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Abstract

Gout is the most common type of inflammatory arthritis, and its impact on cardiovascular health and quality
of life is often underestimated. The prevalence and incidence of gout are increasing globally. Further,
ischemic heart disease (IHD) and chronic kidney disease (CKD) are prevalent in gout patients. Some unmet
needs for gout management include physicians' low initiation rate of urate-lowering therapy (ULT) and poor
treatment adherence in patients with gout. There is also a lack of randomized controlled trials that establish
safe doses of acute and long-term treatment for gout, particularly in patients with IHD and stage 4 CKD and
above (including end-stage renal failure). Furthermore, there is also a lack of studies showing optimal serum
uric acid (SUA) target and validated clinical outcome measures, including disease activity and remission
criteria for gout tailored to treat-to-target approaches and the high cost of newer gout medications. The
causal relationship between asymptomatic hyperuricemia or gout with comorbidities such as IHD and CKD
has yet to be fully elucidated. There is a pressing need for collaborative international efforts to address the
overall suboptimal management of gout.
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Introduction And Background
Introduction

Gout is a crystal-induced inflammatory arthropathy that is widely prevalent and has long been overlooked

in terms of clinical significance, despite its potentially debilitating nature with a negative impact on the
quality of life and cardiovascular health of those who suffer from it. It is one of the most frequent indications
for referral to rheumatology clinics. Despite its prevalence and numerous international guidelines on the
management of gout, many unmet needs remain. This review explores and addresses some of these unmet
needs. While our focus is on the Singaporean population, we believe that many of the issues raised will also
be relevant to the greater global population.

Background
Epidemiology in Singapore

Gout affects between <1% and 6% of the population globally, and the prevalence and incidence are
increasing [1]. A local study [2] investigating a large cohort of 52,332 Chinese men and women aged 45-74
years found a prevalence of 4.1% in Singapore Chinese. Further, the prevalence of gout reported in this
study may be underestimated in the Singapore population for several reasons. First, other ethnicities, such
as Malay and Indians, were not included in the study. However, the Malay and Indians accounted for 13.5%
and 9% of the population, respectively. Moreover, patients who presented with gout at a young age (before
the age of 35) were mostly excluded based on the age cut-off (minimum age of 45 years), and though not
explicitly stated, the majority of patients had gout for less than 10 years. Thus, patients who were not aware
of their diagnosis were also excluded. Consequently, the actual prevalence of gout in Singapore remains to
be determined.

In the same study, it was found that patients with gout had a higher risk of death from coronary heart disease
(CHD) (hazard ratio [HR]: 1.38, 95% confidence interval [CI]: 1.10-1.73) [2]. A systematic review and meta-
analysis examined the prevalence of different types of cardiovascular diseases in about one million gout
patients. Hypertension had the highest prevalence of 63.9%, followed by heart failure (8.7%), cerebral
vascular event (4.3%), and myocardial infarction (MI) (2.8%), indicating an overall increase in cardiovascular
risk burden in patients with gout [3].

Hyperuricemia, and consequently gout, has been associated with low glomerular filtration rates (GFRs),
CKD, and its progression [4]. In a meta-analysis that looked into the prevalence and risk of CKD and
nephrolithiasis in gout patients, the pooled prevalence of CKD stage >3 or more and nephrolithiasis in gout
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patients was 24% and 14%, respectively. It was also found that patients with gout were more than twice as
likely to have CKD stage >3 compared to those without gout [5]. This is also consistent with the data shown
in a more recent UK study with a large sample size of more than 600,000 patients, which showed a 29%
higher risk of gout patients progressing into advanced CKD compared to those without gout [6], including
end-stage renal failure (ESRF) [7]. In Singapore, patients with gout had a higher risk of death from CKD (HR:
5.81,95% CI: 3.61-9.37) [2], and they had concomitant comorbidities of CKD (32.3%) and ischemic heart
disease (THD) (20.2%) [8].

Review

Impact of hyperuricemia and gout on ischemic heart disease (IHD) and
chronic kidney disease (CKD)
Hyperuricemia and Gout with IHD

Uric acid (UA) metabolism is regulated by xanthine oxidoreductase, which converts hypoxanthine to
xanthine and then to UA. UA is further degraded to allantoin by uricase, which is then further degraded into
ammonia by urease. However, uricase is absent in humans, thus resulting in higher UA levels in vivo. Several
putative mechanisms for the relationship between UA and cardiovascular diseases (CVDs) have been
described. They include endothelial dysfunction, resulting in impaired secretion and loss of balance between
vasodilatory agents, such as nitric oxide, prostaglandin I2 (prostacyclin), and vasoconstrictors (e.g.,
endothelin-1, thromboxane A2, and angiotensin II). The production of reactive oxygen species (ROS),
particularly peroxynitrite, during excessive UA synthesis causes DNA damage, cell death, and lipid
peroxidation. These conditions cause the progression of atherosclerosis [9]. A meta-analysis of 14
prospective observational studies with more than 300,000 patients further highlighted the increased risk of
CVD secondary to high UA. The results from these studies indicate that for each increase of 1 mg/dl of serum
uric acid (SUA), the overall risks of IHD and all-cause mortality increased by 20% and 9%, respectively [10].
The Coronary Artery Risk Development in Young Adults (CARDIA) study showed that an increasing SUA
trajectory during young adulthood was associated with increased CVD incidence by middle age [11]. There is
also an increased risk of mortality related to CVD (HR 1.29, 95% CI: 1.14-1.44) [12]. This is particularly true
for patients with severe gout, characterized by elevated SUA concentrations (>0.55 mmol/L [>9.1 mg/dL]),
longer disease duration (>2 years), oligoarticular or polyarticular disease, and joint damage and tophi [13].
The 2018 European Society of Cardiology and European Society of Hypertension guidelines recommended
screening for SUA as part of a risk stratification strategy [14].

As the prevalence of both THD and CKD is high in patients with gout, it is essential to determine the added
risk of one condition to another. One meta-analysis examining 27,000 patients with CKD found that every 1
mg/dl increase in SUA levels led to a 12% increased risk of cardiovascular mortality [15]. In their 2016
guidelines on managing gout, the European Alliance of Associations for Rheumatology (EULAR)
recommended that patients with gout should be systematically screened for associated comorbidities and
cardiovascular risk factors, given the high prevalence of cardiovascular comorbidities in gout patients,
although the level of evidence to support the effectiveness of such an intervention on SUA is low [16]. The
2020 guidelines of the American College of Rheumatology (ACR) for gout [17] included conditional
recommendations to reduce alcohol intake, adopt a low-purine diet, and prioritize weight loss. However, the
screening of cardiovascular risk factors was not explicitly mentioned or recommended. Meanwhile, a
summary of two Cochrane systematic reviews that examined the efficacy and safety of lifestyle
interventions for treating gout [18] and a meta-analysis [19] that tested the relationship between different
dietary components (both high- and low-purine diets) and inherited genetic variants with SUA levels
showed little variation in SUA levels in the general population. Although gout is associated with an
increased prevalence of cardiovascular morbidity and mortality, there is a scarcity of high levels of evidence
on active screening, representing another unmet need in gout management.

Gout With CKD

Similarly, in CKD, endothelial dysfunction, activation of the renin-angiotensin-aldosterone system, and
oxidative stress are some of the proposed mechanisms through which UA affects the progression of CKD [20].
Whether UA is a causal factor inducing inflammation, oxidative stress, and endothelial dysfunction per se
has not been determined. One study used Mendelian randomization (MR) to evaluate the causal effect of
high SUA on CKD. Over 100,000 patients were involved, and 26 urate-associated single-nucleotide variants
(SNVs) were identified. However, the result did not support a causal association between SUA and the
presence of CKD or GFR [21]. However, in a meta-analysis and systemic review, a 1 mg/dl increase in SUA
levels was associated with an 8% increased mortality risk [22]. Thus, it is essential to treat gout in patients
with CKD. Unfortunately, the management of gout in this group of patients remains challenging due to the
increased risk of side effects from drugs, such as colchicine, nonsteroidal anti-inflammatory drugs (NSAIDs),
and allopurinol, the ineffectiveness of uricosuric agents, and the lack of evidence to support the use of
febuxostat and pegloticase in advanced CKD [23]. This will be further elaborated on in the following section.

Treatment of acute gout attacks
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Colchicine, nonsteroidal anti-inflammatory drugs (NSAIDs), and oral or intra-articular glucocorticoids (GC),
whether used alone or in combination, are recommended during an acute gout flare, with no prioritization
between the agents due to the lack of comparative evidence [16,17]. Therefore, the choice of acute agents
often depends on the physician's preference after considering the patient's comorbidities, allergy history,
and side effect profile. Anecdotally, patients' preference for infections over oral medications (or vice versa)
and previous experiences often influence physicians' decisions when making joint therapeutic decisions in
the real-world setting. There are, at present, no studies to substantiate this.

Colchicine

The AGREE (Acute Gout Flare Receiving Colchicine Evaluation) trial showed that low-dose colchicine is as
productive as a high-dose regime, achieving >50% pain reduction in patients with acute gout flare, with a
safety profile similar to placebo [24]. Concerns with colchicine used in patients with impaired kidney
function include neuromyopathy and rhabdomyolysis, particularly in the case of drug-drug interaction with
statins, cyclosporin, and clarithromycin as this group of patients tends to have more comorbidities requiring
more medications [25]. This is likely due to poor colchicine clearance, particularly in those with eGFR of <30

ml/min/1.73 m® Dialysis clearance of colchicine is poor as observed in a pharmacokinetic study [26]. There is
a scarcity of randomized controlled trials (RCTs) examining colchicine use in patients with impaired kidney
function, and most existing studies have varying dosing and frequency patterns [25]. Moreover, another
systemic review showed that there were occasions when patients with risk factors or contraindications for
colchicine were still prescribed it during gout flare [27]. This illustrates knowledge gaps for healthcare
providers when treating gout, highlighting an unmet need for evidence to support safe renally adjusted
colchicine dosing and selection criteria for gout patients with kidney impairment.

Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

NSAIDs are an effective treatment for gout flare but are associated with adverse effects, such as acute and
chronic renal failure, nephrotic syndrome, and tubulointerstitial nephritis (TIN) [28]. The mechanism of this
effect is associated with the inhibition of prostanoids, such as prostaglandin E2 (PGE2) and prostacyclin
(PGI2), resulting in poor renal perfusion. The inhibition of cyclooxygenases, such as COX-1 and COX2, by
NSAIDs also results in high blood pressure and sodium retention. Moreover, TIN can be caused by
glomerular basement membrane damage, reduction in pore size, and podocyte density due to the use of
NSAIDs [29]. A meta-analysis found that cyclooxygenase-2 (COX-2) inhibitors and traditional NSAIDs,
except naproxen, increased the risk of serious CV events and death [30]. In the PRECISION (Prospective
Randomized Evaluation of Celecoxib Integrated Safety versus Ibuprofen or Naproxen) trial, celecoxib, when
given in a moderate dose, was found to have a similar cardiovascular risk to naproxen, suggesting a dose and
risk association [31]. These issues further limit the treatment choices for gout flares, especially for gout
patients with kidney impairment, who also have increased cardiovascular risk factors.

Prednisolone

Prednisolone is an effective treatment for gout flare [32,33], particularly when colchicine and NSAIDs are
contraindicated due to kidney impairment. However, GC use should also be carefully contemplated in the
presence of comorbidities such as diabetes, hypertension, and infection, especially in patients with end-
stage renal disease (ESRD), as it can exacerbate these conditions.

Anti-interleukin 1 Agents

Anti-interleukin 1 (IL-1) receptor antagonists, such as anakinra [34-36], effectively relieve gout flare quickly.
Currently, there is no high-level evidence of their use in cases of advanced CKD. Canakinumab, an anti-IL1B
monoclonal antibody, effectively treats gout flares [37]. However, the costs and availability of both these
agents in Singapore limit their use.

The long-term management of gout
Evidence to Support the Initiation of Urate-Lowering Therapy (ULT)

ULT is the key to controlling and curing gout. As described previously, high SUA levels are associated with
cardiac comorbidities. The recently published ALL-HEART (Allopurinol Versus Usual Care in UK Patients
With Ischemic Heart Disease) trial [38] investigated whether allopurinol therapy improves major
cardiovascular outcomes (composite of nonfatal MI, nonfatal stroke, or cardiovascular death) in patients
with THD and asymptomatic hyperuricemia and found that allopurinol failed to improve major
cardiovascular outcomes. Another study also failed to demonstrate a delay in carotid atherosclerosis
progression in patients with asymptomatic hyperuricemia started on febuxostat [39].

Nevertheless, ULT commencement is essential in patients with gout and cardiovascular risk factors to reduce
cardiovascular risks and gout flares. A recent retrospective observational study in the United Kingdom
included 62,574 patients in a multivariable nested case-control study to investigate whether there was a
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transient increase in the risk of cardiovascular events (acute MI or stroke) after a recent gout flare. The
results showed that patients with cardiovascular risk factors were more likely to develop gout flares,
especially in the first 60 and 120 days, with odds ratios (ORs) of 1.93 [95% CI: 1.57-2.38]) and 1.06 [95% CI:
0.84-1.34)), respectively. Similarly, patients with gout flare also had significantly higher cardiovascular
event rates per 1000 person-days of 2.49 (95% CI: 2.16-2.82) and 2.16 (95% CI: 1.85-2.47), respectively, from
day 60 up to day 120. This highlights the importance of ULT in patients with gout to reduce cardiovascular
risk [40]. While allopurinol does not significantly reduce major adverse cardiac events (MACE) and mortality,
studies have demonstrated its blood pressure-lowering properties, possibly through a direct reduction of
xanthine oxidase-mediated oxidative stress, indicating the critical role of ULT in treating patients with
coronary artery disease (CAD) with or without gout [41]. Febuxostat was also found to have a reno-protective
effect and lower rates of microalbuminuria, progression to overt proteinuria, or worsening of overt
proteinuria to >300 mg/g creatinine [42,43]. ULT is recommended if there are two or more flares per year,
tophi and urate arthropathy, or renal calculi [16,17]. Based on a systemic review and meta-analysis,
moderate-quality evidence shows that initiating ULT during gout flare does not increase pain severity, the
risk of ULT discontinuation [44], or flare duration [45]. However, the initiation rate of ULT remains low. The
factors affecting ULT use will be explained in the following sections.

Treat-to-Target Strategy

Monosodium urate (MSU) crystals form when serum concentrations reach >6.0 mg/dl (>0.36 mmol/1),
typically in the peripheral joints, with a lower-than-core body temperature of 35°C [46]. MSU crystals then
activate monocytes and macrophages, resulting in the NLRP3 (NLR family pyrin domain containing 3)
inflammasome-mediated release of IL-1B and proinflammatory cytokines and recruitment of neutrophils to
the site of crystal deposition, driving the clinical features of gout [47]. The treat-to-target strategy has
gained popularity in the management of many rheumatological conditions. Major rheumatological societies
advocate using treat-to-target SUA strategies as part of the long-term management of gout. SUA levels of <6
mg/dl (<0.36 mmol/l) [16,17] and 5 mg/dl (<0.30 mmol/l) are recommended, with the latter target being for
patients with tophaceous gout [16].

In multiple studies, when gout patients were treated with an SUA target level of <6 mg/dl (<0.36 mmol/l), the
MSU crystal load in joints visualized with both ultrasound and dual-energy computed tomography (DECT)
was found to have reduced significantly [48-50]. It was observed that the baseline radiological MSU crystal
burden predicted a flare rate of up to two years, supporting the use of ULT early in the disease course [50,51].
Tophi regression and slowing of joint damage progression were also observed in patients who responded to
ULT to achieve an SUA level <6 mg/dl (<0.36 mmol/1) [50,52]. The findings from the Italian Uric Acid Right
for Heart Health (URRAH) study showed the cardiovascular implications of SUA. Specifically, SUA was
identified as an independent factor associated with total and cardiovascular deaths via multivariate analyses
(HR = 2.08, 95% CI: 1.146-2.97; P < 0.001), which further established the association between SUA levels and
cardiovascular risk. However, the SUA level that was found to predict cardiovascular mortality according to
the heart score risk chart was 5.6 mg/d [53]. A more intensive ULT regime targeting an SUA level of <3.4
mg/dl (<0.20 mmol/l) showed similar clinical benefits according to the Outcome Measures in Rheumatology
(OMERACT) core outcome domains (gout flare, tophi, pain, patient's global assessment of disease activity,
health-related quality of life, and activity limitation) compared to patients with a target SUA of <5.0 mg/dl
(<0.30 mmol/1) [54]. The benefits of achieving lower SUA targets are still unclear, apart from a potential
neuroprotective effect seen in observational studies [55-57]. Further, there has been a lack of focus on
composite clinical outcome measures in all the major gout trials. These issues highlight the gaps in gout
management and warrant more research to identify the best SUA targets and validated clinical outcome
measures, including measuring disease activities and remission criteria for gout tailored to the treat-to-
target approach [58].

Xanthine Oxidase Inhibitors (XOI)

Hande et al. recommended allopurinol dosing based on creatinine clearance [59]. ACR 2021 recommended
starting allopurinol lower (€100 mg/day and febuxostat (€40 mg/day) in patients with CKD (stage >3) [17].
The CARES (Cardiovascular Safety of Febuxostat and Allopurinol in Patients with Gout and Cardiovascular
Morbidities) trial [60] demonstrated increased cardiac-related mortality with the use of febuxostat; however,
this was not seen in the PRIZE (Program of Vascular Evaluation Under Uric Acid Control by Xanthine
Oxidase Inhibitor, Febuxostat) [39], FREED (Febuxostat for Cerebral and Cardiorenovascular Events
Prevention Study) [43], FEATHER (Febuxostat Versus Placebo Randomized Controlled Trial Regarding
Reduced Renal Function in Patients With Hyperuricemia Complicated by Chronic Kidney Disease Stage

3) [61], or FAST (long-term cardiovascular safety of febuxostat compared with allopurinol in patients with
gout) [62] trials. Even so, the United States Food and Drug Administration (FDA) has yet to lift the black box
warning of increased cardiac-related death using febuxostat. This may continue to cause hesitance in
doctors to prescribe febuxostat in patients with IHD. Similarly, while UA levels predict the progression of
CKD, in three systematic reviews and meta-analyses reviewing the effect of ULT on renal outcomes in CKD
patients, ULT resulted in modest improvements in creatinine and eGFR and slowed the progression of CKD.
Most studies included were small, single-center, observational cohort studies with short durations or follow-
up periods [63-65]. More recent RCTs, such as the FEATHER [61], PERL (serum urate lowering with
allopurinol and kidney function in type 1 diabetes) [66], and CKD-FIX (Controlled trial of slowing of Kidney
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Disease progression From the Inhibition of Xanthine oxidase) [67] trials, did not show clinically meaningful
benefits with SUA reduction using allopurinol and febuxostat in patients with CKD up to stage 4 without
gout. Further, a Taiwanese paper showed that allopurinol and febuxostat are associated with cutaneous
adverse reactions (CARs), including fatal CAR, although the frequency was higher in the allopurinol group
[68]. However, another study showed that the hypersensitivity reaction (HSR) rate did not differ significantly
between allopurinol and febuxostat use [69]. Risk factors of CAR include a high initiation dose of allopurinol
[68,70] and poorer kidney function [70,71], especially when HLA-B5801 is present, although these were not
observed in a febuxostat group [68]. Allopurinol and febuxostat have also been associated with acute kidney
failure. A post-marketing study reported that the risk of acute renal failure (ARF) was 5.7 and 3.3 times more
frequent with febuxostat and allopurinol, respectively, than with other drugs, such as NSAIDs, diuretics,
antibiotics, and immunosuppressive therapies [72]. In a study that enrolled 96 people with an eGFR range of

15-50 ml/min/1.73 m?2 (37.5% were stage 4 CKD patients), febuxostat use up to 80 mg daily did not result in a
decline in renal function [73]. In many other studies involving febuxostat, such as the PRIZE [39], FREED
[43], CARES [60], FEATHER [61], and FAST [62] trials, patients with CKD 4 and above were excluded. Thus,
there is a need to study the efficacy, optimal dose, and safety of febuxostat in patients with CKD 4 and
above, especially when allopurinol is contraindicated. This is of paramount importance for Singapore as
most of the population is descended from Han Chinese, with whom the HLA-B5801 association with severe
cutaneous adverse reactions (SCAR) is well established.

Uricosuric Agents

Uricosuric is recommended when there is a contraindication or lack of treatment response to XOI [16,17].
However, uricosuric agent use is limited in renally impaired patients. Further, uricosuric agents require
adequate hydration, which is detrimental to patients with poor cardiac and renal function, to prevent UA
nephrolithiasis. Probenecid is contraindicated in patients with eGFR < 50 ml/minute, urate nephrolithiasis,
and drug-drug interaction. Lesinurad and lesinurad plus allopurinol combination tablets were withdrawn
from the US market. These drugs were expensive and included a black box warning of acute kidney failure
from the FDA [74]. Benzbromarone is a potent ULT comparable to allopurinol, and its efficacy in reducing
gout flares and tophi reduction has been established in multiple studies [75-77]. It can be used in patients
with eGFR of >30 ml/minute. However, benzbromarone was withdrawn from the European market due to
hepatotoxicity concerns [78]. In Singapore, benzbromarone is approved for use as a uricosuric agent.

Uricases

The lack of uricase in humans results in the inability to convert UA to allantoin, a water-soluble molecule
readily excreted by the kidneys, leading to UA accumulation. Pegloticase, a polyethylene glycol (PEG)
uricase, helps reduce SUA levels [79] and tophi burden in patients with chronic severe gout who are
refractory or intolerant to conventional ULT [52]. Evidence regarding the long-term use of pegloticase is
lacking. Infusion reactions, including anaphylaxis, are attributed to the development of anti-drug antibodies
(ADA) and are the most common side effect of pegloticase use, which render pegloticase ineffective
[52,79,80]. Because of the presence of ADA, the concomitant use of pegloticase with methotrexate (MTX)
was studied, and an improved pegloticase response rate was observed in the case series [81,32]. In the recent
EULAR 2022 congress, the MIRROR (Pegloticase in Combination With Methotrexate in Patients With
Uncontrolled Gout) trial showed a marked pegloticase response rate at month 6 when pegloticase was used
with MTX compared to pegloticase monotherapy [83]. This suggests more applicability and may lead to
confidence in pegloticase use in the future. However, the high cost and lack of availability limit the usage of
pegloticase in Singapore.

Barriers to the initiation, escalation, and adherence to treatment

In the United Kingdom, Australia, and China, it was found that non-rheumatologists, general practitioners
(GPs), and primary care nurses were frequently unaware or poorly versed in the management principles
reflected in the gout treatment guidelines [84-86]. This lack of knowledge led to doctors' reluctance to
initiate ULT, and patients with gout had low adherence to and continuation of ULT [87]. The initiation rate of
ULT in gout patients is low. Only 20%-30% of patients in the United Kingdom were prescribed ULT [88,89].
Some of the physician-related factors identified were a lack of information about the safety of ULT, the need
to continue ULT during acute attacks, and the need for long-term ULT to cure gout [84] potentially. A
Singapore study revealed that while 67% of patients in the cohort were started on ULT, only 22% achieved
SUA targets. This study also found that patients with two or more comorbidities had higher odds of attaining
the ULT target. This signals that regular healthcare reviews may positively influence health behaviors and
ensure prescription refills, and that optimal gout management is possible even in multiple comorbidities
[8,90].

In multiple international studies, the adherence rate of patients to ULT was only found to reach 47% [88,91-
93]. Further, the 12-month persistent adherence rate for this group of patients was even lower at 28%
[88,92,94]. A lack of counseling by care providers, poor understanding of potential gout flares during the
initiation of ULT, and insufficient awareness of ULT as a long-term treatment for gout were some of the
reasons for poor adherence observed in the United States and China [95,96]. Another factor that may limit
allopurinol use is the concern of developing a severe CAR (SCAR). In a local study on hospitalized patients
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with drug allergies, allopurinol was the culprit in 5.7% of patients. It accounted for 38% of cases of drug rash
with eosinophilia and systemic symptoms (DRESS). Interventions are available to address and improve the
issues described above. A study in the United States involving 665 primary care physicians found that
didactic lectures on gout could improve the physicians' knowledge and change their practice in line with
clinical guidelines, including knowing target SUA levels, when to initiate ULT, and how to manage acute and
chronic gout [97]. Education of patients by healthcare providers is an effective strategy for motivating
patients to adhere to ULT [87,98]. Optimal treatment of gout is achievable with a multidisciplinary approach
focused on improving physicians' prescription habits and increasing patients' education and empowerment.
A local study showed that following this approach, the percentage of gout patients achieving target SUA
levels improved from 27% to 72% in one year [99]. Education, through a predominantly nurse-led
intervention, can improve adherence dramatically, with 92% of patients achieving their target levels in one
study [100]. Locally, there are also pharmacist-led gout clinics and nurse-led interventions to help address
patients' concerns related to gout treatment.

Another barrier to gout treatment in Singapore is the cost of medications. Expensive medications are funded
through a complex mix of personal out-of-pocket payment, hospitalization-focused personal and
government-aided medical insurance schemes, and limited government subsidies, which are only available
to patients in lower income classes. The Medication Assistance Fund (MAF) was established in 2013 to
support the prescription of expensive drugs for specific clinical indications. Another scheme, the MAF Plus
scheme, was launched for patients taking high-cost drugs that are not on the standard drug list (SDL) or
MAF list. Costly gout treatments, such as anakinra, pegloticase, febuxostat, and benzbromarone, do not fall
under the SDL and MAF and can thus only be considered for the MAF Plus scheme on a case-by-case basis.
While these supports exist for patients who cannot afford certain medications, the application process can be
tedious. The need to produce supporting documents, for example, from working children even if they do not
live with the involved patients and patients' unwillingness to burden their children are some factors that
may deter patients from applying for this aid.

Conclusions

The continuous increase in the prevalence and incidence of gout globally is worrisome as it contributes to
the increasing prevalence and incidence of associated comorbidities. This is further exacerbated by poor ULT
uptake, adherence, and persistence. The review identified the following unmet needs in gout management:
an accurate and up-to-date prevalence of gout locally, the need for more high-level evidence that supports
active screening of SUA in patients with CVD, the need for RCTs to establish safe doses of acute and long-
term treatment for gout, particularly in patients with IHD and stage 4 CKD and above (including ESRD),
measures to improve the initiation rate of ULT by physicians and patient adherence to treatment, and, last
but not least, the need for studies that show optimal SUA targets and validated clinical outcome measures
(including the measurement of disease activities and remission criteria for treat-to-target approaches in the
management of gout). Collaborative international efforts are crucial for improving the widespread
suboptimal management of gout.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Dehlin M, Jacobsson L, Roddy E: Global epidemiology of gout: prevalence, incidence, treatment patterns
and risk factors. Nat Rev Rheumatol. 2020, 16:380-90. 10.1038/s41584-020-0441-1

2. Teng GG, Ang LW, Saag KG, Yu MC, Yuan JM, Koh WP: Mortality due to coronary heart disease and kidney
disease among middle-aged and elderly men and women with gout in the Singapore Chinese Health Study.
Ann Rheum Dis. 2012, 71:924-8. 10.1136/ard.2011.200523

3. Cox P, Gupta S, Zhao SS, Hughes DM: The incidence and prevalence of cardiovascular diseases in gout: a
systematic review and meta-analysis. Rheumatol Int. 2021, 41:1209-19. 10.1007/500296-021-04876-6

4. PianiF, Sasai F, Bjornstad P, et al.: Hyperuricemia and chronic kidney disease: to treat or not to treat . ] Bras
Nefrol. 2021, 43:572-9. 10.1590/2175-8239-]BN-2020-U002

5. Roughley MJ, Belcher J, Mallen CD, Roddy E: Gout and risk of chronic kidney disease and nephrolithiasis:
meta-analysis of observational studies. Arthritis Res Ther. 2015, 17:90. 10.1186/s13075-015-0610-9

6. Stack AG, Johnson ME, Blak B, et al.: Gout and the risk of advanced chronic kidney disease in the UK health
system: a national cohort study. BMJ Open. 2019, 9:e031550. 10.1136/bmjopen-2019-031550

7. YuKH, Kuo CF, Luo SF, See LC, Chou IJ, Chang HC, Chiou MJ: Risk of end-stage renal disease associated
with gout: a nationwide population study. Arthritis Res Ther. 2012, 14:R83. 10.1186/ar3806

8. Chua CK, Cheung PP, Santosa A, Lim AY, Teng GG: Burden and management of gout in a multi-ethnic Asian
cohort. Rheumatol Int. 2020, 40:1029-35. 10.1007/s00296-019-04475-6

2023 Lee et al. Cureus 15(3): €36682. DOI 10.7759/cureus.36682 6 of 10


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1038/s41584-020-0441-1
https://dx.doi.org/10.1038/s41584-020-0441-1
https://dx.doi.org/10.1136/ard.2011.200523
https://dx.doi.org/10.1136/ard.2011.200523
https://dx.doi.org/10.1007/s00296-021-04876-6
https://dx.doi.org/10.1007/s00296-021-04876-6
https://dx.doi.org/10.1590/2175-8239-JBN-2020-U002
https://dx.doi.org/10.1590/2175-8239-JBN-2020-U002
https://dx.doi.org/10.1186/s13075-015-0610-9
https://dx.doi.org/10.1186/s13075-015-0610-9
https://dx.doi.org/10.1136/bmjopen-2019-031550
https://dx.doi.org/10.1136/bmjopen-2019-031550
https://dx.doi.org/10.1186/ar3806
https://dx.doi.org/10.1186/ar3806
https://dx.doi.org/10.1007/s00296-019-04475-6
https://dx.doi.org/10.1007/s00296-019-04475-6

Cureus

10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

Maruhashi T, Hisatome I, Kihara Y, Higashi Y: Hyperuricemia and endothelial function: from molecular
background to clinical perspectives. Atherosclerosis. 2018, 278:226-31.
10.1016/j.atherosclerosis.2018.10.007

Zuo T, Liu X, Jiang L, Mao S, Yin X, Guo L: Hyperuricemia and coronary heart disease mortality: a meta-
analysis of prospective cohort studies. BMC Cardiovasc Disord. 2016, 16:207. 10.1186/512872-016-0379-z
Morikawa N, Bancks MP, Yano Y, et al.: Serum urate trajectory in young adulthood and incident
cardiovascular disease events by middle age: CARDIA study. Hypertension. 2021, 78:1211-18.
10.1161/HYPERTENSIONAHA.121.17555

Clarson LE, Chandratre P, Hider SL, Belcher ], Heneghan C, Roddy E, Mallen CD: Increased cardiovascular
mortality associated with gout: a systematic review and meta-analysis. Eur ] Prev Cardiol. 2015, 22:335-43.
10.1177/2047487313514895

Disveld IJ, Fransen ], Rongen GA, Kienhorst LB, Zoakman S, Janssens HJ, Janssen M: Crystal-proven gout
and characteristic gout severity factors are associated with cardiovascular disease. ] Rheumatol. 2018,
45:858-63. 10.3899/jrheum.170555

Williams B, Mancia G, Spiering W, et al.: 2018 ESC/ESH Guidelines for the management of arterial
hypertension. Eur Heart J. 2018, 39:3021-104. 10.1093/eurheartj/ehy339

Luo Q, Xia X, Li B, Lin Z, Yu X, Huang F: Serum uric acid and cardiovascular mortality in chronic kidney
disease: a meta-analysis. BMC Nephrol. 2019, 20:18. 10.1186/s12882-018-11453-7

Richette P, Doherty M, Pascual E, et al.: 2016 updated EULAR evidence-based recommendations for the
management of gout. Ann Rheum Dis. 2017, 76:29-42. 10.1136/annrheumdis-2016-209707

FitzGerald ]D, Dalbeth N, Mikuls T, et al.: 2020 American College of Rheumatology Guideline for the
Management of Gout. Arthritis Care Res (Hoboken). 2020, 72:744-60. 10.1002/acr.24180

Moi JH, Sriranganathan MK, Falzon L, Edwards CJ, van der Heijde DM, Buchbinder R: Lifestyle interventions
for the treatment of gout: a summary of 2 Cochrane systematic reviews. ] Rheumatol Suppl. 2014, 92:26-32.
10.3899/jrheum.140459

Major TJ, Topless RK, Dalbeth N, Merriman TR: Evaluation of the diet wide contribution to serum urate
levels: meta-analysis of population based cohorts. BMJ. 2018, 363:k3951. 10.1136/bmj.k3951

Johnson RJ, Bakris GL, Borghi C, et al.: Hyperuricemia, acute and chronic kidney disease, hypertension, and
cardiovascular disease: report of a scientific workshop organized by the National Kidney Foundation. Am ]
Kidney Dis. 2018, 71:851-65. 10.1053/j.ajkd.2017.12.009

Jordan DM, Choi HK, Verbanck M, et al.: No causal effects of serum urate levels on the risk of chronic kidney
disease: a Mendelian randomization study. PLoS Med. 2019, 16:e1002725. 10.1371/journal.pmed.1002725
Xia X, Luo Q, Li B, Lin Z, Yu X, Huang F: Serum uric acid and mortality in chronic kidney disease: a
systematic review and meta-analysis. Metabolism. 2016, 65:1326-41. 10.1016/j.metabol.2016.05.009

Stamp LK, Farquhar H, Pisaniello HL, et al.: Management of gout in chronic kidney disease: a G-CAN
Consensus Statement on the research priorities. Nat Rev Rheumatol. 2021, 17:633-41. 10.1038/s41584-021-
00657-4

Terkeltaub RA, Furst DE, Bennett K, Kook KA, Crockett RS, Davis MW: High versus low dosing of oral
colchicine for early acute gout flare: twenty-four-hour outcome of the first multicenter, randomized,
double-blind, placebo-controlled, parallel-group, dose-comparison colchicine study. Arthritis Rheum. 2010,
62:1060-8. 10.1002/art.27327

Pisaniello HL, Fisher MC, Farquhar H, Vargas-Santos AB, Hill CL, Stamp LK, Gaffo AL: Efficacy and safety of
gout flare prophylaxis and therapy use in people with chronic kidney disease: a gout, hyperuricemia and
crystal-associated disease network (G-CAN)-initiated literature review. Arthritis Res Ther. 2021, 23:130.
10.1186/s13075-021-02416-y

Wason S, Mount D, Faulkner R: Single-dose, open-label study of the differences in pharmacokinetics of
colchicine in subjects with renal impairment, including end-stage renal disease. Clin Drug Investig. 2014,
34:845-55. 10.1007/s40261-014-0238-6

Curiel RV, Guzman NJ: Challenges associated with the management of gouty arthritis in patients with
chronic kidney disease: a systematic review. Semin Arthritis Rheum. 2012, 42:166-78.
10.1016/j.semarthrit.2012.03.013

Munar MY, Singh H: Drug dosing adjustments in patients with chronic kidney disease . Am Fam Physician.
2007, 75:1487-96.

Drozdzal S, Lechowicz K, Szostak B, et al.: Kidney damage from nonsteroidal anti-inflammatory drugs-myth
or truth? Review of selected literature. Pharmacol Res Perspect. 2021, 9:e00817. 10.1002/prp2.817

Harbin M, Turgeon RD, Kolber MR: Cardiovascular safety of NSAIDs. Can Fam Physician. 2014, 60:e166.
Nissen SE: Cardiovascular safety of celecoxib, naproxen, or ibuprofen for arthritis . N Engl ] Med. 2017,
376:1390. 10.1056/NEJMc1702534

Janssens HJ, Janssen M, van de Lisdonk EH, van Riel PL, van Weel C: Use of oral prednisolone or naproxen
for the treatment of gout arthritis: a double-blind, randomised equivalence trial. Lancet. 2008, 371:1854-60.
10.1016/S0140-6736(08)60799-0

Man CY, Cheung IT, Cameron PA, Rainer TH: Comparison of oral prednisolone/paracetamol and oral
indomethacin/paracetamol combination therapy in the treatment of acute goutlike arthritis: a double-blind,
randomized, controlled trial. Ann Emerg Med. 2007, 49:670-7. 10.1016/j.annemergmed.2006.11.014

Saag KG, Khanna PP, Keenan RT, et al.: A randomized, phase II study evaluating the efficacy and safety of
Anakinra in the treatment of gout flares. Arthritis Rheumatol. 2021, 73:1533-42. 10.1002/art.41699

Liew JW, Gardner GC: Use of Anakinra in hospitalized patients with crystal-associated arthritis . |
Rheumatol. 2019, 46:1345-9. 10.3899/jrheum.181018

Ahmed HM, Sun D, Gaffo A: Factors affecting response to Anakinra in crystalline arthritis flares . J Clin
Rheumatol. 2022, 28:196-200. 10.1097/RHU.0000000000001831

Solomon DH, Glynn R], MacFadyen JG, Libby P, Thuren T, Everett BM, Ridker PM: Relationship of
interleukin-1p blockade with incident gout and serum uric acid levels: exploratory analysis of a randomized
controlled trial. Ann Intern Med. 2018, 169:535-42. 10.7326/M18-1167

Mackenzie IS, Hawkey CJ, Ford I, et al.: Allopurinol versus usual care in UK patients with ischaemic heart

2023 Lee et al. Cureus 15(3): €36682. DOI 10.7759/cureus.36682

7 of 10


https://dx.doi.org/10.1016/j.atherosclerosis.2018.10.007
https://dx.doi.org/10.1016/j.atherosclerosis.2018.10.007
https://dx.doi.org/10.1186/s12872-016-0379-z
https://dx.doi.org/10.1186/s12872-016-0379-z
https://dx.doi.org/10.1161/HYPERTENSIONAHA.121.17555
https://dx.doi.org/10.1161/HYPERTENSIONAHA.121.17555
https://dx.doi.org/10.1177/2047487313514895
https://dx.doi.org/10.1177/2047487313514895
https://dx.doi.org/10.3899/jrheum.170555
https://dx.doi.org/10.3899/jrheum.170555
https://dx.doi.org/10.1093/eurheartj/ehy339
https://dx.doi.org/10.1093/eurheartj/ehy339
https://dx.doi.org/10.1186/s12882-018-1143-7
https://dx.doi.org/10.1186/s12882-018-1143-7
https://dx.doi.org/10.1136/annrheumdis-2016-209707
https://dx.doi.org/10.1136/annrheumdis-2016-209707
https://dx.doi.org/10.1002/acr.24180
https://dx.doi.org/10.1002/acr.24180
https://dx.doi.org/10.3899/jrheum.140459
https://dx.doi.org/10.3899/jrheum.140459
https://dx.doi.org/10.1136/bmj.k3951
https://dx.doi.org/10.1136/bmj.k3951
https://dx.doi.org/10.1053/j.ajkd.2017.12.009
https://dx.doi.org/10.1053/j.ajkd.2017.12.009
https://dx.doi.org/10.1371/journal.pmed.1002725
https://dx.doi.org/10.1371/journal.pmed.1002725
https://dx.doi.org/10.1016/j.metabol.2016.05.009
https://dx.doi.org/10.1016/j.metabol.2016.05.009
https://dx.doi.org/10.1038/s41584-021-00657-4
https://dx.doi.org/10.1038/s41584-021-00657-4
https://dx.doi.org/10.1002/art.27327
https://dx.doi.org/10.1002/art.27327
https://dx.doi.org/10.1186/s13075-021-02416-y
https://dx.doi.org/10.1186/s13075-021-02416-y
https://dx.doi.org/10.1007/s40261-014-0238-6
https://dx.doi.org/10.1007/s40261-014-0238-6
https://dx.doi.org/10.1016/j.semarthrit.2012.03.013
https://dx.doi.org/10.1016/j.semarthrit.2012.03.013
https://www.aafp.org/link_out?pmid=17555141
https://dx.doi.org/10.1002/prp2.817
https://dx.doi.org/10.1002/prp2.817
http://www.cfp.ca/cgi/pmidlookup?view=long&pmid=24627399
https://dx.doi.org/10.1056/NEJMc1702534
https://dx.doi.org/10.1056/NEJMc1702534
https://dx.doi.org/10.1016/S0140-6736(08)60799-0
https://dx.doi.org/10.1016/S0140-6736(08)60799-0
https://dx.doi.org/10.1016/j.annemergmed.2006.11.014
https://dx.doi.org/10.1016/j.annemergmed.2006.11.014
https://dx.doi.org/10.1002/art.41699
https://dx.doi.org/10.1002/art.41699
https://dx.doi.org/10.3899/jrheum.181018
https://dx.doi.org/10.3899/jrheum.181018
https://dx.doi.org/10.1097/RHU.0000000000001831
https://dx.doi.org/10.1097/RHU.0000000000001831
https://dx.doi.org/10.7326/M18-1167
https://dx.doi.org/10.7326/M18-1167
https://dx.doi.org/10.1016/S0140-6736(22)01657-9

Cureus

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

disease (ALL-HEART): a multicentre, prospective, randomised, open-label, blinded-endpoint trial. Lancet.
2022, 400:1195-205. 10.1016/S0140-6736(22)01657-9

Tanaka A, Taguchi I, Teragawa H, et al.: Febuxostat does not delay progression of carotid atherosclerosis in
patients with asymptomatic hyperuricemia: a randomized, controlled trial. PLoS Med. 2020, 17:e1003095.
10.1371/journal.pmed.1003095

Cipolletta E, Tata L], Nakafero G, Avery AJ, Mamas MA, Abhishek A: Association between gout flare and
subsequent cardiovascular events among patients with gout. JAMA. 2022, 328:440-50.
10.1001/jama.2022.11390

Kaul S, Gupta M, Bandyopadhyay D, et al.: Gout pharmacotherapy in cardiovascular diseases: a review of
utility and outcomes. Am | Cardiovasc Drugs. 2021, 21:499-512. 10.1007/s40256-020-00459-1

Kielstein JT, Pontremoli R, Burnier M: Management of hyperuricemia in patients with chronic kidney
disease: a focus on renal protection. Curr Hypertens Rep. 2020, 22:102. 10.1007/s11906-020-01116-3
Kojima S, Matsui K, Hiramitsu S, et al.: Febuxostat for cerebral and cardiorenovascular events prevention
study. Eur Heart J. 2019, 40:1778-86. 10.1093/eurheartj/ehz119

Eminaga F, La-Crette ], Jones A, Abhishek A: Does the initiation of urate-lowering treatment during an
acute gout attack prolong the current episode and precipitate recurrent attacks: a systematic literature
review. Rheumatol Int. 2016, 36:1747-52. 10.1007/500296-016-3579-z

Jia E, Yao X, Geng H, et al.: The effect of initiation of urate-lowering treatment during a gout flare on the
current episode: a meta-analysis of randomized controlled trials. Adv Rheumatol. 2022, 62:5.
10.1186/542358-022-00236-5

Loeb JN: The influence of temperature on the solubility of monosodium urate . Arthritis Rheum. 1972,
15:189-92. 10.1002/art.1780150209

So AK, Martinon F: Inflammation in gout: mechanisms and therapeutic targets. Nat Rev Rheumatol. 2017,
13:639-47. 10.1038/nrrheum.2017.155

Hammer HB, Karoliussen L, Terslev L, Haavardsholm EA, Kvien TK, Uhlig T: Ultrasound shows rapid
reduction of crystal depositions during a treat-to-target approach in gout patients: 12-month results from
the NOR-gout study. Ann Rheum Dis. 2020, 79:1500-5. 10.1136/annrheumdis-2020-217392

Uhlig T, Eskild T, Karoliussen LF, et al.: Two-year reduction of dual-energy CT urate depositions during a
treat-to-target strategy in gout in the NOR-gout longitudinal study. Rheumatology (Oxford). 2022, 61:81-5.
10.1093/rheumatology/keab533

Dalbeth N, Billington K, Doyle A, et al.: Effects of allopurinol dose escalation on bone erosion and urate
volume in gout: a dual-energy computed tomography imaging study within a randomized, controlled trial.
Arthritis Rheumatol. 2019, 71:1739-46. 10.1002/art.40929

Uhlig T, Karoliussen LF, Sexton ], Kvien TK, Haavardsholm EA, Perez-Ruiz F, Hammer HB: One- and 2-year
flare rates after treat-to-target and tight-control therapy of gout: results from the NOR-gout study. Arthritis
Res Ther. 2022, 24:88. 10.1186/s13075-022-02772-3

Baraf HS, Becker MA, Gutierrez-Urena SR, et al.: Tophus burden reduction with pegloticase: results from
phase 3 randomized trials and open-label extension in patients with chronic gout refractory to
conventional therapy. Arthritis Res Ther. 2013, 15:R137. 10.1186/ar4318

Del Pinto R, Viazzi F, Pontremoli R, Ferri C, Carubbi F, Russo E: The URRAH study. Panminerva Med. 2021,
63:416-23. 10.23736/S0031-0808.21.04357-3

Dalbeth N, Doyle AJ, Billington K, et al.: Intensive serum urate lowering with oral urate-lowering therapy
for erosive gout: a randomized double-blind controlled trial. Arthritis Rheumatol. 2022, 74:1059-69.
10.1002/art.42055

Chen H, Mosley TH, Alonso A, Huang X: Plasma urate and Parkinson's disease in the Atherosclerosis Risk in
Communities (ARIC) study. Am ] Epidemiol. 2009, 169:1064-9. 10.1093/aje/kwp033

Kim TS, Pae CU, Yoon SJ, et al.: Decreased plasma antioxidants in patients with Alzheimer's disease . Int |
Geriatr Psychiatry. 2006, 21:344-8. 10.1002/gps. 1469

Latourte A, Soumaré A, Bardin T, Perez-Ruiz F, Debette S, Richette P: Uric acid and incident dementia over
12 years of follow-up: a population-based cohort study. Ann Rheum Dis. 2018, 77:328-35.
10.1136/annrheumdis-2016-210767

Stamp LK, Dalbeth N: Critical appraisal of serum urate targets in the management of gout . Nat Rev
Rheumatol. 2022, 18:603-9. 10.1038/s41584-022-00816-1

Hande KR, Noone RM, Stone WJ: Severe allopurinol toxicity. Description and guidelines for prevention in
patients with renal insufficiency. Am ] Med. 1984, 76:47-56. 10.1016/0002-9343(84)90743-5

White WB, Saag KG, Becker MA, et al.: Cardiovascular safety of febuxostat or allopurinol in patients with
gout. N Engl ] Med. 2018, 378:1200-10. 10.1056/NEJMoal710895

Kimura K, Hosoya T, Uchida S, et al.: Febuxostat therapy for patients with stage 3 CKD and asymptomatic
hyperuricemia: a randomized trial. Am | Kidney Dis. 2018, 72:798-810. 10.1053/j.ajkd.2018.06.028
Mackenzie IS, Ford I, Nuki G, et al.: Long-term cardiovascular safety of febuxostat compared with
allopurinol in patients with gout (FAST): a multicentre, prospective, randomised, open-label, non-
inferiority trial. Lancet. 2020, 396:1745-57. 10.1016/S0140-6736(20)32234-0

Kanji T, Gandhi M, Clase CM, Yang R: Urate lowering therapy to improve renal outcomes in patients with
chronic kidney disease: systematic review and meta-analysis. BMC Nephrol. 2015, 16:58. 10.1186/512882-
015-0047-z

Wang H, Wei Y, Kong X, Xu D: Effects of urate-lowering therapy in hyperuricemia on slowing the
progression of renal function: a meta-analysis. ] Ren Nutr. 2013, 23:389-96. 10.1053/j.jrn.2012.08.005

Bose B, Badve SV, Hiremath SS, et al.: Effects of uric acid-lowering therapy on renal outcomes: a systematic
review and meta-analysis. Nephrol Dial Transplant. 2014, 29:406-13. 10.1093/ndt/gft378

Doria A, Galecki AT, Spino C, et al.: Serum urate lowering with allopurinol and kidney function in type 1
diabetes. N Engl ] Med. 2020, 382:2493-503. 10.1056/NEJMoal916624

Badve SV, Pascoe EM, Tiku A, et al.: Effects of allopurinol on the progression of chronic kidney disease . N
Engl ] Med. 2020, 382:2504-13. 10.1056/NEJMoal915833

Lin CW, Huang WI, Chao PH, Chen WW, Hsiao FY: Risk of cutaneous adverse reactions associated with

2023 Lee et al. Cureus 15(3): €36682. DOI 10.7759/cureus.36682

8 of 10


https://dx.doi.org/10.1016/S0140-6736(22)01657-9
https://dx.doi.org/10.1371/journal.pmed.1003095
https://dx.doi.org/10.1371/journal.pmed.1003095
https://dx.doi.org/10.1001/jama.2022.11390
https://dx.doi.org/10.1001/jama.2022.11390
https://dx.doi.org/10.1007/s40256-020-00459-1
https://dx.doi.org/10.1007/s40256-020-00459-1
https://dx.doi.org/10.1007/s11906-020-01116-3
https://dx.doi.org/10.1007/s11906-020-01116-3
https://dx.doi.org/10.1093/eurheartj/ehz119
https://dx.doi.org/10.1093/eurheartj/ehz119
https://dx.doi.org/10.1007/s00296-016-3579-z
https://dx.doi.org/10.1007/s00296-016-3579-z
https://dx.doi.org/10.1186/s42358-022-00236-5
https://dx.doi.org/10.1186/s42358-022-00236-5
https://dx.doi.org/10.1002/art.1780150209
https://dx.doi.org/10.1002/art.1780150209
https://dx.doi.org/10.1038/nrrheum.2017.155
https://dx.doi.org/10.1038/nrrheum.2017.155
https://dx.doi.org/10.1136/annrheumdis-2020-217392
https://dx.doi.org/10.1136/annrheumdis-2020-217392
https://dx.doi.org/10.1093/rheumatology/keab533
https://dx.doi.org/10.1093/rheumatology/keab533
https://dx.doi.org/10.1002/art.40929
https://dx.doi.org/10.1002/art.40929
https://dx.doi.org/10.1186/s13075-022-02772-3
https://dx.doi.org/10.1186/s13075-022-02772-3
https://dx.doi.org/10.1186/ar4318
https://dx.doi.org/10.1186/ar4318
https://dx.doi.org/10.23736/S0031-0808.21.04357-3
https://dx.doi.org/10.23736/S0031-0808.21.04357-3
https://dx.doi.org/10.1002/art.42055
https://dx.doi.org/10.1002/art.42055
https://dx.doi.org/10.1093/aje/kwp033
https://dx.doi.org/10.1093/aje/kwp033
https://dx.doi.org/10.1002/gps.1469
https://dx.doi.org/10.1002/gps.1469
https://dx.doi.org/10.1136/annrheumdis-2016-210767
https://dx.doi.org/10.1136/annrheumdis-2016-210767
https://dx.doi.org/10.1038/s41584-022-00816-1
https://dx.doi.org/10.1038/s41584-022-00816-1
https://dx.doi.org/10.1016/0002-9343(84)90743-5
https://dx.doi.org/10.1016/0002-9343(84)90743-5
https://dx.doi.org/10.1056/NEJMoa1710895
https://dx.doi.org/10.1056/NEJMoa1710895
https://dx.doi.org/10.1053/j.ajkd.2018.06.028
https://dx.doi.org/10.1053/j.ajkd.2018.06.028
https://dx.doi.org/10.1016/S0140-6736(20)32234-0
https://dx.doi.org/10.1016/S0140-6736(20)32234-0
https://dx.doi.org/10.1186/s12882-015-0047-z
https://dx.doi.org/10.1186/s12882-015-0047-z
https://dx.doi.org/10.1053/j.jrn.2012.08.005
https://dx.doi.org/10.1053/j.jrn.2012.08.005
https://dx.doi.org/10.1093/ndt/gft378
https://dx.doi.org/10.1093/ndt/gft378
https://dx.doi.org/10.1056/NEJMoa1916624
https://dx.doi.org/10.1056/NEJMoa1916624
https://dx.doi.org/10.1056/NEJMoa1915833
https://dx.doi.org/10.1056/NEJMoa1915833
https://dx.doi.org/10.1111/ijcp.13316

Cureus

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

allopurinol or febuxostat in real-world patients: a nationwide study. Int | Clin Pract. 2019, 73:e13316.
10.1111/ijep.13316

Singh JA, Cleveland JD: Hypersensitivity reactions with allopurinol and febuxostat: a study using the
Medicare claims data. Ann Rheum Dis. 2020, 79:529-35. 10.1136/annrheumdis-2019-216917

Stamp LK, Taylor WJ, Jones PB, Dockerty JL, Drake J, Frampton C, Dalbeth N: Starting dose is a risk factor for
allopurinol hypersensitivity syndrome: a proposed safe starting dose of allopurinol. Arthritis Rheum. 2012,
64:2529-36. 10.1002/art.34488

Jung JW, Song WJ, Kim YS, et al.: HLA-B58 can help the clinical decision on starting allopurinol in patients
with chronic renal insufficiency. Nephrol Dial Transplant. 2011, 26:3567-72. 10.1093/ndt/gfr060

Rey A, Batteux B, Laville SM, Marienne ], Masmoudi K, Gras-Champel V, Liabeuf S: Acute kidney injury
associated with febuxostat and allopurinol: a post-marketing study. Arthritis Res Ther. 2019, 21:229.
10.1186/s13075-019-2011-y

Saag KG, Whelton A, Becker MA, MacDonald P, Hunt B, Gunawardhana L: Impact of febuxostat on renal
function in gout patients with moderate-to-severe renal impairment. Arthritis Rheumatol. 2016, 68:2035-
43.10.1002/art.39654

Jenkins C, Hwang JH, Kopp JB, Winkler CA, Cho SK: Review of urate-lowering therapeutics: from the past to
the future. Front Pharmacol. 2022, 13:925219. 10.3389/fphar.2022.925219

Hanvivadhanakul P, Akkasilpa S, Deesomchok U: Efficacy of benzbromarone compared to allopurinol in
lowering serum uric acid level in hyperuricemic patients. ] Med Assoc Thai. 2002, 85:540-7.

Perez-Ruiz F, Calabozo M, Fernandez-Lopez M], et al.: Treatment of chronic gout in patients with renal
function impairment: an open, randomized, actively controlled study. ] Clin Rheumatol. 1999, 5:49-55.
10.1097/00124743-199904000-00003

Reinders MK, Haagsma C, Jansen TL, van Roon EN, Delsing J, van de Laar MA, Brouwers JR: A randomised
controlled trial on the efficacy and tolerability with dose escalation of allopurinol 300-600 mg/day versus
benzbromarone 100-200 mg/day in patients with gout. Ann Rheum Dis. 2009, 68:892-7.
10.1136/ard.2008.091462

Lee MH, Graham GG, Williams KM, Day RO: A benefit-risk assessment of benzbromarone in the treatment
of gout. Was its withdrawal from the market in the best interest of patients?. Drug Saf. 2008, 31:643-65.
10.2165/00002018-200831080-00002

Sundy JS, Baraf HS, Yood RA, et al.: Efficacy and tolerability of pegloticase for the treatment of chronic gout
in patients refractory to conventional treatment: two randomized controlled trials. JAMA. 2011, 306:711-20.
10.1001/jama.2011.1169

Lipsky PE, Calabrese LH, Kavanaugh A, Sundy JS, Wright D, Wolfson M, Becker MA: Pegloticase
immunogenicity: the relationship between efficacy and antibody development in patients treated for
refractory chronic gout. Arthritis Res Ther. 2014, 16:R60. 10.1186/ar4497

Albert JA, Hosey T, LaMoreaux B: Increased efficacy and tolerability of pegloticase in patients with
uncontrolled gout co-treated with methotrexate: a retrospective study. Rheumatol Ther. 2020, 7:639-48.
10.1007/s40744-020-00222-7

Botson JK, Tesser JR, Bennett R, et al.: A multicentre, efficacy and safety study of methotrexate to increase
response rates in patients with uncontrolled gout receiving pegloticase (MIRROR): 12-month efficacy,
safety, immunogenicity, and pharmacokinetic findings during long-term extension of an open-label study.
Arthritis Res Ther. 2022, 24:208. 10.1186/s13075-022-02865-7

Botson JK, Saag K, Peterson ], et al.: A randomized, placebo-controlled study of methotrexate to increase
response rates in patients with uncontrolled gout receiving pegloticase: primary efficacy and safety
findings. Arthritis Rheumatol. 2023, 75:293-304. 10.1002/art.42335

Spencer K, Carr A, Doherty M: Patient and provider barriers to effective management of gout in general
practice: a qualitative study. Ann Rheum Dis. 2012, 71:1490-5. 10.1136/annrheumdis-2011-200801
Vaccher S, Kannangara DR, Baysari MT, Reath |, Zwar N, Williams KM, Day RO: Barriers to care in gout:
from prescriber to patient. ] Rheumatol. 2016, 43:144-9. 10.3899/jrheum.150607

Li QH, Dai L, Li ZX, et al.: Questionnaire survey evaluating disease-related knowledge for 149 primary gout
patients and 184 doctors in South China. Clin Rheumatol. 2013, 32:1633-40. 10.1007/s10067-013-2333-0
Chandratre P, Mallen CD, Roddy E, Liddle J, Richardson J: "You want to get on with the rest of your life": a
qualitative study of health-related quality of life in gout. Clin Rheumatol. 2016, 35:1197-205.
10.1007/s10067-015-3039-2

Kuo CF, Grainge MJ, Mallen C, Zhang W, Doherty M: Rising burden of gout in the UK but continuing
suboptimal management: a nationwide population study. Ann Rheum Dis. 2015, 74:661-7.
10.1136/annrheumdis-2013-204463

Cottrell E, Crabtree V, Edwards JJ, Roddy E: Improvement in the management of gout is vital and overdue:
an audit from a UK primary care medical practice. BMC Fam Pract. 2013, 14:170. 10.1186/1471-2296-14-170
Thong BY, Leong KP, Tang CY, Chng HH: Drug allergy in a general hospital: results of a novel prospective
inpatient reporting system. Ann Allergy Asthma Immunol. 2003, 90:342-7. 10.1016/51081-1206(10)61804-2
De Vera MA, Marcotte G, Rai S, Galo JS, Bhole V: Medication adherence in gout: a systematic review .
Arthritis Care Res (Hoboken). 2014, 66:1551-9. 10.1002/acr.22336

Zandman-Goddard G, Amital H, Shamrayevsky N, Raz R, Shalev V, Chodick G: Rates of adherence and
persistence with allopurinol therapy among gout patients in Israel. Rheumatology (Oxford). 2013, 52:1126-
31.10.1093/rheumatology/kes431

Briesacher BA, Andrade SE, Fouayzi H, Chan KA: Comparison of drug adherence rates among patients with
seven different medical conditions. Pharmacotherapy. 2008, 28:437-43. 10.1592/phco.28.4.437

McGowan B, Bennett K, Silke C, Whelan B: Adherence and persistence to urate-lowering therapies in the
Irish setting. Clin Rheumatol. 2016, 35:715-21. 10.1007/s10067-014-2823-8

Zhang LY, Schumacher HR, Su HH, Lie D, Dinnella J, Baker JF, Von Feldt J]M: Development and evaluation
of a survey of gout patients concerning their knowledge about gout. J Clin Rheumatol. 2011, 17:242-8.
10.1097/RHU.0b013e318228b4e2

Harrold LR, Mazor KM, Peterson D, Naz N, Firneno C, Yood RA: Patients' knowledge and beliefs concerning

2023 Lee et al. Cureus 15(3): €36682. DOI 10.7759/cureus.36682

90of 10


https://dx.doi.org/10.1111/ijcp.13316
https://dx.doi.org/10.1136/annrheumdis-2019-216917
https://dx.doi.org/10.1136/annrheumdis-2019-216917
https://dx.doi.org/10.1002/art.34488
https://dx.doi.org/10.1002/art.34488
https://dx.doi.org/10.1093/ndt/gfr060
https://dx.doi.org/10.1093/ndt/gfr060
https://dx.doi.org/10.1186/s13075-019-2011-y
https://dx.doi.org/10.1186/s13075-019-2011-y
https://dx.doi.org/10.1002/art.39654
https://dx.doi.org/10.1002/art.39654
https://dx.doi.org/10.3389/fphar.2022.925219
https://dx.doi.org/10.3389/fphar.2022.925219
https://pubmed.ncbi.nlm.nih.gov/12188443/
https://dx.doi.org/10.1097/00124743-199904000-00003
https://dx.doi.org/10.1097/00124743-199904000-00003
https://dx.doi.org/10.1136/ard.2008.091462
https://dx.doi.org/10.1136/ard.2008.091462
https://dx.doi.org/10.2165/00002018-200831080-00002
https://dx.doi.org/10.2165/00002018-200831080-00002
https://dx.doi.org/10.1001/jama.2011.1169
https://dx.doi.org/10.1001/jama.2011.1169
https://dx.doi.org/10.1186/ar4497
https://dx.doi.org/10.1186/ar4497
https://dx.doi.org/10.1007/s40744-020-00222-7
https://dx.doi.org/10.1007/s40744-020-00222-7
https://dx.doi.org/10.1186/s13075-022-02865-z
https://dx.doi.org/10.1186/s13075-022-02865-z
https://dx.doi.org/10.1002/art.42335
https://dx.doi.org/10.1002/art.42335
https://dx.doi.org/10.1136/annrheumdis-2011-200801
https://dx.doi.org/10.1136/annrheumdis-2011-200801
https://dx.doi.org/10.3899/jrheum.150607
https://dx.doi.org/10.3899/jrheum.150607
https://dx.doi.org/10.1007/s10067-013-2333-0
https://dx.doi.org/10.1007/s10067-013-2333-0
https://dx.doi.org/10.1007/s10067-015-3039-2
https://dx.doi.org/10.1007/s10067-015-3039-2
https://dx.doi.org/10.1136/annrheumdis-2013-204463
https://dx.doi.org/10.1136/annrheumdis-2013-204463
https://dx.doi.org/10.1186/1471-2296-14-170
https://dx.doi.org/10.1186/1471-2296-14-170
https://dx.doi.org/10.1016/S1081-1206(10)61804-2
https://dx.doi.org/10.1016/S1081-1206(10)61804-2
https://dx.doi.org/10.1002/acr.22336
https://dx.doi.org/10.1002/acr.22336
https://dx.doi.org/10.1093/rheumatology/kes431
https://dx.doi.org/10.1093/rheumatology/kes431
https://dx.doi.org/10.1592/phco.28.4.437
https://dx.doi.org/10.1592/phco.28.4.437
https://dx.doi.org/10.1007/s10067-014-2823-8
https://dx.doi.org/10.1007/s10067-014-2823-8
https://dx.doi.org/10.1097/RHU.0b013e318228b4e2
https://dx.doi.org/10.1097/RHU.0b013e318228b4e2
https://dx.doi.org/10.1186/1471-2474-13-180

Cureus

97.

98.

99.

100.

gout and its treatment: a population based study. BMC Musculoskelet Disord. 2012, 13:180. 10.1186/1471-
2474-13-180

Weaver AL, Cheh MA, Kennison RH: How PCP education can impact gout management: the gout essentials .
] Clin Rheumatol. 2008, 14:542-6. 10.1097/RHU.0b013e3181896ble

Abhishek A, Doherty M: Education and non-pharmacological approaches for gout. Rheumatology (Oxford).
2018, 57:i51-8. 10.1093/rheumatology/kex421

Lim AY, Shen L, Tan CH, Lateef A, Lau TC, Teng GG: Achieving treat to target in gout: a clinical practice
improvement project. Scand ] Rheumatol. 2012, 41:450-7. 10.3109/03009742.2012.689325

Rees F, Jenkins W, Doherty M: Patients with gout adhere to curative treatment if informed appropriately:
proof-of-concept observational study. Ann Rheum Dis. 2013, 72:826-30. 10.1136/annrheumdis-2012-201676

2023 Lee et al. Cureus 15(3): €36682. DOI 10.7759/cureus.36682

10 of 10


https://dx.doi.org/10.1186/1471-2474-13-180
https://dx.doi.org/10.1097/RHU.0b013e3181896b1e
https://dx.doi.org/10.1097/RHU.0b013e3181896b1e
https://dx.doi.org/10.1093/rheumatology/kex421
https://dx.doi.org/10.1093/rheumatology/kex421
https://dx.doi.org/10.3109/03009742.2012.689325
https://dx.doi.org/10.3109/03009742.2012.689325
https://dx.doi.org/10.1136/annrheumdis-2012-201676
https://dx.doi.org/10.1136/annrheumdis-2012-201676

	The Singapore Experience With Uncontrolled Gout: Unmet Needs in the Management of Patients
	Abstract
	Introduction And Background
	Introduction
	Background

	Review
	Impact of hyperuricemia and gout on ischemic heart disease (IHD) and chronic kidney disease (CKD)
	Treatment of acute gout attacks
	The long-term management of gout
	Barriers to the initiation, escalation, and adherence to treatment

	Conclusions
	Additional Information
	Disclosures

	References


