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Abstract: The development and expression of gout depends on three key steps: (1) chronic 

 hyperuricemia, (2) the growth of monosodium urate (MSU) crystals, and (3) interaction 

between MSU crystals and the inflammatory system. Epidemiological studies have continued 

to improve our understanding of the environmental and genetic factors which influence chronic 

 hyperuricemia and gout. The influence of obesity, alcohol, race, sex, age, and specific dietary 

components will be discussed below. The primary mechanism of hyperuricemia is insufficient 

renal clearance of uric acid which in turn is dependent on transport of uric acid in the proximal 

renal tubule. Knowledge of the transport mechanisms has improved understanding of the genetic 

influences on gout and is relevant to understanding of the effects of drugs which can increase 

or decrease renal uric acid clearance. The application of established principles of management 

including diagnosis through crystal identification, the gradual introduction of hypouricemic 

therapy with the use of prophylaxis to reduce the risk of flares, identification of a suitably low 

target of plasma urate, a progressive increase in therapy to achieve the target and taking steps to 

encourage good compliance, has the potential to improve outcomes for patients with this very 

common affliction. The potential role for new therapies will also be discussed.
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The epidemiology and treatment of gout
This review will initially address the epidemiology of gout and then discuss develop-

ments in the management of this very common disorder. An excellent review of the 

 epidemiological studies relevant to gout has been recently published.1 The  nomenclature 

used in this review is based on the fact that uric acid is a weak acid with a pKa of 

approximately 5.8. Thus, in plasma it exists predominantly as the  ionized urate ion. 

Logically therefore the plasma measurement should be referred to as “urate” rather 

than “uric acid”. Plasma and serum urate concentrations are equivalent and in this 

review “plasma urate” will be used, regardless of whether the original publication 

used plasma or serum. The crystals which form in joints to produce gout are mono-

sodium urate monohydrate (MSU), not uric acid, crystals. In acidic urine about 50% 

of uric acid exists in its non-dissociated state and the crystals which may form in 

urine are composed of uric acid. Thus, when referring to urine or urinary calculi, 

the appropriate term is “uric acid”.

The development of gout requires three distinct steps: (1) prolonged hype-

ruricemia, (2) formation of monosodium urate monohydrate (MSU) crystals and 

(3) interaction between MSU crystals and the inflammatory system. The  epidemiology 

of gout closely mirrors that of prolonged hyperuricemia and although factors 
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(other than urate  concentration) which influence crystal 

formation2 and interaction with the inflammatory system3,4 

have been identified, variability of these factors between 

individuals has not yet been shown to have a major influence 

on the prevalence and expression of the disease.

Change in prevalence over time
Although the association between some conditions, such as 

obesity and race, and gout has been appreciated for many 

years, for others the association has been demonstrated more 

recently and the relative importance of various risk factors is 

yet to be clarified. In those parts of the world where adequate 

studies have occurred, the prevalence of gout has increased. 

This trend has been demonstrated in New Zealand,5 the 

US,6,7 China,8 and to a lesser extent, the UK.9 Studies per-

formed in the last two decades have  provided community 

prevalence rates of gout of about nine per 1000 (US),10 five9 

and 1411 per 1000 (UK), and five per 1000 (China). Much 

higher prevalence rates have been found in specific groups 

such as Maori (64 per 1000)5 and aboriginal Taiwanese 

(91 per 1000).12

Risk factors for gout
Although the relative importance of the risk factors discussed 

below has not been clearly established, they will be presented 

in an approximate order of their strength of association with 

the prevalence of gout.

Plasma urate concentration
An association between the plasma urate concentration and 

the prevalence and incidence of gout has been very clearly 

demonstrated. In the Normative Aging Study13 the 5-year 

cumulative incidence of gout rose from ,1% for plasma 

urate ,0.42 mmol/L to 30% for plasma urate .0.60 mmol/L 

(Table 1). In a Taiwanese study the 5-year cumulative 

incidence of gout was 10.8% for plasma urate 0.42 mmol/L 

to 0.47 mmol/L, 27.7% for plasma urate 0.48 mmol/L to 

0.53 mmol/L, and 61.1% for plasma urate $0.54 mmol/L.14 

Acute hyperuricemia, such as in the setting of chemotherapy 

for lymphoma or leukemia, generally does not produce 

gout, because of the lack of time required for MSU crystal 

 formation. These patients are however potentially at risk of 

uric acid nephropathy.

Sex
Plasma urate levels and prevalence and incidence rates 

for gout are higher in men and post-menopausal women 

than in pre-menopausal women.15 The association between 

male sex and gout appears to be, at least predominantly, 

 mediated via an effect on plasma urate levels although a 

minor  independent (of plasma urate) effect has not been 

excluded. Many  studies16–19 have presented prevalence rates 

based on the presence or absence of hyperuricemia but 

have used different cut-offs to define hyperuricemia in men 

 (usually .0.42 mmol/L) and women (usually .0.36 mmol/L) 

thus obscuring the inter-relationship between gout, sex, and 

plasma urate concentration.

Genetic factors
The marked difference in prevalence rates between different 

racial groups living in the same country, such as Maori and 

Europeans in New Zealand and Aboriginal and non-Aboriginal 

Taiwanese, highlights the importance of genetic factors in the 

development of gout. As more than 90% of people with gout 

demonstrate under-excretion (rather than overproduction) of 

uric acid and renal excretion accounts for about 70% of the total 

(the remainder going via the bowel), renal handling of uric acid 

has been the focus of interest. Twin studies have shown a strong 

inherited effect on the renal handling of uric acid20 but demon-

strated genetic associations account for only a small percentage 

(,5%) of the variation of plasma urate levels.21 Human urate 

transporter 1 (URAT1) plays a key role in controlling uric acid 

reabsorption in the proximal renal tubule and alterations of the 

SLC22A12 gene, which codes for URAT1, have been shown 

to influence plasma urate levels.22,23 Polymorphisms of genes 

that code for other urate transporters (fructose and glucose 

transporter SLC2A9 (GLUT9) in the proximal tubule; sodium/

phosphate co-transporter SLC17A3 in the proximal tubule; 

urate efflux transporter ABCG2 in the proximal collecting 

duct) have also been shown to be associated with variations in 

the prevalence of hyperuricemia and gout.24,25

Obesity
A strong relationship has been demonstrated between 

 increasing body mass index (BMI) and the risk of gout 

Table 1 Relationship between plasma urate concentration and 
the incidence of gout in the Normative Aging Study14

Plasma urate  
(mmol/L)

Incidence (per 1000  
human-years)

5-year cumulative  
incidence (%)

,0.36 0.8 0.5
0.36–0.41 0.9 0.6
0.42–0.47 4.1 2.0
0.48–0.53 8.4 4.1
0.54–0.59 43.2 19.8
.0.60 70.2 30.5

Adapted from Campion et al. Asymptomatic hyperuricemia. Risks and consequences 
in the Normative Aging Study. Am J Med. 1987;82(3):421–426.
with permission from elsevier.
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 (relative risk [RR]: 3.0 for BMI . 35 kg/m2)26,27 and loss 

of weight has been shown to decrease the risk (multivariate 

RR: 0.6 for loss .4.5 kg). Increased exercise was associated 

with lower incidence of gout.28

Alcohol intake
Increased alcohol intake has been shown to be associated with 

an increased risk of gout in men and women. Heavy alcohol 

consumers (.196 g, ie, .20 standard drinks per week) had 

an RR of 3.1 (women) and 2.2 (men) compared with those 

who consumed ,28 g (less than three standard drinks) 

per week.27 In the Health Professionals Follow-up Study, 

multivariate analysis provided an RR of 2.5 for developing 

gout for those who drank $50 g/day compared with those 

with no alcohol intake. A graded association between risk of 

gout and alcohol intake was found.29 The relative importance 

of different alcoholic beverages (beer, spirits, wine) remains 

uncertain due to conflicting findings with some studies sug-

gesting greater importance for beer and spirits29 and others 

finding no difference.28

Diet other than alcohol
High meat and seafood intake have been found to modestly 

increase the incidence of gout with RR, after adjustment 

for age, BMI, diuretic use, hypertension, renal function 

and alcohol intake, of 1.4 (meat) and 1.5 (seafood) when 

comparing the highest and lowest quintiles.30 High fructose 

intake, mainly from corn syrup sweetened soft drinks and 

fruit juices, also increased the incidence of gout (RR: 1.8, 

highest vs lowest quintile).31 Fructose is a monosaccharide 

which can be ingested as free fructose and is also released 

from the digestion of sucrose in the small intestine. The total 

fructose intake is equal to the free fructose intake plus half 

the sucrose intake. The risk of gout associated with a fructose 

intake in the top quintile was comparable to that associated 

with an alcohol intake of 30–50 g per day. In countries such 

as Australia and New Zealand, where sucrose (cane sugar) 

is used as the sweetener, the importance of soft drink intake 

is likely to be less.32

Consumption of purine-rich vegetables was not associated 

with gout30 and dietary factors that appear to reduce the risk 

of gout include low-fat, but not high-fat, dairy products (RR: 

0.58, highest vs lowest quintile), vitamin C (RR: 0.55, daily 

intake .1500 mg vs daily intake ,250 mg),33 and coffee.34

Glucose intolerance and diabetes
Strong cross-sectional associations have been demonstrated 

between hyperuricemia, gout, and metabolic syndrome.35–37 

The association exists in the prediabetic state where 

increased insulin levels associated with insulin resistance 

influence plasma urate levels. When diabetes develops, the 

uricosuric effect of glycosuria results in reduced urate levels 

and reduced risk of future gout. The inverse association with 

the development of gout was stronger for type 1 than with 

type 2 diabetes.38

Hypertension and renal disease
Chronic renal disease has a major influence on the incidence 

and prevalence of gout with RRs in the 3–5 range.26

Hypertension increases the incidence of gout (multivari-

ate RR: 1.5, 2.3, 1.6, and 1.8 compared with nonhypertensive 

subjects).11,26,27

The effect of gout on other disorders
Glucose intolerance and diabetes
Although diabetes reduces the likelihood of future gout, 

when the relationship has been has been studied in the reverse 

direction, gout in men with a high cardiovascular risk pro-

file, was found to increase the future risk of type 2 diabetes, 

independent of BMI.39

Hypertension and renal disease
Gout increases the risk of death in renal dialysis patients.40 The 

coexistence of impaired renal function and gout has important 

implications for therapy. In most patients with this combina-

tion, the renal disease is not due to gout.41 Chronic gouty 

nephropathy, characterized histologically by MSU crystal 

granulomas with foreign body giant cells, interstitial fibrosis 

and vascular changes, has been reported in patients with chronic 

tophaceous gout but appears to be extremely rare in the absence 

of substantial tophaceous disease. It has been suggested that 

deterioration of renal function in patients with gout can usu-

ally be attributed to hypertension, diabetes or unrelated renal 

disease.42 However, a randomized, nonblinded, prospective 

study of 59 patients with gout, which compared treatment with 

allopurinol + colchicine and colchicine alone over a 2-year 

period, found that 37% of the colchicine only group and 9% of 

the allopurinol + colchicine group experienced a deterioration 

of glomerular filtration rate .10 mL/minute/1.73 m2.43 Thus, 

hyperuricemia has relatively little effect on renal function in 

most individuals but in patients with gout, allopurinol therapy 

may have some renal protective effect.

Cardiovascular disease
Gout is associated, independent of traditional cardiovascu-

lar risk factors, with a higher risk of death from all causes 
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and the risk is primarily due to increased cardiovascular 

deaths.44–46 Whether hyperuricemia per se is independently 

associated with cardiovascular disease and mortality 

remains unclear with contradictory findings from published 

 studies although the evidence in favor of an association has 

strengthened.45–47

Formation of monosodium urate 
monohydrate crystals
The maximal speed of MSU crystal growth in vivo remains 

uncertain but, based on in vitro experiments, crystal growth 

appears to occur very slowly, over months. Although hype-

ruricemia is a requirement, most hyperuricemic individuals 

never grow crystals, and thus it is clear that other factors, 

such as those which promote/inhibit crystal nucleation 

and influence crystal growth play a role in determining 

whether and where crystal formation occurs. No modifi-

able factor other than the plasma urate concentration has 

been identified.

interaction between MSU crystals  
and the inflammatory system
The typical presentation of acute gout is characterized by an 

abrupt onset of joint inflammation, often reaching maximal 

intensity within 24 hours. The great toe metatarsophalan-

geal joint is most commonly involved but involvement of 

the intertarsal, ankle and knee joints is also common, and 

patients with disease duration of many years often also have 

hand, wrist and olecranon bursal involvement. The acute 

clinical presentation is associated with a rapid increase in 

interaction between the inflammatory system and preformed 

MSU crystals. Even between attacks, there is evidence of 

low grade inflammation associated with intra-articular MSU 

crystals.48

Following cell surface recognition by toll-like receptors  

2 and 4, FC receptors, and integrins, MSU crystals are 

phagocytosed by monocytes or macrophages which results 

in NALP3 assembly, caspase-1 activation, cleavage of pro-

interleukin-1b and secretion of active interleukin-1b (IL-1). 

IL-1 activates other macrophages to produce tumor necrosis 

factor α (TNF), interleukin 6 and neutrophil chemotactants. 

An important role for IL-1 has been confirmed by the suc-

cessful use of IL-1 inhibitors to treat refractory gout.49 The 

key role of neutrophils, recognized many years ago, has not 

been diminished by the new findings and it has now been 

established that the tyrosine kinase Tec plays a major role 

in the sequence of events leading to neutrophil influx. The 

interaction between MSU crystals and neutrophils leads to 

the production of IL-8, leukotriene B4, prostaglandin E2, 

and IL-1. MSU stimulation of osteoclastogenesis appears 

to play a role in bone erosion in gout.50

Diagnosis of gout
Acute crystal-induced arthritis due to MSU or calcium 

pyrophosphate dihydrate (CPPD) crystals can present in 

the same fashion as septic arthritis and cannot be reliably 

differentiated on the basis of blood white cell counts, raised 

inflammatory markers, or synovial fluid white cell counts. 

As the management is very different, failure to correctly dif-

ferentiate these disorders poses a substantial risk. Submitting 

a patient with crystal-induced arthritis to an arthroscopic joint 

lavage, performed on the basis of presumed septic arthritis, 

can be detrimental. Although diagnostic criteria sets for gout 

are helpful for research, none is more than 70% sensitive or 

89% specific.51 The critical investigation is synovial fluid 

analysis. Gram stain for microorganisms and polarized light 

microscopy for the detection of crystals can both be per-

formed immediately with no delay in obtaining the results, 

provided adequately trained personnel are available.  Ensuring 

that laboratory personnel involved in the assessment of syn-

ovial fluid have the necessary skills is important. Surveys 

from around the world have demonstrated the relative lack 

of accuracy of synovial fluid examination for crystals.52–55 

Synovial fluid examination quality assurance programs are 

currently available in Australia, New Zealand (both using real 

fluids) and the US (simulated fluids) and have been shown 

to improve performance.56

It is reasonable to provide treatment for probable acute 

gout in circumstances where synovial fluid cannot be obtained 

and the diagnosis is thus not certain but as drug therapy for the 

prevention of gout is usually required lifelong, near certainty 

of the diagnosis is warranted before commencing hypouri-

cemic therapy. With careful attention to methodology and 

adequate practice, it is possible to aspirate fluid from great toe 

MTP and knee joints between attacks of gout in the majority.57 

If it is possible to obtain fluid from a joint which has been 

previously affected by gout, provided the individual has not 

subsequently received prolonged hypouricemic therapy, then 

urate crystals can be identified in the great majority (97% and 

100% in separate studies).57 In patients with gout, aspiration 

of fluid from a previously uninvolved joint will demonstrate 

MSU crystals in about 25%. Only a tiny sample of synovial 

fluid or material from a tophus is required but laboratory 

protocols to minimize the risk of needle stick injury can result 

in needles being discarded and hence the loss of potentially 

diagnostic aspirates. When very small amounts of fluid are 
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expected, such as with aspiration from a great toe MTP joint, 

the aspiration is best performed where there is facility for 

immediate examination of the fluid.

The plasma urate concentration at the time of presenta-

tion with acute gout is not a useful diagnostic aid. Only 

approximately 25% of individuals with a plasma urate above 

0.42 mmol/L ever develop gout. A raised plasma urate thus 

does not establish the diagnosis. At the time of presentation 

with acute gout, approximately 40% of individuals have a 

plasma urate below saturation.58,59 The mechanism by which 

the plasma urate concentration is lower at the time of acute 

gout than it is at subsequent follow-up, remains uncertain 

but it is clear that a plasma urate below saturation does not 

exclude the diagnosis of acute gout.

Treatment of the acute episode of gout
Effective options for the treatment of the acute attack 

include non-steroidal anti-inflammatory drugs (NSAIDs), 

intra-articular corticosteroids and systemic corticosteroid 

therapy. With respect to efficacy (although not toxicity) the 

rapidity with which therapy is commenced appears to be more 

important than which medication is used. The best choice is 

often determined by whether or not there are contraindica-

tions to NSAID use, such as renal or cardiac insufficiency 

or a history of peptic ulceration. Provided synovial fluid has 

been sent for analysis, including culture, it is reasonable to 

administer intra-articular corticosteroid immediately fol-

lowing joint aspiration (without removing the needle from 

the joint) when gout appears likely, even though sepsis has 

not yet been excluded. Systemic corticosteroid therapy can 

be provided as oral prednisone 20–40 mg daily in divided 

doses reducing to zero in 10–14 days or intramuscular depot 

tetracosactrin 1 mg, a synthetic analog of ACTH.60 Despite 

widespread acceptance of systemic corticosteroid therapy, 

controlled trials have been of only moderate to low  quality 

such that a Cochrane review determined that there was incon-

clusive evidence of efficacy and effectiveness.61

Colchicine used as the primary treatment of the acute attack 

is associated with a very high rate of gastrointestinal toxicity.62,63 

A lower dose regime, consisting of colchicine 1.2 mg initially 

and a further 0.6 mg after 1 hour, was associated with much 

reduced toxicity but efficacy for both high and low-dose colchi-

cine was poor with $50% pain reduction at 24 hours attained 

by only 38% (low dose) and 33% (high dose) of patients with 

an acute gout flare.64 Particular care in the use of colchicine 

is required in the setting of renal failure and co-prescription 

of inhibitors of cytochrome P450 3A4 such as cyclosporine, 

pravastatin, azithromycin, and clarithromycin.65–67

Because of their expense, biological therapies in gout 

appear likely to have a limited clinical role but they offer the 

chance of better understanding of the mechanisms involved. 

As discussed above IL-1 plays an important role in gouty 

inflammation. The IL-1 receptor antagonist, anakinra49 and 

other biological therapies which inhibit IL-1 (rilonacept, 

canakinumab) have been shown to effectively suppress 

acute gouty inflammation.68 Anti-TNF therapy has also been 

reported to be of benefit in a case report.69

Prophylactic therapy
The aim of prophylactic therapy is to prevent acute attacks, 

to prevent joint/bone damage and to prevent other sequelae 

of tophi, such as tendon disease. To achieve these aims it 

is vital that the plasma urate level be maintained at a suf-

ficiently low level. The evidence supporting the relationship 

between lower plasma urate levels during treatment and bet-

ter outcomes for patients with gout, including fewer flares, 

faster reduction in tophi, and depletion of MSU crystals in 

synovial fluid, is strong.70 How low is low enough? The British 

Society for Rheumatology guidelines,71 published in 2007, 

recommended ,0.30 mmol/L whereas the European League 

Against Rheumatism (EULAR) guidelines,72 published in 

2006, recommended ,0.36 mmol/L. Recommendations from 

the US generally aim for ,0.36 mmol/L (6 mg/100 mL).73 

Clinical outcomes are worse for patients with higher plasma 

urate levels.70 A reasonable conclusion, based on the currently 

available data, would be that the plasma urate should at least 

be maintained ,0.36 mmol/L, but ,0.30 mmol/L is prob-

ably even better if it can be achieved without compromising 

compliance or safety. Strategies that can be used to reduce 

plasma urate should be considered in the knowledge that lack 

of compliance is a very common cause of treatment failure. 

A recent study of almost 10,000 people in the US found that 

64% were poorly compliant with hypouricemic therapy dur-

ing a 1-year period.74 In another very large study, compliance 

with therapy for gout (37%) was poorer than with therapy for 

hypertension (72%), hypothyroidism (68%), type 2 diabetes 

(65%), seizure disorders (61%), hypercholesterolemia (55%), 

and osteoporosis (51%).75 Clear explanation of the rationale 

of therapy, a focus on the most important measures, and 

adequate follow-up including measurement of plasma urate 

are likely to improve compliance.

Non-drug interventions
Unfortunately, lifestyle modification rarely leads to more than 

a 15% reduction in plasma urate and thus is of limited efficacy 

with respect to achieving the target plasma urate concentration. 
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Correction of obesity and alcohol reduction have general 

health benefits separate from their effect on gout and are 

usually appropriate to encourage. Based on the epide-

miological studies discussed above, dietary modification to 

increase regular low fat milk or yoghurt, vegetable sources 

of protein, cherries and coffee, and to decrease intake of 

liver, kidneys, shellfish, seafood, yeast extracts, total protein, 

and red meat would appear reasonable.71 Before requesting 

substantial lifestyle modification, clinicians should consider 

the  likelihood of benefit and the risk that increasing the com-

plexity of treatment may reduce compliance with effective 

drug therapies. To the author’s knowledge, no prospective 

long-term intervention study has demonstrated success from 

the lifestyle modifications described.

Drug interventions
Drug cessation
When possible, cessation of drugs that increase the urate 

concentration is desirable. The use of diuretic therapy for 

hypertension represents a situation where good alternatives 

are usually available and cessation of diuretic therapy may 

be sufficient to return the plasma urate below saturation. 

Losartan and fenofibrate have weak uricosuric effects and 

thus may be worth considering in the patient with gout, if 

there is another indication.

Allopurinol
Allopurinol remains the most important hypouricemic drug 

worldwide, accounting for more than 98% of prescrip-

tions for urate lowering therapy in Australia.76 Allopurinol 

(half-life 1–2 hours) is rapidly metabolized to oxypurinol 

(half-life 18–30 hours). They are analogs of hypoxanthine 

and xanthine respectively, and inhibit xanthine oxidase, the 

enzyme which catalyzes the conversion of hypoxanthine 

to xanthine and xanthine to uric acid. Surveys of the use of 

allopurinol have highlighted the frequency of suboptimal use 

of this agent.77 The introduction of hypouricemic therapy is 

associated with a temporary increase in the risk of a flare 

of gout. The risk can be reduced by a gradual (rather than 

abrupt) fall in the plasma urate78 and thus allopurinol should 

be introduced at low dose (eg, 100 mg/day) and increased 

every few weeks in an attempt to have the urate level fall 

by ,0.04 mmol/L/month. The concurrent use of low-dose 

colchicine (see below for precautions) further reduces the risk 

of a flare.79 Failure to adequately progressively increase the 

dose is common. The vast majority of allopurinol prescrip-

tions are for doses of 300 mg/day or less77 and yet only 24% 

of patients who received allopurinol 300 mg/day achieved 

a plasma urate at or below 0.30 mmol/L.80 In another study 

of patients who initially had a plasma urate of 0.48 mmol/L 

or more, only 21% achieved a plasma urate ,0.36 mmol/L 

while receiving allopurinol 300 mg/day.81 By progressively 

increasing the allopurinol dose, the percentage of patients 

achieving a target of ,0.30 mmol/L increased to 78%.82

Failure to increase the allopurinol dose has occurred, 

at least in part, in response to attempts to minimize the 

risk of allopurinol hypersensitivity syndrome, a severe and 

not infrequently fatal disorder. The syndrome is rare, with 

estimates of one in 56,00083 and one in 100084 reported. 

In 1984, Hande et al85 reported 78 cases (six new and 72 

from the  literature) of the syndrome and noted an association 

with renal  insufficiency. It was suggested that the dose of 

allopurinol be reduced in proportion to creatinine clearance 

and that the reduced doses recommended “should be adequate 

to inhibit uric acid production in most patients.” The impact 

of those recommendations appears to have been large and 

has resulted in inadequate reduction of plasma urate.86 In the 

setting of renal insufficiency, allopurinol doses sufficient 

to produce plasma oxypurinol levels above the proposed 

therapeutic range result in a higher percentage of patients 

reaching the target plasma urate.87

The severity of the allopurinol hypersensitivity syndrome 

should be emphasized. A mortality rate of 18% was reported 

in a recent series and an association with renal impairment 

and increased age was found.88 More than 95% of cases 

occur within 6 weeks of commencement of allopurinol.85,89 

It can occur in all age groups and in patients with normal 

renal function. Despite the apparent association with renal 

impairment, no increase in the prevalence of adverse reac-

tions to allopurinol was seen in patients who received higher 

maintenance doses.90 The development of a rash in the setting 

of allopurinol therapy, especially if the duration of therapy has 

been less than 12 weeks, should prompt urgent consideration 

of allopurinol hypersensitivity, regardless of the patient’s 

age and renal function.

The use of azathioprine or 6-mercaptopurine with a xan-

thine oxidase inhibitor (allopurinol or febuxostat) is danger-

ous and should only be contemplated in rare situations after 

careful consultation.

A reasonable approach to the use of allopurinol is to 

start at low dose (100 mg/day, less if previous attempts 

have failed due to flares in the introductory period), to be 

alert to symptoms of hypersensitivity especially in the first 

6 weeks, and to increase the dose approximately every 

month while monitoring plasma urate, aiming to achieve 

a gradual fall to ,0.36 mmol/L (if ,0.30 mmol/L can be 
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achieved that may be even better). Substantial fluctuations 

in the plasma urate suggest variable compliance and should 

prompt further discussion and education before any increase 

in dosage is recommended. The dose should be gradually 

increased (600 mg/day is not uncommonly required and up 

to 900 mg/day is occasionally required) to achieve target. In 

the setting of renal insufficiency, the same approach is fol-

lowed with dosage increments of 100 mg/day or less but once 

the plasma urate has reached a plateau there is no advantage 

in further increasing the dose of allopurinol. It is usually 

appropriate to use prophylaxis to reduce the risk of a flare 

during the introductory phase. Depending on comorbidities, 

low-dose colchicine (0.5 mg bd), NSAID or COX2 inhibitor, 

or low-dose prednisone may be used for this purpose.

For patients who are allergic to or intolerant of allopurinol, 

the options will be influenced by medication availability in 

that country.

Probenecid
If the patient has adequate renal function (GFR . 30–40 mL/ 

minute) probenecid, a uricosuric drug which inhibits URAT1 in 

the proximal renal tubule, is often appropriate. Because of the 

increased urinary excretion of uric acid which is most marked 

in the early phase of treatment, good hydration is required and 

urinary alkalinization is appropriate.  Previous renal calculi, 

particularly uric acid calculi, are a relative contraindication. 

As is true for all urate lowering therapy, the aim should be to 

achieve a gradual fall in plasma urate and to achieve target. 

A reasonable starting dose is 250 mg (half tablet) twice daily. 

Maximal dose is 1 g twice daily.

Febuxostat
Febuxostat represents a major advance for allopurinol-

 intolerant patients with poor renal function. Febuxostat 

inhibits the same enzyme as allopurinol (xanthine oxidase) 

but unlike allopurinol, is not a purine analog. After oral 

administration it is rapidly absorbed (84%) with a half-life of 

4–18 hours. It undergoes hepatic metabolism and no modifica-

tion of dose is required in relation to renal function or age.

It is very effective – 93% of patients who tolerated the 

medication and continued for 5 years achieved a maintenance 

plasma urate ,0.36 mmol/L.91 In a 28-day study, 0%  (placebo), 

56% (40 mg/day), 76% (80 mg/day), and 94% (120 mg/day) 

of patients achieved plasma urate ,0.36 mmol/L.92 Gout 

flares occurred more commonly in the 80 mg/day (43%) 

and 120 mg/day (55%) groups without prophylaxis but 

in only 8%–13% with colchicine prophylaxis (0.6 mg 

twice daily). In patients with at least reasonable renal  function 

(plasma creatinine ,133 µmol/L or eGFR . 50 mL/minute/ 

1.73 m2), who received treatment for 1 year, a target plasma 

urate of ,0.36 mmol/L was achieved by 53% (febuxo-

stat 80 mg/day), 62% (febuxostat 120 mg/day), and 21% 

(allopurinol 300 mg/day). It should be noted that allopurinol 

dosing in this study was suboptimal and thus the relative 

efficacies of the therapies do not represent what could be 

achieved in practice.

The safety of febuxostat appears good. Concerns were 

raised in regard to cardiovascular events, leading to the 

recommendation that the drug be avoided in patients with a 

history of atherosclerotic disease, myocardial infarction or 

congestive heart failure.93 Data subsequently presented to the 

US Food and Drug Administration,94 including the results 

of the CONFIRMS study, did not identify any increase in 

cardiovascular events. Elevation of hepatic transaminases 

was uncommon and of similar frequency in the allopurinol 

and febuxostat groups. Most patients who have previously 

experienced severe adverse effects with allopurinol are able 

to successfully use febuxostat although allergy to both com-

pounds is not rare.95

Benzbromarone
Benzbromarone is a potent uricosuric drug which has limited 

availability due to its withdrawal by the manufacturer on the 

basis of liver toxicity. The appropriateness of the withdrawal 

appears questionable83 and the superiority of benzbroma-

rone over probenecid for patients who had failed to reach 

target with allopurinol, has recently been confirmed.80 For 

selected patients, such as those with allergy to allopurinol 

and febuxostat and insufficient renal function for probenecid, 

benzbromarone is often appropriate with careful monitoring 

of liver function.

Uricase
Uricase (urate oxidase) catalyzes the conversion of urate 

to allantoin, which is 5–10 times more soluble than urate 

and is easily excreted by the kidneys. The enzyme is active 

in most fish, amphibians, and non-primate mammals but 

not in man and higher primates. The infusion of recombi-

nant Aspergillus uricase (rasburicase) leads to a rapid and 

profound reduction in plasma urate, an effect of benefit 

in the prevention and treatment of chemotherapy-induced 

hyperuricemia.96 Rasburicase has also been used for the 

treatment of tophaceous gout97 and sometimes results in a 

rapid reduction in the volume of tophi but its use is limited 

by the brevity of effect after each infusion, frequency of 

gout flares during therapy, allergic reactions to the protein, 
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and expense. The conjugation of uricase to polyethylene 

glycol (pegloticase) allows a more sustained action with a 

half-life of uricase activity of 6.4 to 13.8 days.68 Protocols 

using pegloticase 8 mg every 2 or 4 weeks have been shown 

to effectively maintain plasma urate below target over 

periods of up to 6 months.98 Gout flares, infusion reactions 

and a reduction in pegloticase half-life in association with 

anti-pegloticase antibodies were all common. Despite these 

difficulties, pegloticase may be useful for a small percentage 

of patients for whom other options are unavailable due to 

drug intolerance and/or renal insufficiency.

Future drug options
A spin-off from the development of the anti-retroviral non-

nucleoside reverse transcription inhibitor RDEA806, has 

been the recognition that its active metabolite, lesinurad 

(RDEA594) is a potent uricosuric agent. Studies of lesinurad 

in gout are underway.68

Summary
Epidemiological studies continue to improve our understand-

ing of factors which influence chronic  hyperuricemia and gout. 

Successful long-term management of gout requires certainty 

of diagnosis through crystal identification, gradual introduc-

tion of hypouricemic therapy and the use of prophylaxis to 

reduce the risk of flares, identification of a suitably low target 

of plasma urate (well below saturation, at least ,0.36 mmol/L 

and preferably ,0.30 mmol/L), and a willingness to progres-

sively increase therapy to achieve the target. Achieving good 

compliance with drug therapy has the potential to produce 

large benefits and yet compliance with therapy for gout is 

much poorer than for other chronic  conditions. The fault 

may lie as often with the physician as with the patient. In the 

absence of a clearly stated target and regular measurement of 

plasma urate is it reasonable to expect the patient to achieve 

good compliance with therapy? Allopurinol remains the most 

important urate-lowering drug.

Hypersensitivity reactions, although rare, are serious and 

more frequent in those with renal insufficiency. They almost 

always occur within the first 3 months of therapy and should 

not dissuade a gradual increase in allopurinol dose provided 

the plasma urate falls with each increase. Febuxostat, a non-

purine xanthine oxidase inhibitor, is of benefit for allopurinol-

intolerant patients and may achieve a widespread role due to its 

efficacy and lack of need for dose modification in mild or mod-

erate renal insufficiency. For the small percentage of patients 

who cannot be successfully managed with currently available 

options the development of new therapies is likely to help. 

The prospects for improved outcomes in this very common 

disease are good but will depend primarily on the widespread 

application of treatment approaches which have already been 

established.
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