247.94

0.00025

1,003,805.67

Febuxostat
Naproxen

4,404.72

0.82288

-

-

-

Colchicine

4,426.91

0.82274

22.19

-0.00014

Dominated

Prednisone

4,424.72

0.82277

20.00

-0.00011

Dominated

Anakinra

4,651.09

0.82318

246.37

0.00030

818,504.98

4,012.99

0.788082

-

-

-

No ULT
Naproxen
Colchicine

4,039.99

0.787918

27.00

-0.00016

Dominated

Prednisone

4,040.82

0.757973

27.83

-0.03011

Dominated

Anakinra

4,297.02

0.788356

284.03

0.00027

1,036,605.84

QALY, Quality adjusted life years; ICER, incremental cost-effectiveness ratio; ULT, urate lowering therapy.

DISCUSSION
A health economic model was developed for evaluating the costs and effects related
to gout treatment strategies that simultaneously covers anti-inflammatory agents for
acute gout flares (i.e. colchicine, naproxen, prednisone, anakinra) and ULT options for
hyperuricemia (i.e. allopurinol, febuxostat, or no ULT).
The results of our comparison of ULT strategies suggest that strategies in which no ULT
is used would not be considered cost-effective at any WTP threshold that is customary
in the Netherlands. This finding supports, from a health-economic point of view, the
2016 updated EULAR guidelines, which was the first to emphasize that ULT should be
considered and discussed with every patient from the first presentation of gout with a
definite diagnosis [6]. Our results further show that which specific ULT yields the highest
net benefit depends on the WTP threshold. In the Netherlands, the WTP threshold
ranges from €10,000 to €80,000 and depends on the ‘burden of disease’, estimated
using the proportional shortfall method. The ICER of febuxostat compared to allopurinol
is €25,173.06, and is thus quite close to the WTP-threshold set for the lowest disease
burden category, which is up to €20,000 euro per QALY

[15]

. Although not yet explicitly

defined, the disease burden of the population of gout patients considered in this study
could be expected to fall in the lowest category defined by the National Healthcare
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[15]

due to its episodic pattern with longer periods of no attacks. However,

there are various methods of calculating burden of disease [1]. With respect to the costeffectiveness of different ULT, this would indicate that using allopurinol is the preferable
option. Moreover, the disease burden of gout varies substantially with severity. For
example health-related quality of life of patients with difficult to treat, chronic gout
was found to be similar to that of patients with active rheumatoid arthritis

[29]

. Since

the proportional shortfall weighted burden of rheumatoid arthritis corresponds to the
highest disease burden category

[30]

, a WTP threshold of €80,000 could be expected

to also apply to the population of patients with severe gout. This would suggest that
febuxostat may be preferable to allopurinol in the treatment of chronic gout. However,
as the results of our study were not based on patients with severe gout, this would need
to be investigated further in future studies.
The cost-effectiveness of various ULT monotherapies has been compared in three
previous, model-based studies

[10–12]

. In all cases, these studies considered ULT only

and, either did not consider the impact of flares on quality of life or used a disutility
to account for flares. Furthermore, utility and costs weights were attached to various
SUA level related health states. By contrast, in our model utility and costs are mainly
determined by the current level of pain experienced by the patient, with a disutility
for patients not reaching the SUA target. This choice was motivated by the consistent
finding in previous studies that pain is strongly related to health-related quality of life
of gout patients, whereas mixed findings were reported with respect to the relationship
between SUA levels and quality of life [31]. The assumption that lowering SUA levels would
produce utility gains independently of gout flares was also considered implausible in
a recent NICE single technology appraisal of cost-effectiveness evidence in favour of
febuxostat, since gout is usually asymptomatic in between acute flares [32]. Nevertheless,
it is interesting to note that despite these differences in model structure, all three studies
found results roughly consistent with ours in that applying any ULT was found to be costeffective relative to no ULT. Furthermore, febuxostat was consistently associated with
8

both higher costs and higher effectiveness compared with allopurinol in the previous
studies. Several more studies evaluated cost-effectiveness of various ULT sequences
[33–35]

. However, our analyses solely focused to monotherapies since this has been shown

to be the most common treatment pattern in clinical practice

[12,36]

. It should be noted

though that various international guidelines currently recommend titrating allopurinol
dosages up to 900 mg/day. It seems likely that a higher percentage of patients would
be able to reach the SUA target at higher allopurinol dosages. Unfortunately, no suitable
data was identified in our literature review to be able to assess this treatment strategy
in our model.
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To the best of our knowledge, the current study is also the first model-based study to
examine cost-effectiveness of anti-inflammatory treatments for gout attacks. Results
of our study reveal that naproxen was the favourable treatment at any WTP-threshold,
in combination with any of the ULT, although overall differences in cost-effectiveness
between conventional treatment strategies remained small. In addition, our results
showed that treatment with anakinra, although accruing slightly higher health outcomes
after one year compared to conventional treatments, was not cost-effective, primarily
driven by its high costs per treatment. Costs over one year for strategies including
anakinra were approximately €200,- higher than the other acute gout flare medications.
Although this is a smaller difference than what the difference in absolute drug prices
between anakinra and, for example, naproxen would suggest, our findings do not support
a role for anakinra as a first line treatment in the overall gout population.
The current study had some limitations. First, the amount of data used to estimate the
pain transition probabilities for each acute gout flare treatment option, was limited.
This resulted from the need to have access to patient level data to populate the
model. In particular, data with regard to anakinra and colchicine were based on a single
randomized controlled trial. The resulting uncertainty about the relative effectiveness
of the different treatments may have undermined our ability to differentiate the efficacy
of different anti-inflammatory treatments. Second, the occurrence of (serious) adverse
events and their associated costs and consequence on utilities, were not included in
the model. This also applies for using prophylaxis when initiation ULT as recommended
by gout guidelines. Insufficient data was available for us to consider the IL-1 inhibitor,
canakinumab, for the treatment of acute gout flares, or second-line ULT agents as
pegloticase and lesinurad, which has just recently been approved by the Food and Drug
Administration in combination with allopurinol

[37]

. However, none of these drugs are

likely to become first line treatment options for gout and hyperuricemia in the near
future.
In conclusion, the findings of our study show that ULT, with either allopurinol or
febuxostat, are cost-effective first-line ULT agents for treating hyperuricemia. For
the treatment of acute gout flares, conventional first-line treatments (i.e. colchicine,
naproxen, prednisone) had similar health economic implications, of which naproxen had
the most favourable costs and effects profile.
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SUPPLEMENTAL MATERIAL
Supplemental material 1: Results of scenario analyses
Table S1: No flare upon entry full results
Costs (€)

Effects (QALY)

ΔC (€)

ΔE (QALY)

ICER (ΔC/ΔE)

Febuxostat
Naproxen

4,146

0.82484

-

-

-

Colchicine

4,152

0.82481

5.95

-0.00003

Dominated

Prednisone

4,147

0.82481

0.42

-0.00003

Dominated

Anakinra

4,217

0.82482

71.19

-0.00002

Dominated

Allopurinol
Naproxen

3,561

0.82436

-

-

-

Colchicine

3,566

0.82426

4.77

-0.00010

Dominated

Prednisone

3,563

0.82431

1.54

-0.00005

Dominated

Anakinra

3,643

0.82431

81.70

-0.00005

Dominated

No ULT
Naproxen

3,885

0.78639

-

-

-

Colchicine

3,894

0.78632

8.49

-0.00007

Dominated

Prednisone

3,893

0.78634

7.67

-0.00005

Dominated

Anakinra

3,989

0.78636

103.91

-0.00003

Dominated

3,885

0.78639

-

-

-

ULT comparison
No ULT + Naproxen
Allopurinol + Naproxen

3,561

0.82436

-324

0.03797

Dominating*

Febuxostat + Naproxen

4,146

0.82484

585

0.00048

1,218,750**

QALY, Quality adjusted life years; ICER, incremental cost-effectiveness ratio; ULT, urate lowering therapy; * ICER
for allopurinol versus No ULT; ** ICER for febuxostat versus allopurinol.
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Table S2: Increase flare chance full results
Costs (€)

Effects (QALY)

ΔC (€)

ΔE (QALY)

ICER (ΔC/ΔE)

Naproxen

4,389

0.82507

-

-

-

Colchicine

4,417

0.82492

28.25

-0.00015

Dominated

Prednisone

4,406

0.82493

17.05

-0.00014

Dominated

Anakinra

4,642

0.82535

252.85

0.00027

927,118

Naproxen

4,069

0.80843

-

-

-

Colchicine

4,099

0.80829

29.22

-0.00013

Dominated

Prednisone

4,090

0.80828

20.23

-0.00014

Dominated

Anakinra

4,336

0.80872

266.45

0.00030

896,226

Naproxen

4,043

0.78905

-

-

-

Colchicine

4,075

0.78889

32.34

-0.00015

Dominated

Prednisone

4,076

0.78890

33.02

-0.00015

Dominated

Anakinra

4,331

0.78934

288.38

0.00029

978,458

No ULT + naproxen

4,043

0.78905

-

-

-

Allopurinol + naproxen

4,069

0.80843

26

0.01938

1,342*

Febuxostat + naproxen

4,389

0.82507

320

0.01664

19,231**

Febuxostat

Allopurinol

No ULT

ULT Comparison

QALY, Quality adjusted life years; ICER, incremental cost-effectiveness ratio; ULT, urate lowering therapy; * ICER
for allopurinol versus No ULT; ** ICER for febuxostat versus allopurinol.
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Summary & General Discussion

SUMMARY AND MAIN FINDINGS
Part I: Clinical management of gout and hyperuricemia
The study in Chapter 2 aimed to answer the question whether a 5-day, 100 mg daily,
subcutaneous injection of the interleukin-1 (IL-1) receptor antagonist anakinra is an
effective and safe treatment alternative for treating acute gout flares. For this purpose,
a multicenter, double-blind, double-dummy, randomized, active-controlled, noninferiority trial was designed and conducted in The Netherlands, in which anakinra
was compared to treatment as usual (colchicine, naproxen or prednisone). In total, 88
patients were included, of which 45 and 43 patients were treated with treatment as
usual or anakinra, respectively. Anakinra was found to be non-inferior to treatment
as usual in reducing the pain associated with acute gout flares. Other gout-related
symptoms such as joint tenderness and joint swelling also decreased to a similar extent
over days one to five in both treatment arms. This study suggests that anakinra is an
effective IL-1 inhibitor for the treatment of acute gout flares.
Gout flare recurrences are rather common in gout patients that are on urate lowering
therapy (ULT), particularly in the time period directly after starting ULT. In the study in
Chapter 3, the prognostic value of various clinical, demographic and patient-reported
factors for predicting early gout flare recurrences was investigated, in patients initiating
ULT during an acute gout flare (N=75). Within three months post baseline, 48% (N=36)
of patients experienced a gout flare recurrence. Results of the binary multivariate
regression analysis revealed that lack of prophylaxis when starting ULT (odds ratio (OR)
11.56) and c-reactive protein > 30 mg/L (OR 9.47) were independently predictive of gout
flare recurrences ≤ 3 months post baseline.
At present, the potential added value of adopting a treat-to-target (T2T) strategy in
clinical practice in lowering serum urate (SUA) levels in gout patients, has not yet been
studied in much detail. Chapter 4 presents the results of a clinical audit regarding the use
of a targeted treatment approach in real-world gout patients using currently available
ULT, in reaching the European League Against Rheumatism defined SUA level targets.
This retrospective, medical chart-review that included gout patients from two hospital
centers in The Netherlands, found that the SUA target < 360 µmol/L was reached in
83% of the cases treated in daily clinical practice with use of currently available ULT
9

and a targeted treatment approach. These results provide a proof-of-concept of a T2T
strategy in gout, and suggest that adoption of this strategy in clinical practice might
contribute to increasing the proportion of gout patients having SUA levels on target.
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In Chapter 5, medication prescription records from a nationally-representative
database were retrospectively analyzed in order to determine the levels of compliance
and persistence to dispensed ULT for the treatment of gout and hyperuricemia. After
one year, it was shown that 51.7% of the patients were categorized as compliant by having
ULT coverage for ≥ 80% of the days in one year, while only 42.7% of the patients were still
continuing their ULT medication after one year (persistent), without having surpassed a
refill gap of 30 days. Increasing age, being male and initial dispensed prescription of ULT
by a rheumatologist were factors associated with increasing compliance and persistence.
As ULT is proposed as a life-long treatment by gout management guidelines, findings
from this study suggest that ULT medication compliance and persistence is suboptimal
in the Netherlands, and suggest that investigating reasons for treatment cessation and
ways to enhance medication adherence to ULT are desired.

Part II: Patient-reported outcome measures (PROMs) in gout
In Chapter 6, a systematic literature review is presented that aimed to identify all
the available PROMs used in gout, and to critically review their content validity and
measurement properties (i.e. reliability, responsiveness, construct validity, floor and
ceiling effects). The search resulted in the inclusion of 13 PROMs, covering almost all
outcome domains that have been endorsed for use in acute and chronic gout clinical
studies. Noticeable, no PROMs were available to assess patient-reported joint swelling
and joint tenderness, and only three PROMs were gout-specific. Results from this study
showed that the physical functioning subscale of the Short Form-36 item version 2 was
the only PROM which had sufficient evidence to support all psychometric properties
that were examined for this study. Overall, this study showed that for many of the PROMs
used in gout clinical research, the psychometric properties are not yet well supported.
The objective of the study in Chapter 7 was to develop an average score representing
a patient’s overall level of gout flare symptom intensity, the Gout Attacg Intensity Score
(GAIS), composed of individual symptom scores of patient-reported pain, swelling and
tenderness, measured on a 5-point rating scale. Findings showed that the GAIS can be
interpreted as an ordinal scale, wherein higher scores indicate higher levels of gout flare
intensity. The GAIS was shown to be a reliable and responsive instrument, and it was
able to better discriminate between responders and non-responders compared to its
single-item counterparts. Results of the study suggest that the GAIS may be used in gout
clinical studies for assessing gout flare intensity.

9

Part III: Societal burden of gout
In Chapter 8, a health economic analysis based on a patient-level simulation was
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performed, following the one-year course of newly diagnosed gout patients initiating
ULT during an acute gout flare for determining the cost-effectiveness of different
combinations of anti-inflammatory treatment for acute gout flares and ULT. The model
is the first in gout to simultaneously evaluate these treatments, and to include gout
flares as a main determinant for costs and utilities. Compared to No ULT, both allopurinol
and febuxostat were cost-effective, and at higher willingness-to-pay thresholds
(approximately > €25,173) febuxostat was cost-effective in comparison to allopurinol, in
combination with different anti-inflammatory agents. For treating acute gout flares, and
independent of which ULT used, colchicine, naproxen and prednisone offered similar
health economic implications, although naproxen was overall most favored. Anakinra
was not cost-effective compared to conventional treatments, driven by its high costs
per treatment, but did yield the highest utility.

GENERAL DISCUSSION AND FUTURE DIRECTIONS
Interleukin-1 (IL-1) inhibitors in the management of gout
Evidence supporting the role of IL-1 in the pathogenesis of gout flares has emerged
from various animal and in-vitro studies over the past decades [1]. More recently, several
studies have attempted to further validate this concept in clinical trials of IL-1 inhibitors
in human subjects with gout. However, in studies performed prior to this thesis, mixed
results have been observed with respect to the efficacies of various IL-1 inhibitors in
gout. The efficacy of the anti-body canakinumab, which neutralizes IL-1β, was examined
in two studies [2,3], while another randomized study examined the efficacy of the soluble
IL-1 Trap rilonacept, neutralizing both IL-1β and IL-1α

[4]

. In the latter, a single dose of

subcutaneous 320 mg rilonacept was given as an add-on therapy to indomethacin
50 mg three times daily. The study failed to demonstrate superiority of this regimen
compared to indomethacin alone in reducing pain 72 hours after starting treatment in
patients with acute gout flares

[4]

. Notable about this study is that the authors chose

to test for superiority of rilonacept when given as an add-on therapy to an optimally
dosed non-steroidal anti-inflammatory drug (NSAID). This was a surprising, ambitious
choice, given the already well-documented rapid and strong pain-relieving effects
of NSAIDs in patients with acute gout flares

[5,6]

. On the other hand, two randomized

controlled trials showed that a single subcutaneous injection of 150 mg canakinumab was
9

superior in reducing pain after 72 hours compared to a single intramuscular injection of
triamcinolone acetonide 40 mg in patients who could not be (successfully) treated with
NSAID and/or colchicine

[3]

. However, it has been questioned whether the choice and

dose of the comparator, triamcinolone acetonide 40 mg, were optimal in the absence of
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evidence-based guidelines on corticosteroid treatment [7].
In this thesis, the efficacy of the IL-1 receptor antagonist anakinra was compared to
various optimally dosed standard of care treatment options (colchicine, naproxen and
prednisone). Anakinra showed non-inferiority to these standard agents in alleviating pain
and by similarly improving symptoms associated with acute gout flares after four days
(Chapter 2). We believe that these results provide a relevant benchmark for efficacy
of anakinra in daily clinical practice and further support the validity of IL-1 blockade in
treating acute gout flares.
The finding that anakinra is an effective IL-1 inhibitor for treating acute gout flares may
have several implications for current gout management. Firstly, anakinra may be a viable,
cheaper alternative to canakinumab, which is presently the only IL-1 blocker registered
in Europe. At first sight, it would seem that a head-to-head comparative effectiveness
trial of these IL-1 inhibitors could be useful. However, such a trial might be infeasible due
to the high treatment cost of canakinumab (~€12,000/treatment in the Netherlands),
and to a lesser extent anakinra (~€170/treatment in the Netherlands). Moreover, a large
number of participants would likely be required in order to differentiate the effects of
two treatments with a similar mechanism of action. More importantly, just considering
the difference in treatment costs, reveals that canakinumab cannot be cost-effective
compared to anakinra in the Netherlands. That is, even when the difference in
treatment effects would be extreme in favor of canakinumab (let’s say 0.99 qualityadjusted life weeks), and adopting the maximum willingness-to-pay threshold of €1538
per week in the Netherlands (€80,000/52 weeks), the incremental cost-effectiveness
ratio of canakinumab versus anakinra would be €11,949 per extra quality-adjusted life
week ([€12,000-€170]/0.99). This is far above the cost-effectiveness ceiling in The
Netherlands, which means that anakinra would be cost-effective over canakinumab
even if unrealistically large health benefits of canakinumab are assumed.
Secondly, the placement of IL-1 inhibitors in clinical practice for managing acute gout
flares might be reconsidered. Management guidelines for gout currently recommend
treatment with an IL-1 inhibitor for acute gout flares as a second-line option, when
standard of care options are not tolerated or ineffective

[6,8]

. For these patients, only

canakinumab is currently available when patients have ≥ 3 gout attacks per year. In
particular for patients who cannot be treated with conventional therapies, but who also
do not qualify for treatment with canakinumab, anakinra may pose as an alternative
treatment option. By contrast, the suitability of anakinra as a first-line agent for treating
acute gout flares does seem questionable in light of the findings in this thesis. First of all,
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from a health economic perspective, anakinra had a unfavorable cost and benefit profile
compared to first-line anti-inflammatory agents, colchicine, naproxen and prednisone
(Chapter 8), which was primarily driven by its higher treatment costs. In addition, for the
current conventional first-line treatment agents – colchicine, NSAIDS and corticosteroids
– safety profiles have been well documented, while for anakinra little information is still
available regarding its safety profile in gout. Thus far, its safety in gout has only been
described in this thesis (Chapter 2), various observational studies or an open-label study
[9–23]

. Moreover, treatment with anakinra is associated with increased risk of infections,

based upon observed data on infection rates in long-term use of anakinra in patients
with rheumatoid arthritis and Still’s disease, for which it is currently registered. Whether
an increased risk of infections exists with short-term use of anakinra in gout, as applied
in the study done in this thesis, has to be further explored, but we may expect it to
be lower. Only one patient treated with anakinra reported a respiratory tract infection
(severe cold), which suggests that treatment with anakinra is not accompanied with
considerable adverse reactions in treating acute gout flares (Chapter 2). However, the
study was not powered for safety analysis and more studies are needed to establish the
safety profile anakinra in gout.
Finally, besides the application of IL-1 inhibitors in managing acute gout flares, various
studies have suggested they might be effective in preventing gout flares during initiation
of urate lowering therapy (ULT)

[24–28]

. Currently, prophylaxis when starting ULT is

recommended with colchicine and NSAIDs, intended to suppress the triggering of a new
flare that may occur due to the dispersion of serum urate (SUA) resulting from the mobility
and dissolution of monosodium urate (MSU) crystals [6]. Also in this thesis, it was shown
that prophylaxis with colchicine and NSAID was protective of gout flare recurrences in
patients starting ULT (Chapter 3). However, in selective patients with comorbidities or
intolerances to these conventional agents, flare prophylaxis becomes difficult, possibly
also contributing to the low ULT adherence rates seen in patients with gout (Chapter
5)

[29]

. There is evidence that the IL-1 inhibitors canakinumab and rilonacept were both

successful in gout flare prevention when starting ULT when compared to colchicine and
placebo, respectively

[24–28]

. Considering the efficacy of anakinra in the treatment of

acute gout flares, the potential added value of anakinra as prophylaxis during initiation
of ULT may also be considered. However, the half-life of anakinra (~4-6 hours) is much
shorter than canakinumab (~26 days) and rilonacept (~8.6 days). Prophylaxis with
9

anakinra could therefore be costly if daily treatment were to be required to suppress
eliciting of gout flares when starting ULT. In addition, daily subcutaneous injections with
anakinra could, in time, lead to injection site reactions, and may be associated with
increased risk of infections. The efficacy of anakinra in preventing gout flare recurrence
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when starting ULT would need to be studied, but also cost-effectiveness analyses
comparing conventional agents and anakinra would be required to determine its added
value as a prophylaxis agent in gout management.

Treat to target (T2T) in gout
In the 1960’s with the discovery of the presence of MSU crystals in the synovial fluid
of joints, the role of hyperuricemia in the development of gout became more evident.
Since then, the importance of lowering SUA levels below the threshold of MSU crystal
formation (<6.8 mg/dL) with ULT for inducing crystal dissolution has become clear.
Nowadays, the concept of a T2T strategy to achieve predefined SUA targets below this
saturation point is increasingly gaining interest, and is now the recommended approach
in various international guidelines [6,30]. However, the evidence supporting this practice in
gout is slim [31,32]. The findings from the clinical audit described in this thesis, where realworld gout patients were managed according to the principles of T2T in lowering SUA
levels with ULT, is one the first studies to support the concept of T2T in gout (Chapter
4). Just over 80% of the patients met the European League Against Rheumatism
recommended SUA target of < 360 µmol/L (6 mg/dL), using currently available ULT. This
percentage was generally higher than those previously reported in observational studies,
in which patients were not specifically treated according to a T2T approach (range =
21 to 77%)

[33–38]

. However, it must be noted, that comparison among these studies is

difficult considering their observational nature, and differences in patients described
and management strategies applied, including frequency of SUA level monitoring visits,
medication adherence, dosages and type of ULT used and degree of ULT dose titration.
Randomized controlled trials would need to be carried out to provide high quality
evidence on the added value of a T2T strategy in gout populations. Such evidence will in
addition support the recommendations currently made by gout guidelines that advocate
a T2T strategy in meeting SUA targets with ULT in patients with gout and hyperuricemia
[6,30]

. Possibly, randomized controlled trials on this topic have until now been considered

irrelevant in gout as the concept of T2T has been intensively investigated in patients with
rheumatoid arthritis, consistently showing beneficial results, and the effectiveness of
this concept is therefore widely considered self-evident in rheumatology

[39]

. However,

in other relevant disciplines, different treatment paradigms are still being proposed. For
example, the most recent American College of Physicians guideline endorse the ‘treat to
avoid symptoms’ (TTAS) strategy [40]. In contrast to the proactive T2T approach, involving
monitoring of SUA levels and making ULT (dose) adjustments to achieve SUA targets in
patients on ULT, a TTAS approach encompasses ULT treatment focused on avoiding
symptoms (e.g. gout flares) over time

[31]

. The latter can be seen as a more reactive

approach, in which ULT treatment adjustments are made in response to the occurrence
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of gout flares or other symptoms, and does not necessarily involve monitoring of SUA
levels over time and aiming for a SUA target. Like the T2T approach, the TTAS strategy
is currently not supported by solid evidence [40]. Hence, the questions remains which of
these strategies, T2T or TTAS, is most beneficial for gout patients? From an ethical point
of view it may be argued that a TTAS strategy may expose patients to unnecessary risks
by reacting upon symptoms and providing them with repeated treatment for recurrent
acute gout flares or with courses of ULT. Also, using ULT has shown to decrease the
risk of cardiovascular disease and renal impairment through the lowering of SUA levels
in (gout) patients having these (comorbid) conditions

[41,42]

. This may not be achieved

in a TTAS strategy when ULT may not be given consistently and SUA levels remain
elevated. Alternatively, aiming for a therapeutic target as part of a T2T strategy, allows
the caregiver to make adjustments in ULT dosages (i.e. up titration of ULT), switching of
ULT, or combining ULT in meeting the predefined SUA targets. If not done with caution,
being fixed on meeting the SUA target may expose patients to overtreatment with ULT,
potentially associated with the occurrence of adverse reactions. Importantly, the choice
of the strategy may ultimately depend on the preferences of patients, and therefore
patients should be actively involved in choices pertaining to their ULT treatment,
contributing to shared-decision making and patient participation. Nevertheless, as
guidelines among gout caregivers are proposing different management strategies for
long-term ULT, randomized controlled trials may be useful to investigate and compare
the risks and benefits of these concepts to stimulate consensus [43–47]. Besides consensus
on the added value of a T2T strategy in gout, a second step might then be to investigate
differences in treatment strategies embedded within a T2T strategy for lowering SUA
levels with ULT. For example, sequential monotherapy compared to a strategy allowing
combination of ULT [48].

Medication adherence and persistence
Adherence to long-term ULT among patients with gout and hyperuricemia is necessary
for lowering and maintaining SUA levels at a level that dissolution of MSU crystals occurs,
contributing to achieving optimal patient outcomes. In the long-term, this may also lead
to lower costs of illness and healthcare expenditures, dampening the burden of disease
on society

[49]

. Although previous studies in other countries already showed long-term

ULT compliance and persistence to be suboptimal, findings from this thesis reveal that
this is also an issue among patients receiving ULT for their gout and hyperuricemia in the
9

Netherlands (Chapter 5) [29].
Findings from this thesis showed that patients were most likely to stop with their ULT
within the first three months following ULT initiation (Chapter 5). While the reasons for
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treatment cessation and poor adherence were not studied in this thesis, literature
suggests that poor medication adherence is a multi-dimensional problem

[50]

. Also in

gout, barriers may, for example, be related to the disease (e.g. asymptomatic periods
of hyperuricemia), treatment (e.g. adverse reactions), patient or physician (e.g. lack of
knowledge)

[51]

. To overcome such barriers, various initiatives have been investigated

aimed at improving medication adherence and persistence, including nurse-coordinated
programs and (phone-based) pharmacy-led interventions aimed at patient education
and individual counseling on gout management

[52]

. Also, gout guidelines emphasize the

importance of informing gout patients on disease pathology and management

[6]

. The

findings in this thesis suggest that any form of interventions aimed at improving ULT
adherence and thus patients outcomes is best introduced early (≤ 3 months) in the
management of gout and hyperuricemia as many patients discontinued their treatment
during this period (Chapter 5). A recent study by Doherty et al. 2018 showed that a research
nurse-led program actively engaging and educating patients in gout management, in
combination with a T2T strategy, led to 96.7% of patients still taking their ULT one year
post baseline, compared to 46.8% receiving usual care

[32]

. Possibly, such a nurse-led

program could be effective in the Netherlands as well, as also noted by the authors of the
paper that suggest that the management principles applied in their study are potentially
generalizable to any health professional that manage gout. However, in the Netherlands,
research nurses are generally more common in rheumatology clinics compared to
clinics of general practitioners where practice-based nurses are situated. Adoption of
the program may therefore be more suited for rheumatology clinics. Nevertheless, also
in primary care, such programs may be feasible, which may depend on the willingness
of the staff or clinic logistics. Other potential interventions might include electronic
self-management tools via mobile applications or computers (i.e. eHealth), but also the
efforts of multi-disciplinary teams of experts (e.g. nurse, pharmacist, social worker) may
pose useful

[52,53]

. Such interventions may need consideration and investigation in the

Netherlands as well.
Patients initially prescribed ULT by a general practitioner were more likely to discontinue
ULT treatment, compared to those patients initially receiving ULT from a rheumatologist
(Chapter 5). This may reflect a difference in management strategies applied among
general practitioners and rheumatologists. A previous study has suggested that among
primary care providers, gout and hyperuricemia may be insufficiently treated and be
perceived as a disease requiring long-term ULT management, but is more focused
on treating the acute episodes of gout

[54,55]

. Future studies may need to investigate

whether such a difference also exists among general practitioners and rheumatologists
in the Netherlands.
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Measuring the patient perspective of disease
Over the past decades, including the perspective of the patient in gout clinical research
has become increasingly important, as opposed to solely measuring biomedical
outcomes [56]. Patient-reported outcome measures (PROMs) are therefore a much used
tool for gathering patient outcomes data. Ideally, PROMs are developed, or validated,
in the population of interest using a psychometric framework that helps to determine
whether the items of the instrument are related and measure the intended latent
variable, and that the items function in accordance with the a priori expectations of
the developers. This may also be referred to as internal construct validity [57]. By using
appropriate psychometric techniques, poorly performing or weak items can be identified
and removed thereby improving the internal construct validity of the instrument. For this
purpose item response theory (IRT) models as Rasch modelling, or the more traditional
factor analysis are available. Findings from this thesis reveal that such techniques are
rarely applied in many of the validation studies of the PROMs used in gout clinical studies
(Chapter 6). The results of our systematic review further showed that even when they
were applied, the analyses were done either poorly or inconsistently. For example, only
for the Health Assessment Questionnaire Disability Index (HAQ-DI), Rheumatoid Arthritis
Work Instability Scale and Tophus Impact Questionnaire-20, Rasch-modeling was applied.
Therefore, at present little is actually known about the internal construct validity of the
PROMs commonly used in gout. On the other hand, the external construct validity of
PROMs was more commonly reported on in gout, referring to the association of the
PROM to other variables according to predefined hypotheses, to determine the extent
that the PROM measures the intended construct [57]. However, here the quality of the
evidence was supported with few methodological adequate studies. Similarly, other
psychometric properties of PROMs, such as their reliability, was also weakly supported.
Overall, the measurement properties of PROMs currently used in gout clinical research
were shown to be poorly supported. These are an important omission from the current
literature because using invalid instruments causes measurement bias, while using
unreliable instruments leads to imprecise scores, implying larger sample sizes are needed
than necessary [58]. This may ultimately influence the study feasibility or increase research
costs. Considering the above, the findings from this thesis call for two actions. First, for
awareness among users of PROMs in gout clinical research on the importance of using
psychometrically robust PROMs for measuring gout outcomes. Secondly, to stimulate
research on the measurement properties of commonly used PROMs in gout, using
9

methodological sound studies and, in particular, more detailed studies on the internal
construct validity of newly developed or validated PROMs.
Besides the comments on the measurement properties of PROMs in gout, this thesis
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also revealed that various PROMs are currently used in gout clinical research for
measuring a single outcome (Chapter 6). For example, in acute gout clinical studies,
pain is a commonly used primary outcome for determining the effect of treatment on
patients. However various different pain measures are currently used in gout clinical
trials, making their results difficult to compare, even when focusing on the same
outcome. For instance, in the clinical trials done on the IL-1 inhibitors canakinumab and
rilonacept, a 0-100 mm Visual Analogue Scale and a 5-point Likert scale were applied
as primary outcome measures, respectively

[3,4]

. Alternatively, in the IL-1 trial done in

this thesis, a 5-point rating scale was used for measuring pain in patients with acute
gout (Chapter 2). Also the Numeric Rating Scale (NRS) was used as a secondary outcome
measure in determining patient-reported pain in this study, but also in the study on
rilonacept. The lack of standardization of pain outcomes in such trials in gout makes it
difficult to synthesis findings of various studies, for example, for the purpose of metaanalysis. Ideally, standardization of definitions and outcomes measured in these trials
are established to enhance comparability, including pain, but also for other outcomes
such as joint tenderness, joint swelling or treatment response, which are commonly
measured in studies of acute gout. However, also beyond the scope of acute gout
trials, findings from this thesis showed that when interested in measuring a specific
outcome, for example health-related quality of life, various PROMs are used in clinical
studies of gout. The multidimensional health status measures as the Short Form-36 item
version 2 (SF-36v2), Gout Assessment Questionnaire 2.0, Arthritis Impact Measurement
Scales or Medical Outcomes Study 20-item Short Form Health Survey were commonly
used, while the HAQ-DI and Health Assessment Questionnaire-II (HAQ-II) were applied
interchangeably for measuring physical disability (Chapter 6). Considering all of the above,
this thesis calls for a third action where standardization of patient-reported outcomes
measured in gout clinical research is promoted, which will enhance comparability
among studies. Various studies have already shown that it is possible to link different
instruments measuring the same outcome to a common metric. This has recently been
applied for various PROMs measuring physical function, including the HAQ-DI, HAQ-II
and SF-36 physical function-10 subscale, which are also instruments commonly used
in gout clinical studies (Chapter 6)

[59]

. However, the uptake of such initiatives remains

limited which in part may be due lack of knowledge on its implementation. Alternatively,
standardization of patient outcomes in gout trials can also be obtained by developing
standardized PROMs for relevant outcomes.
9

In that respect, in the current thesis, work was done to further enhance the
standardization of measuring patient-reported outcomes data on symptoms of gout
flares that are commonly collected in acute gout trials, including joint pain, swelling
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and tenderness. The GAIS was introduced as a useful summary measure of these three
single-item patient reports, for measuring gout flare symptom intensity in acute gout
clinical studies, validated using psychometric theory according to non-parametric IRT
(Chapter 7). Compared to its single-item components, the GAIS was more reliable and
responsive to change, showing similar responsiveness to the NRS pain, which is usually
the most responsive instrument in acute gout trials. With the development and validation
of the GAIS in this thesis, developers of acute gout clinical trials are invited to use the
GAIS as an outcome measure, in the hope to standardize measures and enhance the
comparability of outcomes between studies. Also, its adoption in clinical trials implies
smaller sample sizes are needed to demonstrate treatment effects, as measurement
error is reduced in the combined score, increasing the reliability. As such, the GAIS may
have several implications for researchers and developers of acute gout clinical studies,
besides allowing for a more comprehensive assessment of gout flare symptoms. However,
it must be noted that aspects related to its external construct validity remain unclear,
and it would still need further validation in other subpopulations of gout patients (i.e.
severe gout). Ideally, the GAIS is also further validated using parametric IRT models such
as the Rasch model. In this thesis, the non-parametric IRT Mokken Scale Analysis was
used for validating the GAIS. By doing so it was shown that patients can be rank-ordered
based on the intensity of their gout flare symptoms by which a higher total score implies
higher gout attack symptom intensity. With the limits of an ordinal scale, measuring
changes over time is difficult. Therefore, future studies having access to more data are
invited to determine whether the GAIS can be considered a quantitative scale using, for
example, Rasch analysis.

OVERALL CONCLUSIONS
From a medical perspective, our findings suggest that for the management of acute gout
flares, the IL-1 inhibitor anakinra is an efficacious treatment, showing non-inferiority to
conventional treatments in reducing pain and by similarly improving other gout-related
symptoms in gout patients, further supporting the validity of the role of IL-1 in gout. We
believe anakinra is of added value for managing acute gout flares as a potent second-line
treatment, in those patients who cannot be treated with conventional therapies due to
unresponsiveness, intolerances or comorbidities, also serving as a potential viable and
9

cheaper alternative to the IL-1 inhibiting agent, canakinumab.
Furthermore, the long-term management of gout and hyperuricemia was shown to be
suboptimal in terms of ULT medication adherence in the Netherlands, but also on the
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frequency of gout flare reoccurrences observed in patients starting ULT. For improving
gout outcomes, it might be necessary to stimulate ULT adherence early on in the
management of gout and hyperuricemia, possibly with adherence interventions such as
nurse-coordinated programs. In addition, a T2T strategy in lowering SUA levels with ULT
seems promising in reaching SUA targets in gout patients. However, it seems important
that the effectiveness of a T2T strategy in gout becomes supported with high-quality
evidence, i.e. randomized controlled trials, to clarify and reach consensus on the best
long-term managing practices in lowering SUA levels with ULT in patients with gout and
hyperuricemia.
Finally, this thesis showed that more evidence on the measurement properties of
commonly used PROMs in gout clinical research should become available, based on
modern psychometric techniques and methodological sound studies. Also, the GAIS may
be used in acute gout trials for determining gout flare symptom intensity. Its adoption
will ideally stimulate standardization of outcome measures used in acute gout trials,
which will enhance comparison of patient-reported outcomes across these studies.

9
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CHAPTER 10

JICHT: PATIËNTEN, GENEESKUNDE EN DE
MAATSCHAPPIJ
Jicht is een veelvoorkomende inflammatoire gewrichtsaandoening behorend tot de
reumatische aandoeningen. Het wordt veroorzaakt door neergeslagen urinezuurkristallen
in de synoviaal vloeistof van gewrichten als gevolg van langdurige hyperurikemie. Het
(plotseling) optreden van een dergelijke ontstekingsreactie wordt vaak een acute
jichtaanval genoemd en is gekenmerkt door symptomen van pijn, zwelling, roodheid en
gewrichtsgevoeligheid. Herhaalde aanvallen van acute jicht kunnen leiden tot verergering
van de ziekte en ophoping van urinezuurkristallen in gewrichten en weefsel, ook wel
(chronische) tofeuze jicht (jichtknobbels) genoemd. Over het algemeen kan jicht leiden
tot een verminderde kwaliteit van leven en verminderd fysiek functioneren.
In dit proefschrift worden verschillende onderzoeken gepresenteerd op het gebied van
jicht en hyperurikemie. Het proefschrift is opgedeeld in drie delen. Het eerste gedeelte
bevat studies die zich richten op de klinische behandelingen van jicht en hyperurikemie.
De studies die in het tweede deel van dit proefschrift worden beschreven richten zich
op het meten van de gevolgen van jicht vanuit het perspectief van de patiënt met behulp
van patiënt gerapporteerde uitkomstmaten (PROMs). In het derde gedeelte wordt
ingegaan op de maatschappelijke ziektelast van jicht en hyperurikemie in termen van de
kosten en effectiviteit van de verschillende behandelingen voor deze ziektes.

Deel I: Klinische behandeling van jicht en hyperurikemie
Een acute jichtaanval is goed te behandelen met een van de drie standaard behandelingen:
colchicine, niet-steroïde anti-inflammatoire geneesmiddelen of corticosteroïden.
Echter, veel patiënten met jicht hebben comorbiditeiten die behandeling met deze
middelen bemoeilijkt wegens contra-indicaties. Ook wordt door de aanwezigheid
van bijwerkingen of intoleranties in sommige gevallen de behandeling van een acute
jichtaanval bemoeilijkt. Voor patiënten die niet behandeld kunnen worden met een
van de standaardbehandelingen, bevelen jicht richtlijnen een behandeling met een
interleukine-1 (IL-1) remmer aan. Tot op heden is in Europa alleen tegen hoge kosten
enkel de IL-remmer canakinumab beschikbaar voor patiënten met ≥ 3 aanvallen per jaar
en die niet behandeld kunnen worden met standaardzorg. Anakinra is een alternatieve,
goedkopere, IL-1 remmer. Uit verschillende observationele studies is al gebleken dat
anakinra mogelijk effectief zou kunnen zijn voor het behandelen van acute jicht.
Echter, tot op heden zijn er nog geen gerandomiseerde klinische studies geweest om
dit te bevestigen. De studie in Hoofdstuk 2 van deze thesis had als doel te bepalen of
een 5-daagse behandeling van een dagelijkse 100 mg subcutane injectie van de IL-1
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receptorantagonist anakinra, een effectief en veilig behandelingsalternatief zou zijn
voor de behandeling van acute jichtaanvallen. Om dit te bepalen is er in Nederland
een multicenter, dubbelblind, dubbel dummy, gerandomiseerd, actief-gecontroleerd,
non-inferiority (NI) (niet inferieur aan) studie ontworpen en uitgevoerd, waarbij
anakinra werd vergeleken met standaardzorg (colchicine, naproxen of prednison). In
totaal zijn 88 mensen geïncludeerd, waarvan 45 en 43 patiënten behandeld zijn met
respectievelijk standaardzorg en anakinra. Anakinra was non-inferior aan standaardzorg
in het verminderen van pijn klachten in patiënten met een acute jichtaanval. Ook
daalden in beide behandelingsgroepen in gelijke mate van dag één tot vijf andere jichtgerelateerde symptomen zoals gewrichtsgevoeligheid en zwelling. De resultaten van
deze studie suggereren dat anakinra een effectieve IL-1 remmer is voor de behandeling
van acute jichtaanvallen.
Het verlagen van serum urinezuur (SUZ) spiegels bij patiënten met jicht vormt een
belangrijk onderdeel van het behandelingsplan. Dit is onder andere omdat verlaagde
SUZ spiegels tot onder de drempelwaarde van urinezuur kristalformatie in verband is
gebracht met een verminderd risico op het krijgen van jichtaanval recidieven. Voor
het verlagen van de SUZ spiegels in patiënten met jicht wordt daarom behandeling
met urinezuurverlagende therapie (UVT) aanbevolen. Echter, zelfs bij jicht patiënten
die behandeld worden met UVT zijn jicht recidieven veelvoorkomend, met name in de
periode direct na het starten van UVT. In de studie in Hoofdstuk 3 werd de prognostische
waarde van verschillende klinische, demografische en patiënt-gerapporteerde factoren
voor het voorspellen van vroege (≤ 3 maanden) jichtaanval recidieven onderzocht bij
patiënten die UVT zijn gestart tijdens een acute jichtaanval (N=75). Binnen de eerste drie
maanden had 48% (n=36) van de patiënten opnieuw een jichtaanval. Resultaten van de
binaire multivariate regressie analyse lieten zien dat geen profylaxe bij het starten van
UVT (odds ratio (OR) 11.56) en c-reactief proteïne > 30 mg/L (OR 9.47), onafhankelijke
voorspellers waren voor een recidief van een jichtaanval binnen de eerste 3 maanden
na baseline.
Momenteel is weinig bekend over de mogelijke toegevoegde waarde van het toepassen
van een treat-to-target (T2T) strategie (behandelen naar een vooraf bepaald doel/target)
in de klinische praktijk voor het verlagen van SUZ spiegels met UVT in patiënten met jicht.
Echter, een T2T strategie bij behandeling met UVT wordt momenteel wel aanbevolen door
verschillende jicht richtlijnen voor het verlagen van SUZ spiegels. Hoofstuk 4 presenteert
de resultaten van een klinische audit van real-world jichtpatiënten (patiënten zoals gezien
in de dagelijkse klinische praktijk) die behandeld werden met beschikbare UVT conform
het T2T concept. Voor dat laatste werden de SUZ targets aangehouden (< 360 µmol/L en
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< 300 µmol/L) van de European League Against Rheumatism. Voor deze retrospectieve
studie zijn de medische patiëntendossiers van jicht patiënten uit twee verschillende
ziekenhuizen in Nederland onderzocht. De resultaten laten zien dat het SUZ doel van <
360 µmol/L in 83% van de gevallen werd bereikt in de dagelijkse klinische praktijk met
de huidige beschikbare UVT en een behandelingswijze conform de T2T strategie. In meer
dan de helft van de patiënten (59%) werd ook de SUZ target van < 300 µmol/L bereikt.
Deze resultaten suggereren dat het concept T2T werkt bij de behandeling van jicht en dat
de toepassing van deze strategie in de klinische praktijk kan bijdragen bij het verhogen
van het percentage jicht patiënten met SUZ spiegels op target.
Verschillende internationale studies tonen aan dat de therapietrouw van langdurig UVT
suboptimaal is bij patiënten met jicht. Tot op heden is onbekend of dit ook geldt voor
patiënten met jicht en hyperurikemie in Nederland. In de studie in Hoofdstuk 5 is de
therapietrouw (compliance en persistence) van patiënten met jicht en hyperurikemie
bepaald middels het analyseren van uitgegeven UVT medicatie recepten afkomstig
van een landelijk representatieve database. De naleving van voorgeschreven medicatie
(compliance) was na één jaar 51.7%, wat inhoudt dat iets meer dan de helft van de
patiënten UVT-dekking had voor ≥ 80% van de dagen in een jaar. Na een jaar zette
42.7% van de patiënten de medicatie nog voort (persistence), zonder dat een refillgap (tijdsduur voor het ophalen van herhaalrecepten) van 30 dagen werd overschreden.
Toenemende leeftijd, het zijn van een man en wanneer het eerste UVT recept door een
reumatoloog werd voorgeschreven waren factoren geassocieerd met een toenemende
therapietrouw (zowel compliance als persistence). De resultaten van dit onderzoek
suggereren dat de therapietrouw van UVT in Nederland suboptimaal is en niet conform
de jichtrichtlijnen die levenslange behandeling met UVT aanbevelen. Toekomstige
studies zijn gewenst naar de redenen van stoppen en naar manieren om therapietrouw
te verbeteren.

Deel II: Patiënt-gerapporteerde uitkomstmaten (PROMs) in jicht
PROMs (instrumenten) worden veel gebruikt in studies met jicht om inzicht te krijgen
wat de gevolgen van ziekte zijn vanuit de perspectief van de patiënt. Bij het gebruik
van PROMs is het belangrijk dat de meeteigenschappen goed onderbouwd zijn zodat
de gemeten uitkomsten betrouwbaar zijn. Hoofdstuk 6 presenteert de resultaten
van een systematische literatuur studie die gericht was op het identificeren van alle
beschikbare PROMs voor jicht en kritisch te beoordelen wat de inhoudsvaliditeit
en andere meeteigenschappen (betrouwbaarheid, gevoeligheid voor verandering,
construct validiteit, vloer- en plafondeffecten) van deze PROMs zijn. De zoekopdracht
resulteerde in 13 PROMs, die bijna alle uitkomstdomeinen omvatten die zijn goedgekeurd
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voor gebruik bij acute en chronische jicht studies. Opmerkelijk was dat voor het meten
van patiënt-gerapporteerde gewrichtszwelling en gewrichtsgevoeligheid geen PROMs
en voor specifiek jicht slechts drie PROMs beschikbaar waren. Resultaten van deze
studie lieten zien dat de subschaal voor fysiek functioneren van de Short Form-36 item
versie 2, de enige PROM is waarvoor voldoende bewijs was voor de psychometrische
eigenschappen die in deze studie werden onderzocht. Vanuit het bredere perspectief
bleek uit dit onderzoek dat voor veel van de PROMs die in klinische studies bij jicht
gebruikt worden, de meeteigenschappen nog niet goed ondersteund zijn.
Het doel van de studie in Hoofdstuk 7 was om een gemiddelde score te ontwikkelen
die de algehele intensiteit van een jichtaanval weergeeft, de Gout Attack Intensity Score
(GAIS), samengesteld uit individuele symptoomscores van patiënt-gerapporteerde
gewrichtspijn, zwelling en gevoeligheid, gemeten op een 5-punts antwoordschaal. Uit
de resultaten bleek dat de GAIS kan worden geïnterpreteerd als een ordinale schaal,
waarbij hogere scores een hogere jichtaanval symptoom intensiteit aangeven. De GAIS
bleek betrouwbaar en gevoelig te zijn voor verandering. Ook was de GAIS beter in staat
onderscheid te maken tussen mensen die wel en niet reageerde op behandeling, in
vergelijking tot de individuele items waaruit het bestaat (pijn, zwelling, gevoeligheid).
Resultaten van de studie suggereren dat de GAIS gebruikt kan worden in klinische studies
naar jicht voor het bepalen van de intensiteit van een jichtaanval.

Deel III: Maatschappelijke ziektelast van jicht (disease burden of gout)
Het doel van de studie beschreven in Hoofdstuk 8 was het bepalen van de
kosteneffectiviteit van verschillende combinaties van UVT (allopurinol, febuxostat,
geen UVT) en anti-inflammatoire behandelingen voor acute jichtaanvallen (colchicine,
naproxen, prednison, anakinra). Hiervoor is een gezondheidseconomische evaluatie
uitgevoerd op basis van een simulatie op patiëntniveau. Nieuw gediagnosticeerde jicht
patiënten, gestart met UVT tijdens een jichtaanval, zijn in het model voor een jaar gevolgd
voor het schatten van de kosten en de effectiviteit (uitgedrukt in quality-adjusted life
years) van de verschillende behandelingscombinaties voor jicht en hyperurikemie. Het
model is de eerste op het gebied van jicht die gelijktijdig de behandelingen van UVT
en acute jicht evalueert. In vergelijking met ‘Geen UVT’ waren zowel allopurinol en
febuxostat kosteneffectief, en bij een hogere betalingsbereidheid (willingness-to-pay)
(ongeveer > €25.173) was febuxostat kosteneffectief in vergelijking met allopurinol, in
combinatie met verschillende ontstekingsremmende middelen. Voor de behandeling
van acute jichtaanvallen en onafhankelijk van welke UVT er werd gebruikt, hadden
colchicine, naproxen en prednison vergelijkbare resultaten, hoewel naproxen over het
algemeen het meest gunstige profiel op kosteneffectiviteit bood. Met name als gevolg
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van de hoge kosten per behandeling was anakinra niet kosteneffectief in vergelijking met
standaardzorg, al leverde het wel de hoogste utiliteit .

Algehele conclusies
Vanuit een medisch perspectief suggereren onze bevindingen dat de IL-1 remmer
anakinra een effectieve behandeling is voor het behandelen van acute jichtaanvallen.
Anakinra was non-inferior aan standaardzorg in het verminderen van pijn in patiënten
met een acute jichtaanval en het verminderde andere jicht-gerelateerde symptomen
in gelijke mate als standaardzorg. Dit ondersteunt verder de validiteit van de rol van
IL-1 in jicht. Wij geloven dat anakinra van toegevoegde waarde is voor het behandelen
van acute jichtaanvallen als een effectieve, tweedelijnsbehandelingsoptie. Met name
voor patiënten met jicht die niet met standaardzorg behandeld kunnen worden door
intoleranties, comorbiditeiten of niet succesvol reageren op deze behandelingen.
Daarnaast zou anakinra mogelijk kunnen dienen als een doelmatig en goedkoper
alternatief voor de IL-1 remmer canakinumab.
Verder bleek de langdurige behandeling van jicht en hyperurikemie suboptimaal te zijn,
in termen van UVT therapietrouw in Nederland, maar ook kijkend naar de frequentie
van terugkerende jichtaanvallen in patiënten die UVT zijn gestart. Voor het verbeteren
van de uitkomsten in patiënten met jicht kan het nodig zijn om UVT therapietrouw
vroegtijdig te stimuleren bij het behandelen van jicht en hyperurikemie, mogelijk met
behulp van interventies gericht op therapietrouw zoals programma’s gecoördineerd
door verpleegkundigen. Daarnaast bleek een T2T strategie voor het verlagen van SUZ
spiegels met UVT in patiënten met jicht veelbelovend in het behalen van de aanbevolen
SUZ targets. Het is echter belangrijk dat de effectiviteit van een T2T strategie voor
jicht ondersteund wordt met hoogwaardig bewijs, d.w.z. gerandomiseerde studies, om
opheldering en consensus te bereiken over de beste, langdurige strategie om patiënten
met jicht en hyperurikemie te behandelen voor het verlagen van SUZ spiegels met UVT.
Tot slot toont deze thesis aan dat er meer bewijs over de meeteigenschappen van
veelgebruikte PROMs in jicht beschikbaar moet komen, idealiter gebaseerd op moderne
psychometrische technieken en methodologisch degelijke studies. Daarnaast kan de
GAIS worden gebruikt in studies van acute jicht voor het bepalen van de intensiteit van
een jichtaanval. De brede adoptie van de GAIS zou de standaardisatie van uitkomstmaten
in acute jicht studies kunnen stimuleren, wat de vergelijking van patiënt-gerapporteerde
uitkomsten tussen deze studies zou kunnen verbeteren.
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De afgelopen viereneenhalf jaar zijn een groot avontuur geweest, waar ik met veel
plezier op terugkijk! Ik heb niet alleen veel geleerd over mezelf en het doen van medisch
wetenschappelijk onderzoek, maar ben ook ontzettend dankbaar voor alle mensen
die ik heb leren kennen, de leuke momenten die we hebben gehad en de hulp die ik
gedurende mijn promotietraject heb ontvangen. Ik wil graag een aantal mensen in het
bijzonder bedanken.
Beste Mart, Martijn en Harald, ik ben jullie enorm dankbaar voor jullie betrokkenheid bij
het tot stand komen van dit proefschrift.
Allereerst wil ik mijn grootste dank betuigen aan mijn copromotor, Martijn. Zonder onze
wekelijkse overleggen, onder het genot van een heerlijk kopje koffie, had dit proefschrift
er nu niet gelegen. Ik heb grote bewondering voor je gedrevenheid voor de wetenschap,
je analytische vermogen en je pragmatische aanpak. Ook heb ik enorm genoten van onze
brainstormsessies over hoe we gedurende mijn onderzoek praktische vraagstukken het
beste aan konden vliegen. Bijvoorbeeld, hoe moet de medicatie gecodeerd worden?
Of, hoe moet de e-CRF eruit komen te zien in Mijn Reumacentrum? Of, hoe gaan
we om met de verlopen medicatie? (Ja, dit laatste heeft me wel een flinke hoofdpijn
bezorgd, gelukkig zag jij het allemaal nog positief in). Naar mijn mening hebben we het
ver geschopt! Bedankt voor je laagdrempelige karakter, benaderbaarheid en de vele
gezellige gesprekken tijdens de lunches. Tot slot, wil ik je bedanken voor je geduld; de
vele keren dat jij uitleg hebt moeten geven over psychometrie en statistiek. Dit alles
heeft mij enorm geholpen. Ik heb veel van je geleerd en hoop dat we nog eens mogen
samenwerken in de toekomst!
Daarnaast gaat mijn dank uit naar mijn promotor, Mart van de Laar. Je gedrevenheid voor
het vak en onderzoek hebben me gedurende de jaren geïnspireerd. Ondanks je drukke
agenda, was je altijd bereid tot overleg om het onderzoek verder te brengen. Ik heb veel
van je mogen leren over de klinische praktijk en de obstakels die zich voordoen bij het
uitvoeren van medisch onderzoek. Bedankt dat je de grote lijnen goed hebt bewaakt en
het vertrouwen wat je me gaf om het maximale uit mezelf te halen en het onderzoek
een stapje verder te brengen!
Dan mijn andere copromotor, Harald. Met je kritische en klinische blik heb je een goede
bijdrage geleverd aan de kwaliteit van mijn proefschrift. Ik kon je feedback op mijn
stukken altijd erg waarderen! Ik wil je bedanken voor je humor, gezelligheid en vooral
voor alle hulp en input die je gedurende mijn promotietraject hebt verleend.
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cruesli, boterham, make-up of een kaasbroodje), en later in jouw auto (met gezellige
muziek op de achtergrond) hebben mogen doorbrengen. Ondanks de wervelwind die je
soms in de ochtend was, was je altijd optimistisch en vrolijk. Hiervoor ben ik je ontzettend
dankbaar; je zorgde er altijd voor dat we de dag begonnen met een lach. Ook wil ik je
bedanken voor alle dropjes, koekjes, rijstwafels, ijsjes, chocola en kaasbroodjes die je
me gedurende de jaren hebt geschonken. Je leek soms op mijn persoonlijke ‘feeder’.
Gelukkig kon ik je af en toe ook blij maken met een appeltje ;). Ik heb enorm genoten
van alle cursussen die we samen hebben mogen volgen en de goede gesprekken die we
over de jaren hebben gehad. Kortom, ik ga je als kamergenoot missen en hoop nog vaak
samen koffie en thee te mogen drinken in Deventer, Enschede, Bennekom of Kerkdriel.
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van onze get-togethers in Deventer en zelfs al in Bennekom. Ik vind het superleuk dat
je mijn paranimf wilde zijn en hoop nog vaak gezellige uitjes en gesprekken te hebben!
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reumatologie. Wat was ik blij met jouw aanwezigheid de afgelopen jaren. Een van de
hoogste punten was misschien wel het samen op congres gaan naar Madrid. Warm weer,
een luxehotel en een privé zwembad. Daarnaast ook alle binnenlandse congressen,
symposia en cursussen die we samen hebben mogen volgen waren me een waar
genoegen. Ik vond het een hele eer om je paranimf te zijn. Bedankt voor je steun,
gezelligheid en openhartelijke gesprekken.
Lieve Deniece, wat vond ik het verfrissend om jou als kamergenoot te hebben. De fijne
gesprekken over het dagelijkse leven en PhD-life hebben me goed gedaan. Met name de
vrijdagen als we als enige twee aan het werk waren in onze vleugel, zijn momenten die me
goed bijstaan. Ondanks dat we maar kort kamergenoten waren, heb ik je betrokkenheid
enorm gewaardeerd!
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mijn promotietraject. In het bijzonder Peter ten Klooster voor je betrokkenheid bij
verschillende projecten die nu onderdeel uitmaken van mijn proefschrift. Ook Marieke
Smellink-Kleisman en Daniëlle Boelen voor jullie ondersteuning bij alle regel-dingetjes
en al mijn mede-promovendi binnen de vakgroep voor de gezellige gesprekken en leuke
Rookie-overleggen en uitjes.
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Maasstad ziekenhuis, Medisch Centrum Leeuwarden, Röpcke-zweers ziekenhuis en
Bernhoven ziekenhuis. Het vele werk wat jullie hebben verricht om het onderzoek tot
een succes te maken is onbeschrijfelijk. Ook alle ziekenhuisapothekers en personeel die
hebben geholpen, en alle patiënten die bereid waren tot deelname aan het onderzoek,
bedankt! Bastiaan Nuijen, bedankt voor de vele medicatie pakketjes die jij herhaaldelijk
gereed hebt gemaakt.
Lieve Riette, Jolanda, Jacqueline, Mirjam en Francis, wat heb ik ontzettend genoten van
alle gezellige lunches en met name de lekkere cappuccino’s. Ik kom met alle liefde nog
eens naar Enschede om deze traditie voort te zetten. Door jullie aanwezigheid heb ik
met veel plezier op het MST gewerkt! Lieve Mirjam, al je inzet, je KitKat taart recept en
research kennis, dit onderzoek was zonder jou niet van de grond gekomen; ontzettend
bedankt! Jolanda, je bent een GCP-held! Wat heb ik veel van je geleerd en wat vond ik
het fijn om je te kunnen raadplegen als ik het zelf even niet zeker wist! Francis en Marieke,
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de gezellige gesprekken op de donderdagen in het MST.
Daarnaast wil ik al mijn vrienden, verspreid over heel Nederland, bedanken voor alle
afleiding en gezelligheid die jullie me gedurende deze jaren in Deventer en Enschede
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ontzettend dankbaar dat ik zulke lieve vrienden om me heen heb. Lieve Richelle K.,
bedankt voor je steun en gezellige borrels, uitjes en etentjes gedurende deze jaren. Ik
ben ontzettend blij met jou als vriendin en ceremoniemeester, je bent een topper! Lieve
Jannicke, Moniek C., Michèlle en Caroline, onze vertrouwde voedingsmiepen groep.
Ik vond het heerlijk om met jullie te kunnen sparren en reisjes mee te pakken. Lieve
Suzan, ik vind het superleuk dat we nu zo dicht bij elkaar wonen. De boswandelingen
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