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Introduction
Gout, a chronic illness characterized by deposition of monosodium urate crystals and 
recurrent bouts of joint inflammation, affects approximately 1 in 100 people in the 
United States, and its prevalence continues to rise.

Exciting recent discoveries give new hope to the millions of patients with gout in the 
United States. Researchers have developed new understanding of the pathophysiology 
of gout, including the link between gout or hyperuricemia and cardiovascular and renal 
disorders. In addition, new and emerging therapeutic options may offer the possibility 
of improved disease management for many patients. 

In this monograph, rheumatologists and other clinicians will review recent 
pathophysiologic insights into gout, improved imaging techniques, as well as novel 
therapeutic options available to benefit their management of gout patients today.
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Introduction
Gout, the “disease of kings,” is on 
the rise. Mean uric acid levels in men 
increased from less than 3.5 mg/dL 
in the 1920s to 6.0-6.5 mg/dL in the 
1970s,1 and self-reported prevalence 
of gout increased in the United 
States from 4.8 per 1000 in 1969 
to 9.4 per 1000 in 1996.2,3 Just as 
the prevalence of gout is increasing, 
so too are our understanding of 
the transporters and inflammatory 
mechanisms involved in gout, 
imaging techniques that may assist 
in detecting subclinical joint damage in the early stages of gout, 
risk factors and comorbid conditions associated with gout and 
hyperuricemia, and emerging treatments that will increase the 
rheumatologist’s armamentarium against gout. In this monograph, 
we will review recent publications, including abstracts presented at 
the 2008 American College of Rheumatology (ACR) and European 
League Against Rheumatism (EULAR) meetings, and assess how 
they might benefit the rheumatologist in managing gout. [Note to 
readers: Data presented in abstracts are considered to be preliminary 
until they are published in a peer-reviewed journal.]

Pathophysiology
Uric acid (urate) is the final end-product of purine catabolism in 
humans.4 In other mammals, uric acid is converted via urate oxidase 
(uricase) to the more soluble allantoin, but in humans and the great 
apes, the gene for uricase mutated and became dysfunctional.5 
Therefore, levels of serum uric acid (SUA) are higher in humans and 
closer to the limits of urate solubility. Hyperuricemia—defined as 
SUA at a concentration in excess of urate solubility (approximately 
6.8 mg/dL at 37°C in vitro)—is most commonly asymptomatic.6 
The Normative Aging Study found that only 22% of men with SUA 
> 9.0 mg/dL developed clinical gout in 5 years.7 But in certain 
hyperuricemic individuals, excess SUA can result in the precipitation 
of monosodium urate (MSU) crystals, whose deposition into 
joints and soft tissues can cause the acute inflammatory reaction 
characteristic of gout.8 

Hyperuricemia is the result of overproduction of uric acid due to 
dietary or genetic causes (in roughly 10% of cases) or uric acid 
underexcretion (in roughly 90% of cases).9 Urate excretion occurs 
via the digestive system (approximately 33%) and the kidneys. In the 
kidney, urate excretion involves 4 processes: glomerular filtration, 
near-complete reabsorption of filtered urate, subsequent urate 
secretion, and postsecretory reabsorption in the proximal tubule. 
One of the transporters responsible for the reabsorption of filtered 
urate by the renal proximal tubule is urate transporter-1 (URAT-1). 
Uricosurics such as probenecid increase renal urate excretion by 
directly inhibiting URAT-1. Patients with familial renal hypouricemia 
were shown to carry loss-of-function mutations in the human 
SLC22A12 gene that encodes URAT-1, demonstrating the importance 
of URAT-1 in renal reabsorption of urate.10

Newly Identified Transporters Implicated in Gout
Recent studies have identified other transporters associated with 
hyperuricemia and gout. The most studied is GLUT9 (SLC2A9), a 
known glucose/fructose transporter highly expressed in liver and 
kidney tissue, which also has uric acid transport activity.11 In human 

population samples, SLC2A9 variants 
were shown to be associated with 
low uric acid excretion and/or 
gout.12 These variants seem to be 
sex-specific, affecting SUA levels in 
women more than in men,13 and to be 
disassociated with risk for coronary 
artery disease, myocardial infarction, 
or hypertension.14,15 Polymorphisms 
in the ABCG2 transporter and 
the sodium-dependent phosphate 
transporter SLC17A3 have also 
been identified in genome-wide 
associations with gout.16 These 

transporters and their related pathways may present targets for 
future gout therapies.

Newly Identified Mechanisms Underlying the 
Inflammatory Response to MSU Crystals
The mechanisms by which MSU crystals induce the inflammation of 
an acute gout attack are currently the focus of a great deal of research 
activity. Martinon and colleagues showed that MSU crystals interact 
directly with the caspase-1–activating NALP3 (also called cryopyrin) 
inflammasome, which increases production of activated interleukin 
(IL)-1β and IL-18.17 Chen and colleagues subsequently demonstrated 
in a mouse model of gout that MSU-induced inflammation requires 
production of IL-1β and presence of the IL-1 receptor on non–bone 
marrow-derived cells, such as the cells lining the synovium.18,19 Small 
clinical studies in gout patients have suggested that IL-1 inhibition 
shows promise for reducing the inflammation of an acute attack.20,21 
More recently, a messenger ribonucleic acid microarray analysis of 
MSU crystal–induced gene expression in a mouse model of gout 
suggested that histamine, along with other mediators, may play 
an important role in the inflammatory cascade induced by MSU 
crystals.22,23 Further work is needed to elucidate the importance and 
interaction of these various factors in the inflammatory response 
characteristic of gout. 

Diagnosis
The identification of MSU crystals—which appear bright, needlelike, 
and negatively birefringent under a polarizing microscope—in 
synovial fluid remains the gold standard for the diagnosis of gout.6,24 
However, most cases of gout, even in research protocols, are not 
diagnosed based on crystal identification.25,26 Several different sets 
of clinical criteria have been proposed for the diagnosis of gout, 
including the American Rheumatism Association (ACR), Rome, and 
New York clinical criteria.27-30 But a recent study comparing their 
accuracy found that none of the 3 had greater than 70% sensitivity 
or 88.5% specificity in diagnosing crystal-proven gout.31 The Rome 
criteria had the highest positive predictive value (76.9%) for gout. 

The EULAR gout task force in 2006 presented 10 evidence-based 
recommendations for gout diagnosis, as shown in Table 1.32,33 These 
recommendations, developed by 19 European rheumatologists and 
1 evidence-based medicine expert, critically appraised research 
evidence for diagnostic tests associated with gout. The 10 propositions 
they generated were based on a combination of the best available 
evidence and expert opinion, and reflected the consensus standard 
of practice in gout diagnosis among European rheumatologists.
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Table 1. EULAR Recommendations for Gout Diagnosis (Modified to 
US Standards)32,33 

Imaging: From X-rays to Ultrasound, MRI, and 
DECT
The radiographic manifestations of tophaceous gout were first 
described in 1896, and x-rays were first used to document resorption 
of tophi following uricosuric therapy in 1951.34 But x-rays are not 
capable of diagnosing gout in its earliest stages; with conventional 
radiography, there is a latent period of about 5-10 years between the 
first clinical symptoms of gout and the appearance of specific signs 
on x-ray. 

Lately, researchers have examined using newer imaging technologies 
to diagnose and/or monitor the progress of gout. A recent report 
suggested that the following ultrasound findings are characteristic 
of gout: hyperechoic, irregular bands over the superficial margins of 
articular cartilage (the double contour sign) that seem to represent 
MSU crystals, inhomogeneous material surrounded by an anechoic 
rim, representing tophaceous material, and erosions adjacent to 
tophaceous material, as seen in Figure 1.35 In a prospective study 
comparing conventional radiography to ultrasound, having at least 1 
sign on x-ray (soft-tissue opacification, articular or periarticular bone 
erosion, and osteophytes at the margins of opacifications or erosions) 
predicted clinically diagnosed gout with a sensitivity of 31% and a 
specificity of 93%, whereas at least 1 positive sign on ultrasound 
(bright stippled foci or hyperechoic soft-tissue areas) suggested gout 
with a sensitivity of 96% and a specificity of 73%.36 These ultrasound 
findings were detected in patients who had been diagnosed with 

gout more than 6 months, but the sensitivity of ultrasound to detect 
deposition of MSU crystals on cartilaginous surfaces in the earliest 
stages of the disease process is still unknown.35 

Figure 1. Ultrasounds of First Metatarsophalangeal Joints in Patients 
With Gout Compared to Controls35

A. 	Dorsal longitudinal view of the first metatarsophalangeal (MTP)  
	 in a control.
B.	 Dorsal longitudinal view of the first MTP in a gout patient.  
	 A distended joint capsule with thickened synovial lining (closed  
	 arrowheads) can be seen. A hyperechoic irregular line is parallel  
	 to the hyperechoic bony contour and the anechoic hyaline  
	 cartilage of the metatarsal head (open arrowhead). 
C. 	Plantar longitudinal view of the first MTP in a gout patient.  An  
	 irregular thick band covers the hyaline cartilage (open  
	 arrowheads), which is not limited to the area of perpendicular  
	 incidence of sound waves. 

It has been suggested that high-resolution ultrasound can 
differentiate gout, in which MSU crystals deposit on the cartilage 
surface, from pseudogout, in which calcium pyrophosphate dihydrate 
crystals are deposited within the articular cartilage.37 Comparison of 
ultrasound findings on arthritic knees demonstrated that hyperechoic 
enhancement of the chondrosynovial margin had a 99.0% specificity 
for gout, whereas intracartilagenous hyperechoic spots had a 97.6% 
specificity for pseudogout.38 

Other imaging modalities offer promise for monitoring the 
progression of gout and the effectiveness of urate-lowering therapy 
(ULT). Magnetic resonance imaging (MRI) can quantify the size of 
gouty tophi and was recently shown to identify occult destructive 
arthropathy in a significant proportion (16 of 27, 59%) of gout 
patients with normal x-rays.39,40 However, only a few small studies 
have compared MRI to ultrasound or computed tomography to assess 
its accuracy in identifying gouty tophi.41,42 Dual energy computed 

	 Reproduced with permission from the British Society of Rheumatology. Thiele RG, 
	 et al. Diagnosis of gout by ultrasound. Rheumatology. 2007;46(7):1116-1121.

Please visit www.TotalMedEd.com/rheum for
additional gout CME activities.
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tomography (DECT) is a newer type of computed tomography that 
produces volume-rendered, 3-dimensional, color displays of urate 
deposits, as shown in Figure 2.43 Recent studies show that DECT 
scans reveal significantly more areas of urate deposition than a 
physical examination.44 To date, there are few data comparing DECT 
to other imaging techniques.

Imaging of gouty joints via ultrasonography, DECT, or MRI has not 
replaced identification of MSU crystals in synovial fluid as the gold 
standard for diagnosing gout.6 But if these newer imaging techniques 
can identify MSU crystal deposition prior to bone erosion or joint 
destruction, they offer promise as a noninvasive alternative for 
diagnosing gout in the earliest stages of the disease. In addition, 
they may be used in the future to monitor the progression of gout 
and the effectiveness of ULT. However, the studies referenced above 
were generally small and uncontrolled, with unknown reliability 
or reproducibility. Further large-scale studies comparing these 
techniques to crystal identification are needed to determine whether 
they can be used to reliably aid in the diagnosis of gout.

Figure 2. Urate Deposits in the Feet: Volume-Rendered, 
3-Dimensional DECT Images43 

Risk Factors for 
Hyperuricemia and 
Gout
Population studies have 
identified a number of risk 
factors for hyperuricemia 
and gout. One is male gender: 
SUA levels are, on average, 
0.5-1.0 mg/dL higher in 
men than in premenopausal 
women, probably due 
to the uricosuric effect 
of estrogens,1 and gout 
prevalence is higher in men 
than in women at all ages.45 

Organ transplantation is 
another risk factor because 
the immunosuppressive 
agents cyclosporine and, to 
a lesser degree, tacrolimus, 
increase renal tubular urate 

reabsorption via decreased glomerular filtration rate, hypertension, 
and interstitial nephropathy.9 In some renal transplantation patients 
on cyclosporine, the mean SUA level was approximately 12 mg/
dL, gout developed in 2-3 years in 8%-13% of patients, and tophi 
deposition was rapid and extensive.46 Increased longevity also 
increases the risk for gout since gout prevalence increases with 
age.45 Longevity is also associated with increased risk for many of 
the comorbid conditions associated with gout.47 

Comorbidities Associated With Hyperuricemia 
Large observational population studies have shown an association 
between hyperuricemia and a number of other conditions, including 
hypertension, chronic kidney disease, preeclampsia, cardiovascular 
disease including coronary artery disease, cerebrovascular disease 
and vascular dementia, and metabolic syndrome and its related 
conditions hypertriglyceridemia, obesity, and insulin resistance.1,48 
There is some evidence that hyperuricemia is independently 

associated with these comorbidities, especially in patients at elevated 
cardiovascular risk.49 However, it is still unclear whether hyperuricemia 
plays a causal role in these disorders or is merely a marker of 
coexisting disease. The increasing prevalence of gout concurrent 
with the increasing prevalence of these associated comorbidities 
has lent urgency to ongoing research to elucidate that question. 
In this section, we will review recent advances in understanding 
the association between hyperuricemia and its comorbidities.

Hyperuricemia and Hypertension: Cause/Effect or 
Epiphenomenon?
Many epidemiologic studies have correlated increased prevalence 
of hyperuricemia with increased blood pressure in the general 
population, and increased risk for development of hypertension with 
increased SUA levels.48 These associations do not, however, establish 
a cause/effect relationship between the 2 in either direction. More 
recent studies, including several in animal models, support the 
possibility that elevated SUA may lead to hypertension.1 

A total of 16 clinical studies, including the Framingham Heart 
Study, the Normative Aging Study, and the Heath Professionals 
Follow-up Study (HPFS), have shown that hyperuricemia is an 
independent risk factor for the development of hypertension within 
5 years.1 Hyperuricemia has also been shown to be associated with 
prehypertension independent of smoking, body mass index (BMI), 
diabetes, kidney function, and other confounders.50 In one study, 
almost 90% of adolescents with essential hypertension had SUA 
> 5.5 mg/dL, whereas SUA was significantly lower in adolescents with 
white-coat or secondary hypertension.51 This relationship between 
SUA and hypertension is weaker in older patients with longer duration 
of disease, which suggests that uric acid may be more important in 
younger individuals early in the disease process.1,52

When rats (which have a functional uricase enzyme) were treated 
with a uricase inhibitor to make them hyperuricemic, hypertension 
developed several weeks later.53 In these animals, blood pressure 
correlated directly with SUA and decreased on administration of 
a uricosuric agent or xanthine oxidase inhibitor. Over time, these 
hyperuricemic rats developed microvascular renal disease even when 
blood pressure was controlled with a diuretic.54 This suggests that uric 
acid may cause microvascular disease independent of hypertension.1 

In another study using the same rat model of hyperuricemia, renal 
microvascular changes and interstitial inflammation were observed 
even after the uricase inhibitor was discontinued and SUA returned 
to normal.55 Moreover, administration of a high-salt diet led to 
increased blood pressure only in the previously hyperuricemic rats. 
These results correlate with the clinical observation that higher SUA 
is linked to newly diagnosed or early-onset hypertension.1 

Other clinical studies support the importance of uric acid in early-onset 
primary hypertension. The  Multiple  Risk Factor  Intervention Trial 
(MRFIT) demonstrated that men who were normotensive and without 
diabetes/glucose intolerance or metabolic syndrome at baseline had 
an approximately 80% increased risk of developing hypertension 
during the 6-year follow up if they were also hyperuricemic (SUA 
> 7.0 mg/dL).56 In a recent double-blind, placebo-controlled, 
crossover trial in 30 adolescents with hypertension and SUA 
≥ 6 mg/dL, allopurinol was associated with a significant reduction in 
casual and ambulatory hypertension.57 Moreover, 86% of patients 
whose SUA dropped to less than 5 mg/dL with allopurinol therapy 
became normotensive compared to 3% of those in the placebo phase 

Reproduced with permission from BMJ Publishing 
Group Ltd. Choi HK, et al. Ann Rheum Dis. Published 
ahead of print December 9, 2008.
Arrows denote tophi (red).
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of the study. These studies provide additional evidence that uric acid 
may play a role in the development of hypertension.

Hyperuricemia and Cardiovascular Disease
Many older studies established an association between hyperuricemia 
and cardiovascular disease, but because urate levels correlate 
with known cardiovascular risk factors including age, male gender, 
hypertension, diabetes mellitus, hypertriglyceridemia, obesity, and 
insulin resistance, it was unclear whether uric acid was a marker 
or cause of cardiovascular disease.58 Recent studies lend credence 
to the theory that hyperuricemia is an independent risk factor for 
cardiovascular disease. MRFIT found that hyperuricemia (SUA 
≥ 7.0 mg/dL) was an independent risk factor for acute myocardial 
infarction.59 The Italian PIUMA study found that after adjusting 
for age, sex, diabetes, serum lipid levels, serum creatinine, left 
ventricular hypertrophy, blood pressure, and diuretic use, patients 
with SUA levels in the highest quartile (mean SUA: 6.4 mg/dL) had 
an increased risk for experiencing all cardiovascular events (risk ratio 
[RR] 1.73) and fatal cardiovascular events (RR 1.96) compared to 
those in the second quartile (mean SUA: 4.3 mg/dL).60 Finally, in the 
Rotterdam Study, high levels were a strong predictor for myocardial 
infarction and coronary heart disease during the 8.4-year follow-up 
period, even after adjusting for other vascular risk factors.61 

Hyperuricemia and Stroke/Neurologic Disease
Many studies in the past decade have examined whether the 
association between hyperuricemia and stroke is circumstantial or 
causal, but there is still little consensus.62 A very recent meta-analysis 
of 14 prospective observational studies showed that hyperuricemia 
was associated with an increased risk for stroke (RR 1.40; 95% CI, 
1.14-1.66), and that association was even stronger (RR 1.65; 95% CI, 
1.34-1.95) in the 8 studies that adjusted for known stroke risk factors.63 
Hyperuricemia has also been shown to be an independent predictor 
of stroke mortality and poor outcomes, especially in diabetics, and 
patients with worse early outcomes after stroke were those with 
higher plasma urate levels.48

Hyperuricemia and Metabolic Syndrome/Diabetes
Many studies have documented an association between 
hyperuricemia/gout and diabetes and metabolic syndrome. 
According to the Third National Health and Nutrition Examination 
Survey (NHANES III), the odds ratio for metabolic syndrome among 
individuals with gout was 3.05 (95% CI, 2.01-4.61) when adjusted for 
age and gender.64 In MRFIT, male gout patients had an increased risk 
of developing type 2 diabetes (RR 1.34; 95% CI, 1.09-1.64) compared 
to those without gout, even after adjusting for age, BMI, smoking, 
family history of type 2 diabetes, alcohol intake, dietary factors, and 
individual components of metabolic syndrome.65

The prevailing viewpoint has long been that the association between 
metabolic syndrome and hyperuricemia/gout is mediated by 
hyperinsulinemia because insulin reduces renal urate excretion.66 
However, it is unclear whether hyperuricemia precedes or succeeds 
hyperinsulinemia. The Atherosclerosis Risk in Communities study 
showed that patients with higher baseline SUA had an increased risk 
for progressing to hyperinsulinemia.67 In the Bogalusa Heart study, 
on the other hand, children with metabolic syndrome (defined as 3 
or more of the following: being in the highest quartile of BMI, blood 
pressure, triglycerides, or insulin resistance, or the lowest quartile of 
high density lipoprotein) were at an increased risk of elevated SUA 
as adults compared to children without metabolic syndrome.68

As is true for other comorbidities, the clearest evidence to date 
for a causal relationship between hyperuricemia and metabolic 
syndrome comes from animal studies. In rats fed a high-fructose diet, 
treatment with allopurinol reduced uric acid and prophylactically 
prevented fructose-induced hyperinsulinemia, systolic hypertension, 
hypertriglyceridemia, and weight gain.69,70 Treatment with the new 
xanthine oxidase inhibitor febuxostat likewise significantly lowered 
blood pressure, uric acid, triglycerides, and insulin in rats with 
metabolic syndrome induced by a high-fructose diet.71 These studies 
offer support to the theory that uric acid may play a role in the 
development of metabolic syndrome. 

Hyperuricemia and Chronic Kidney Disease
As with the comorbidities discussed above, the association between 
hyperuricemia/gout and renal disease has long been established, 
but it is unclear whether hyperuricemia plays a causal role in renal 
disease. Animal studies have shown that raising SUA levels can 
induce de novo kidney disease or worsen existing kidney disease.1 
In addition, epidemiologic studies have shown that elevated SUA 
levels independently predict development of renal dysfunction and 
end-stage renal disease.72,73 In more recent studies, lowering SUA 
slowed the progression of renal disease, especially in patients with 
hyperuricemia.74,75 Siu and colleagues found that allopurinol therapy 
helped to preserve kidney function in patients with hyperuricemia 
and mild-to-moderate renal disease.74 Kanbay and colleagues 
showed that allopurinol treatment for asymptomatic hyperuricemia 
improved renal function.75

Summary: Hyperuricemia and Comorbidities
Although the studies reviewed above suggest the importance 
of hyperuricemia in the development of comorbid conditions, it 
should be stressed that many of these studies were performed on 
small clinical populations or animals, and their results are not yet 
applicable to patients.1 The consensus standard of care today is that 
asymptomatic hyperuricemia should not be treated. These studies 
may be of interest to rheumatologists because they begin to uncover 
the effect of hyperuricemia on other physiologic systems, but are less 
relevant to the typical referred patient with advanced tophaceous 
gout. However, recognizing that comorbidities often coexist with 
gout is important to all rheumatologists because these comorbidities 
should be addressed with each patient and management choices for 
patients with gout depend on each patient’s individual risk factors 
and comorbidities.

Prevention: Dietary and Lifestyle 
Factors in Gout
Prevention of gout through patient education and lifestyle advice 
regarding weight loss, diet, and reduced alcohol consumption is one of 
the EULAR gout task force recommendations for gout management.76 
Although there are no prospective studies addressing primary 
prevention in gout, several observational studies have demonstrated 
that various dietary and lifestyle choices are associated with 
hyperuricemia and gout.6 

SUA levels are determined by the balance between dietary purine 
intake, endogenous purine synthesis, and urate excretion via the 
gastrointestinal tract and kidneys.9 The effect of dietary purine 
intake on SUA has been shown in a number of observational studies, 
including HPFS and NHANES III.26,77 These studies demonstrated that 
consumption of purine-rich meat and seafood was associated with 
increased SUA levels and incidence of gout, but not consumption of 
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purine-rich vegetables (peas, beans, lentils, and spinach, etc). They 
also showed that consumption of any type of alcohol had a dose-
response effect on levels and risk of gout.26,78 A recent study found 
that gout patients with even low-to-moderate alcohol intake were 
at increased risk of an acute gout attack in the next 24 hours if their 
dietary purine intake was in the middle or highest tertile.79

There is increasing concern about the effects of fructose consumption 
on SUA levels and risk for gout. In one study, ingestion of a large 
fructose-based meal was followed by a 1-4 mg/dL increase in serum 
urate.80,81 The metabolism of fructose in the liver depletes adenosine 
triphosphate and increases adenosine monophosphate, which can 
be rapidly degraded to uric acid.9,81 Fructose is the only carbohydrate 
that has a direct effect on uric acid metabolism.9 Fructose may 
also be partly responsible for the association between GLUT9 
genetic variants and reduced urate excretion because fructose and 
glucose facilitate the uptake of urate by GLUT9 isoforms.15 The rise 
in SUA levels since the introduction of high-fructose corn syrup as 
a sweetener in the 1970s has led many to wonder if the increasing 
prevalence of hyperuricemia and gout is related to the increased 
consumption of fructose in the form of high-fructose corn syrup.81 

Recent reanalysis of data from HPFS and NHANES III showed that 
consuming fructose-sweetened soft drinks had a dose-dependent 
effect on SUA levels and risk of developing gout, especially in 
men.82,83 In addition, some speculate that fructose may play a role 
in the concurrent rise in hypertension, obesity, metabolic syndrome, 
diabetes, kidney disease, and cardiovascular disease.81

Other dietary factors seem to have a protective effect against 
hyperuricemia and gout. Data from HPFS and NHANES III showed 
an association between the consumption of low-fat dairy products 
and a decreased risk of hyperuricemia and gout.26,77 Vitamin C may 
also be protective: In a double-blind placebo-controlled trial, daily 
supplementation with vitamin C 500 mg/day for 2 months reduced 
serum urate levels by an average of 0.5 mg/dL.84 Reanalysis of data 
from HPFS showed that incidence of gout progressively decreased 
with increasing vitamin C intake, with lowest incidence of gout 
among patients taking more than 1500 mg daily, whether in the diet 
or from supplements.85

	
Management 
Nonpharmacologic management of gout includes patient education 
and advice about the dietary and lifestyle factors mentioned above, 
and attention to gout-associated risk factors and comorbidities.76 
Pharmacologic gout management depends on the clinical phase, 
whether an acute gout attack, the intercritical period, or chronic 
tophaceous gout. 

Alleviating the Acute Gout Attack
The aim of therapy for acute gouty arthritis is rapid, safe resolution 
of pain and functional disability.86 The most commonly used 
agents for treating an acute attack include nonsteroidal anti-
inflammatory drugs (NSAIDs), colchicine, and oral, intramuscular, or 
intra-articular corticosteroids, with the choice of therapy dependent 
on the patient’s comorbidities.6,87 The choice of therapy to treat an 
acute attack may be less important than initiating therapy as soon 
as possible. In untreated patients, complete resolution of an acute 
gout attack was unlikely after 7 days without treatment,88 whereas 
full resolution was achieved in more than 90% of treated patients 

within 5-8 days.89 Patients who have been educated to keep a supply 
of NSAIDs or colchicine available at all times and taken at the first 
sign of an attack may have improved outcomes.87

NSAIDs 
NSAIDs are the most commonly used anti-inflammatory agents for 
an acute attack.6 Comparative studies have shown that NSAIDs are 
all equally effective, with no significant difference between them 
in terms of clinical efficacy.76 A small trial found that the NSAID 
tenoxicam was more effective than placebo, and suggested that 
tenoxicam may have efficacy equal to colchicine.76,90 For an acute 
attack, the usual treatment regimen begins with NSAIDs at full doses, 
tapering gradually, and continuing the reduced dose a few days after 
symptoms are relieved.6 A major concern with NSAIDs is of course 
their gastrointestinal adverse events, and coadministration of NSAIDs 
with gastrointestinal protectors or the use of cyclooxygenase-2 
selective inhibitors may be considered.76,91-93 NSAIDs should be 
avoided in patients with renal or hepatic impairment, or in those at risk 
for clinically significant gastrointestinal adverse effects, hemorrhage, 
congestive heart failure, or asthma.86 Risk of NSAID-associated 
adverse events is greatest in the elderly, so early administration of 
NSAIDs in a gout flare is especially important in that population to 
limit the dosage and duration of NSAID use.94

Colchicine 
Colchicine is the other first-line therapy for systemic treatment of 
acute attacks.76 In one study, colchicine relieved pain significantly 
better than placebo when initiated in the first 24 hours of an 
attack.86,95 That study used colchicine at a loading dose of 1 mg 
followed by 0.5 mg every 2 hours until toxicity developed (nausea, 
vomiting, or diarrhea), which occurred in all patients within 48 
hours.76,95 Therefore, the EULAR gout task force recommended that 
lower doses of colchicine (0.5 mg TID) might be sufficient for some 
patients with acute gout.76 Another colchicine protocol recommended 
in the literature is 0.6 mg every hour for up to 3 hours.86 A recent 
randomized controlled trial (RCT) comparing a low-dose colchicine 
regimen (1.2-mg loading dose followed by 0.6 mg in an hour) to a 
high-dose colchicine regimen (1.2-mg loading dose followed by 
0.6 mg hourly over the next 6 hours) found that both regimens had 
comparable efficacy over 24 hours, but the low-dose regimen had 
significantly less gastrointestinal toxicity.96 Gastrointestinal adverse 
events, including cramping abdominal pain, diarrhea, nausea, or 
vomiting, develop in 50%-80% of patients, limiting the use of 
colchicine.87 In addition, because colchicine is metabolized in the 
liver and excreted by the kidneys,6 it should be avoided in patients 
with renal or hepatic impairment. Colchicine also carries risk for bone 
marrow suppression and, with chronic use, neuromyopathy,97 and for 
drug interaction with cyclosporine, statins, and macrolides.98 The US 
Food and Drug Administration (FDA) recently withdrew approval for 
intravenous preparations of colchicine due to concern over recent 
reports of deaths in association with intravenous colchicine.99

Corticosteroids
Systemic corticosteroids have also been used to treat acute attacks, 
although the dosage and duration of use have not been studied.87 
Because renal transplantation patients on maintenance doses 
of prednisone have experienced acute gout attacks,86,87,100 higher 
dosages of prednisone are recommended in the literature, including 
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20-50 mg/day or 40-60 mg/day.6,86,87 Corticosteroids should of 
course be tapered gradually, but especially so in gout patients 
because of anecdotal reports of rebound attacks after steroid 
therapy was withdrawn.87 Systemic corticosteroids are often used in 
conjunction with NSAIDs, but there is little evidence to suggest that 
that combination has more efficacy than either of the constituents 
administered singly.101 Systemic corticosteroids should be used 
cautiously in patients with diabetes.97 

Given the number of contraindications to NSAIDs and colchicine 
and their extensive adverse events, intra-articular injection of 
corticosteroids is a popular option, especially when only 1 or 2 
joints are involved.6 Studies evaluating intra-articular injection of 
triamcinolone acetate found that it compared favorably with NSAID 
use.87,102,103 Of course, accurate placement of intra-articular injections 
can be challenging, even for rheumatologists, and ultrasound 
guidance may be useful.104 Corticosteroid injection should be avoided 
in patients with joint sepsis.97

Investigational Therapies for Acute Gout
A few small studies have investigated whether inhibition of specific 
inflammatory mediators can moderate the inflammation of an acute 
gout attack. In a pilot study, 10 patients with gout who could not 
tolerate or had failed standard anti-inflammatory therapies were 
treated with the IL-1 receptor antagonist anakinra, and all experienced 
rapid improvement in pain within 48 hours with no adverse events.20 
In another study, treating 10 patients with refractory chronic active 
gouty arthritis with the IL-1 antagonist rilonacept (IL-1 Trap) effectively 
reduced pain and high-sensitivity C-reactive protein (CRP) levels.105 
Tumor necrosis factor (TNF)-α blockade has also been attempted 
in 2 patients with severe chronic tophaceous gout.106,107 In the first 
patient, twice-weekly subcutaneous injection with the TNF-α 
inhibitor etanercept greatly reduced the number of acute attacks, 
the number of inflamed joints, erythrocyte sedimentation rate, and 
CRP levels.106 In the second patient, infusion with the TNF-α inhibitor 
infliximab rapidly reduced pain, joint inflammation, and CRP.107 These 
therapies have yielded efficacy in rheumatoid arthritis, but are in the 
experimental stage in the treatment of acute gout attacks.108

Nonpharmacologic Adjuncts to Therapy for Acute Gout 
Attacks
A few adjunctive nonpharmacologic therapies have yielded efficacy 
in acute gout attacks. In one study, the combination of topical ice 
therapy, prednisone, and colchicine significantly reduced the pain 
of an acute attack compared to prednisone and colchicine alone.109 
Small animal experiments suggest that joint rest can be a useful 
adjunct to other treatments for acute gout.6,110

Long-term Gout Management
Reevaluating Existing Medications
Approximately 60% of patients who have an acute attack of gout will 
experience another within 12 months.111 Therefore, management of 
gout begins with patient education on risk factors and lifestyle choices 
that predispose to gout, as detailed above.76 In addition, medications 
that raise SUA should be avoided or their use limited.112 For example, 
diuretics are a common risk factor for gout.76 For patients with both 
gout and hypertension, replacing a thiazide diuretic that increases 
SUA with the angiotensin II receptor antagonist losartan, a uricosuric 
that inhibits URAT-1, may lower both blood pressure and SUA.9,76 For 
patients with gout and hyperlipidemia, replacing their lipid-lowering 

agent with fenofibrate, which has been shown to have uricosuric 
SUA-lowering effects in a double-blind, placebo-controlled, crossover 
RCT, may be helpful.113 Many gout patients are on low-dose aspirin 
because of their cardiovascular comorbidities, but aspirin at low 
doses (< 1 g/day) reduces uric acid excretion. Aspirin is uricosuric 
at high doses (> 3 g/day).114 A recent study reported that using low-
dose aspirin (≤ 325 mg/day) for 2 consecutive days was associated 
with an increased risk of subsequent gout attacks. Of course, this 
risk for acute attacks should be weighed against the cardiovascular 
benefits of low-dose aspirin.

Other medications for cardiovascular disease and hyperlipidemia 
also have uricosuric effects. The calcium channel blocker (CCB) 
amlodipine at a dose of 5-10 mg/day was shown in one study to 
reduce SUA by approximately 0.85 mg/dL in renal transplantation 
patients.115 In another study, atorvastatin decreased serum urate by 
8.9% in patients with metabolic syndrome.116 It might be beneficial 
to utilize these medications rather than CCBs or statins without 
uricosuric effects when treating the cardiovascular comorbidities of 
gout patients. 

Reevaluating the medication regimen of gout patients has several 
benefits. Replacing an existing medication with another with 
uricosuric properties minimizes the number of medications each 
patient is expected to take, which improves compliance and reduces 
the possibility of drug interactions. Gout patients are often elderly, 
with multiple comorbidities including renal disease, so limiting their 
medication regimen also guards against unwanted adverse events, 
including renal toxicity. 

Urate-lowering Therapy
After dietary and lifestyle changes and modifying the patient’s 
medication regimen, long-term management of gout involves ULT. 
The goal of ULT is to promote crystal dissolution and prevent crystal 
formation.76 However, there are few data on when to initiate ULT. It is 
universally agreed that ULT should be recommended to patients with 
severe established gout (ie, with tophi, gout arthropathy, radiographic 
changes of gout, multiple joint involvement, or associated uric acid 
nephrolithiasis), but there is less agreement on initiating ULT in less 
severe gout (ie, after a single acute attack). Recommendations in 
the literature range from initiating ULT after the initial gout attack to 
waiting until further attacks become so frequent as to be troublesome. 
The decision to initiate ULT should be weighed carefully, since gout 
is not always a progressive disease and SUA can return to normal if 
patients stop drinking alcohol, change medication, or lose weight.86 
On the other hand, joint damage can occur if ULT is not started or 
if it does not reduce SUA levels optimally and prevent MSU crystal 
deposition. Another factor that should be considered is cost. In 
patients with nontophaceous gout with recurrent attacks, ULT was 
estimated to be cost-saving if patients presented with 2 or more 
recurrent attacks per year.117 The recommendation of the EULAR gout 
task force was that ULT is indicated in patients with recurrent acute 
attacks, arthropathy, tophi, or radiographic changes of gout.76 

Initiating ULT
Caution should be used when initiating ULT because reducing SUA 
rapidly by initiating ULT or increasing the dose of urate-lowering 
drugs carries some risk for inducing an acute gout attack.76,118 Studies 
have examined the efficacy of using either NSAIDs or colchicine 
as prophylaxis against acute attacks in the first months of ULT. A 
placebo-controlled RCT found that patients initiating allopurinol 
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experienced significantly fewer acute attacks when concurrently 
taking colchicine 0.6 mg BID.119 In another RCT, significantly fewer 
patients initiating probenecid experienced acute attacks when 
concurrently taking colchicine 0.5 mg daily.76,120 The EULAR gout 
task force concluded that evidence to support using colchicine 
(0.5-1.0 mg daily) as prophylaxis against acute attacks when 
beginning ULT is reasonable, but evidence for NSAIDs for the same 
purpose is less convincing.76 There are few data on how long these 
agents should be used for prophylaxis, although longer prophylaxis 
is generally used for patients with greater crystal load. A reasonable 
approach is to use anti-inflammatory prophylaxis for 6 months, 
or until all visible tophi have disappeared.86 Colchicine dosage is 
generally adjusted down in patients with decreased renal function, 
but there is little evidence for this widely used practice.86,121

Target SUA Levels
The aim of ULT is to prevent MSU crystal formation and enhance 
crystal dissolution.76 The standard recommended target for ULT is 
SUA < 6.0 mg/dL, which has been endorsed by the EULAR gout task 
force. SUA levels < 6.0 mg/dL have been shown to reduce the risk 
of acute gout attacks, decrease crystal persistence in joints, and 
dissolve tophi.6,122-124 In patients with greater disease burden, more 
aggressive SUA lowering may be indicated to more rapidly resolve 
tophi.76,125 After initiating ULT, SUA levels should be checked every 
2-4 weeks and urate-lowering agent(s) titrated up to doses that 
achieve the targeted SUA level.6 

Xanthine Oxidase Inhibitors 
Allopurinol
The xanthine oxidase inhibitor allopurinol, which was FDA-approved 
in 1966, is the most widely used urate-lowering agent.6,126 Because 
xanthine oxidase catalyzes the conversion of hypoxanthine to 
xanthine and xanthine to uric acid, steps in endogenous purine 
synthesis, xanthine oxidase inhibitors are effective in patients who 
either overproduce or underexcrete uric acid.6,9 Many uncontrolled 
trials have demonstrated the efficacy of allopurinol in reducing uric 
acid levels.76 A reanalysis of data from 2 trials showed that every 
100-mg increase in allopurinol reduced SUA by approximately 
1 mg/dL. The EULAR gout task force recommended a “go low, go slow” 
dosing strategy, starting allopurinol at 100 mg daily and increasing it 
by 100 mg every 2-4 weeks, up to a maximum of 800 mg/day.127 
Achieving the target SUA often requires allopurinol doses greater 
than 300 mg. In a multicenter RCT, only 21% of patients achieved 
an SUA consistently < 6.0 mg/dL while taking allopurinol 300 mg 
daily.128 In a survey of allopurinol use in a managed care organization, 
of the 97% of patients with allopurinol dosage ≤ 300 mg daily, 
less than 25% successfully reduced SUA levels below the target of 
< 6.0 mg/dL.129

Cautious dosing of allopurinol has been recommended due to 
concerns about allopurinol hypersensitivity syndrome (AHS) and 
renal disease.130 AHS, a life-threatening disorder characterized by 
an erythematous desquamating rash, fever, hepatitis, eosinophilia, 
and worsening renal function, is rare.130,131 To avoid AHS, Hande and 
colleagues recommended reducing allopurinol dosage based on 
renal function. But more recent studies have questioned whether 
reducing allopurinol dosage also reduces risk for AHS.130 In addition, 
lower doses of allopurinol may not optimally lower SUA to target 
levels. Many rheumatologists now attempt to cautiously increase 
alllopurinol dosage, even in patients with renal disease, in order to 
attain an SUA < 6.0 mg/dL.6 

Several strategies have been attempted to avoid allopurinol sensitivity 
reactions. In a small cohort of patients with pruritic cutaneous 
reactions to allopurinol less severe than AHS, slow dose escalation 
of allopurinol successfully desensitized 78% of patients.132 Whether 
such a desensitization program would be effective for all of the 2% 
of allopurinol-treated patients who experience hypersensitivity 
reactions is unclear.6 Some studies have examined oxypurinol, the 
principal metabolite and active product of allopurinol, which has also 
been shown to lower SUA.133 But up to 40% of patients have cross-
reactivity between allopurinol and oxypurinol.76 Hung and colleagues 
identified a strong association between the allele HLA-B*5801 and 
allopurinol-related severe cutaneous adverse reactions, suggesting 
that it may be possible to identify patients who are hypersensitive to 
allopurinol in the future.134 

Febuxostat
For more than 40 years, allopurinol, which competitively inhibits 
xanthine oxidase, was the only xanthine oxidase inhibitor available 
for long-term ULT. In February 2009, the FDA approved febuxostat, 
a new nonpurine selective inhibitor of xanthine oxidase, for the 
chronic management of hyperuricemia in patients with gout.127 
The multicenter phase III CONFIRMS trial compared the safety 
and efficacy of febuxostat with that of allopurinol (200 or 
300 mg daily) in 2268 patients with gout or hyperuricemia (SUA level 
≥ 8.0 mg/dL).127,135,136 In that trial, 45% and 67% of patients taking 
febuxostat 40 mg and 80 mg once daily, respectively, reached an 
SUA < 6.0 mg/dL after 6 months compared to 42% of those taking 
allopurinol. In patients with mild-to-moderate renal impairment 
(baseline creatinine clearance: 30-89 mL/min), 50% and 72% of 
patients taking febuxostat 40 mg and 80 mg daily, respectively, 
reached an SUA < 6.0 mg/dL compared to 42% of those taking 
allopurinol.127 A 5-year open-label follow-up study (Febuxostat 
Open-label Clinical Trial of Urate-lowering Efficacy and Safety 
[FOCUS]) was conducted in patients from a 28-day phase II trial.137 

Of the remaining 58 patients, 54 (93%) on febuxostat (40, 80, or 
120 mg) achieved an SUA < 6.0 mg/dL at the 5-year follow up. Of 
the 26 patients with a palpable tophus at baseline, 18 (69%) had 
complete resolution by the final visit. Combined data from 3 phase 
III trials, including the CONFIRMS trial, indicated that there was an 
increased risk of adjudicated Anti-Platelet Trialists’ Collaborations 
cardiovascular events and deaths with febuxostat 80 mg (1.09 per 
100 person-years; 95% CI, 0.44-2.24) than with allopurinol (0.60 
per 100 person-years; 95% CI, 0.16-1.53).127 In addition, febuxostat 
is hepatically metabolized, and transaminase elevations have been 
observed in febuxostat-treated patients. 

Uricosurics
Uricosurics increase renal excretion of urate by inhibiting URAT-
1, the anion exchanger in the renal proximal tubule responsible for 
urate reabsorption.6 Uricosurics are considered first-line agents for 
the 75% of gout patients who have decreased renal urate excretion.86 
The EULAR gout task force found that the uricosuric probenecid is 
effective at lowering SUA, but probably inferior to allopurinol.76 
Probenecid was more effective at reducing SUA in patients without 
renal impairment in an uncontrolled trial, and should be used 
only by patients with high fluid intake who comply with therapy 
for alkanization of urine.76,138,139 Probenecid is recommended only 
for patients with normal renal function without urolithiasis or 
overexcretion of uric acid. 



10

Uricase
Parenteral administration of the enzyme uricase, which catalyzes 
the conversion of uric acid to the more soluble, renally excreted 
allantoin, is another strategy for reducing SUA levels.140 Rasburicase, 
a recombinant uricase enzyme, is already FDA-approved to 
prevent tumor lysis syndrome via a single short (5-day) course 
of daily infusions.141 In isolated cases and small studies, it has 
been reported to reduce SUA levels and shrink tophi in patients 
with gout.142-145 But unaltered uricase is highly immunogenic, and 
rasburicase is also immunogenic in healthy volunteers.141,146 The 
FDA has issued black-box warnings for rasburicase concerning the 
risk for severe hypersensitivity reactions including anaphylaxis, 
for severe hemolysis when administered to patients with glucose-
6-phosphate dehydrogenase deficiency, and an association with 
methemoglobinemia.

To address these concerns about immunogenicity, pegloticase, a 
polyethylene glycol–conjugated uricase, was developed and tested 
on patients with treatment-failure gout (TFG) (defined as SUA 
> 8.0 mg/dL; gouty arthropathy, presence of at least 1 tophus, or 
at least 3 gout flares in the previous 18 months; and prior failure of 
allopurinol at maximal doses or contraindication to allopurinol).147 

In a phase II trial in patients with TFG, pegloticase worked rapidly, 
reducing mean plasma urate levels to ≤ 6.0 mg/dL within 6 hours 
in all dosage groups.140 Results from the Gout Outcome and Urate 
Therapy (GOUT1 and GOUT2) phase III trials showed that treatment 
with pegloticase reduced plasma uric acid (PUA) below the target 
of < 6.0 mg/dL in approximately 40% of patients with TFG.147 
Pegloticase treatment every 2 weeks reduced tophus burden in 
40% of TFG patients, with complete resolution of tophi in 20% 
after 13 weeks of treatment.148 Patients in whom pegloticase did not 
reduce PUA below target levels were associated with high titers of 
antipegloticase antibodies, or any level of anti–polyethylene glycol 
antibodies.149 The FDA recently accepted the Biologics License 
Application for pegloticase with priority review status.150 

Conclusion
The prevalence of gout is rising, and our understanding of its 
pathophysiology, diagnosis, prevention, and management is also 
increasing. There are new insights into the renal transporters 
associated with hyperuricemia and the mechanisms underlying the 
inflammation of an acute gout attack. Improved imaging technologies 
may provide assistance in monitoring disease progression and, 
perhaps some day soon, diagnosing gout. Greater understanding of 
the risk factors associated with gout offer insight into the physiologic 
mechanisms that influence serum urate levels. Recent and continuing 
research into the comorbidities associated with gout adds to our 
knowledge of the effects of hyperuricemia on other organ systems. 
Finally, recent recommendations for acute gout attacks and new and 
upcoming therapeutic options to lower serum urate long-term offer 
hope to patients unable to benefit from established therapies.
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