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Because the manifestations of gout are due to inflam-
mation caused by urate crystal deposition, therapy
focuses on normalization of serum urate levels by xan-
thine oxidase inhibition and uricosurics, and on control
of arthritis and inflammation with colchicine, NSAIDsS,
and corticosteroids. Recent studies investigating the
pathogenesis of gout and its treatment have prompted
several useful reviews.23 This article focuses on the
epidemiology, pathogenesis, diagnosis, and treatment
of gout with an emphasis on new developments.

Epidemiology
Gout most commonly affects males above the age of
40. Using data from 1988-1994, the overall prevalence
inthe U.S. was estimated to be 5.1 million persons (3.4
million men and 1.7 million women).4 Although gout
iS more common in men, its prevalence in post-
menopausal women approaches that in men.1s

In the past, gout was considered a disease of the
affluent. In the last two centuries, however, gout has
been recognized increasingly in the general population.
The annual prevalence of gout has increased from
4.8/1000 in 1969 to 9.4/1000 in 1996, based on NHIS
data.16 Because the gene pool has not changed, thisdra-
matic increase presumably reflects lifestyle changes.

Risk Factors
Risk factors for gout include age, gender, hyper-
uricemia, adiposity, and diet. Its prevalence increases
with age, from 1.8/1000 in people under the age of 45
to 30.8/1000 in people over the age of 65 and was as
high as 46.4/1000 in men over the age of 65, based on
NHIS data from the 1996 survey.’s Elevated serum
urate levels are aso linked with increased risk (Table
1).17 Additionally, therisk for gout correlates with trun-
cal obesity, as measured by body massindex and wai st-
to-hip ratios.18-20

Various medications are known to cause hyper-
uricemia and are therefore risk factors for gout.
Diuretics are the most common of these, and
cyclosporine is probably the most severe. Low-dose
aspirin can also be a factor, athough the 81 mg/day

Division of Rheumatology
Department of Medicine
University of Washington

dosage for cardioprotection does not cause clinically
meaningful problems.2

Associated Conditions

Hyperuricemia and gout have been linked to other dis-
ease states, including hypertension, metabolic syn-
drome, cardiac disease, stroke, and renal disease. As
many as 76% of gout patients have metabolic syn-
drome (hypertension, insulin resistance, truncal obesi-
ty, and dyslipidemia).2223 In rats, all elements of the
metabolic syndrome were induced by fructose feeding
and reversed by allopurinol therapy.2* Fructose has
long been recognized as a cause of hyperuricemia, 27
and its presence in the American diet has risen marked-
ly in recent decades.

Under usual circumstances, serum urate levels
reflect the balance between filtration at the glomerulus
and reabsorption and secretion in the proximal renal
tubule. On adaily basis, roughly 10 grams of urate are
filtered (more than seven times the normal total body
pool), more than 9 grams are reabsorbed, and a much
smaller but clinically important amount is secreted.
The critical reabsorptive role is performed by
URAT1,2 while other transporters (UAT, OAT1, and
OAT?3) play smaller partsthat are still being investigat-
ed. URATL, in turn, may be controlled by a hepatic
hormone that offers a potentially important new target
for therapeutic intervention.?

Through several mechanisms, urate ions may dam-
age the kidneys. Rarely, and almost always in patients

Table 1. Annual incidence of first gout attack
in men

Serum Urate (mg/dl) Incidence %

<7.0 0.1
7.0-7.9 0.4
8.0-8.9 0.8
9.0-9.9 4.3

>10 7.0
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with hyperacidic urine, uric acid stones form in the
renal pelvis causing subsequent ureteral obstruction.
More commonly, and especially in the tumor lysis syn-
drome, uric acid nephropathy develops when the fil-
tered burden of uric acid overwhelms reabsorptive
capacity and the tubules become obstructed by uric
acid sludge. A third problem, gouty nephropathy, is
ubiquitous in patients with long-term gout. It occurs
when the same sodium urate crystals that cause gouty
arthritis precipitate in the rena interstitium, causing
chronic inflammation and nephron loss. Unfortunately,
the formaldehyde used in tissue fixatives forms highly
soluble complexes with urate, and these deposits are
leached away during tissue fixation and often go unrec-
ognized by pathologists.?® Finally, urate ions in solu-
tion may damage the renal vascular endothelium and
represent a critical factor in the pathogenesis of hyper-
tension.2132 Further work will be necessary to resolve
the relative contributions of the interstitial crystals and
the plasma urate ions in urate-induced renal injury.

A recent small study suggests that reduction of
serum urate levels with alopurinol therapy may slow
the progression of chronic renal disease, and an inter-
ventional study is currently in progress in patients with
hypertension.33

Pathogenesis of Gout

The pathogenesis of gout begins with crystallization of
urate within the joint, bursa, or tendon sheath, which
then leads to inflammation manifested as rapidly pro-
gressive pain, swelling, warmth, and tenderness.

Uric acid isaweak acid with pKaof 5.8; it is super-
saturated at 6.8 mg/dl in saline at 37°C. Because
peripheral joints are colder than central joints, the
arthritis has an acral distribution. Osteoarthritic
involvement (as in the bunion joints of the feet or
Heberden's nodes in the hands) predisposes such joints
to gout.3435 Urate crystals persist in joints and in tophi
during quiescent periods, but coating with serum pro-
teins, especialy apolipoproteins B and E, protects
against acute inflammatory response.36-3

Episodes of acute gout usually resolve in one to two
weeks, even without treatment. This self-limited
course may reflect development of protein coating of
the crystals during the course of an attack. As mono-
cytes mature into macrophages, their function becomes
more suppressive, via production of TGF-, than
proinflammatory, and this evolution may aso con-
tribute to the limited duration of acute gout.

Recently, several studies using in vitro assays and
knockout mice have examined the role of the immune
system in gouty inflammation. These studies suggest
that inflammation occurs via pathways that depend on
intracellular proteins of the innate immune response
such as NALP-3, MyD88, the inflammasome, and also
on the IL-1 receptor and IL-1 production.40-42

The tophus consists of a granuloma in a dynamic
process of remodeling, composed of mono- and multi-
nucleate macrophages surrounding a core of material
containing urate crystals.4344 The granulomatous
response in bone and joints leads to erosions and bone
destruction.

Diagnosis

The diagnosis of gout can be straightforward, as in
recurrent cases of classic podagra, or less apparent
when the condition mimics cellulitis or presents with
polyarthritis. Although elevated serum urate levels
increase the probability of gout, levels may be mislead-
ingly low during an acute attack. Crystal confirmation
of diagnosis via arthrocentesis excludes other crystal
diseases such as calcium pyrophosphate crystal deposi-
tion disease (CPPD), for which urate reduction therapy
would not be indicated, and makes infection less like-
ly (although septic arthritis may occur in gouty joints).
The sensitivity of crystal evaluation of synovia fluid,
approximately 80%, can be increased by repeat
microscopy of the same dide after 24 hours. Yuan et
al.* found five samples that became crystal-positive
(urate or CPPD) out of 23 suspected cases that initial-
ly tested negative.

Treatment

The treatment of gout has three main components: (1)
therapy of the acute attack; (2) prophylaxis against
flares; and (3) management of hyperuricemia.
Treatment of the acute attack can be achieved with
colchicine, non-steroidal anti-inflammatory drugs
(NSAIDs), and/or steroids. A combination of these
medications is often necessary. After an acute attack, it
is best to wait for full resolution before initiating urate-
lowering therapy. Suppressive therapy to prevent flares
usually involves colchicine or NSAIDs.

An important factor in choosing therapeutic agents
for an acute attack isthe presence of comorbidities (see
Table 2). The most common therapy for acute gout in
the setting of acute or chronic rena or hepatic failureis
steroids.
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Table 2. Preferred treatment for acute gout in a
patient with comorbidities

1A Oral
steroid steroid NSAID Colchicine
Normal +++ + +++ ++
Ulcer ++ - - +
Serum Cr >1.5 +4++ ++ - +/-
Severe + = - +

hypertension
Anticoagulation + ++ = ++
Severe diabetes + = + +

IA=intra-articular

Note: +++ is preferred over ++ over +, — indicates agents
which should be avoided, +/- indicates agents which may
be used but with caution; if two comorbidities exist, then
avoid agents with —

Acute Gout

Colchicine, the classic antidote for gouty arthritis,
functions by blocking microtubule assembly. Micro-
tubules are involved in the movement of intracellular
organelles. Disruption of microtubules reduces phago-
cytosis; inhibits release of chemotactic factors; down-
regulates TNF-a. receptors, insulin, and B-adrenergic
agonists; decreases adhesion and recruitment of poly-
morphonuclear lymphocytes to the area of inflamma-
tion; and also suppresses the NALP3 inflammasome
induced by urate crystals.4146 The fact that colchicine
acts on multiple targets of the inflammatory response
likely accounts for its high efficacy in treating acute
gout. Like al other agents for gouty arthritis, colchi-
cine is most effective if taken early in the acute attack
and less effective later. Chronic use of colchicinerarely
can cause myopathy, neuropathy, and bone marrow
suppression.4” However, due to the gastrointestinal tox-
icity of hourly colchicine regimens, NSAIDs have gen-
erally replaced colchicine for acute gout. Currently,
colchicine is used at lower doses during acute gout,
preferably at 3 mg on the first day, with lower doses
thereafter.

NSAIDs, including COX-2 inhibitors, are generally
thought to be the treatments of choice for acute gout in
patients with normal kidneys and may be used for pro-
phylaxis as well. Although indomethacin has histori-
cally been the NSAID of choice, severa studies have
shown no significant difference among NSAIDs, and

the choice of agent should be based on factors such as
side-effect profile, cost, and adherence.“¢51 NSAIDs
should be given at high dosesinitially but should not be
used in patients with acute or chronic renal failure,
bleeding, peptic ulcer disease, congestive heart failure,
melena or hematochezia, or in those on anticoagul ation
or with thrombocytopenia. Selective COX-2 inhibitors
provide a greater margin of safety than other NSAIDs
in patients receiving anticoagulation therapy.

Glucocorticoids (steroids) are generaly the treat-
ments of choice for acute gout when colchicine or
NSAIDs cannot be used, as in the setting of renal
insufficiency. Administration may be intra-articular,
oral, or intramuscular. Intra-articular glucocorticoid
injection is preferable if only one or a few joints are
involved or when there is a need to avoid systemic
steroid therapy.

Hyperuricemia

Treatments for chronic gout are aimed at reducing
serum urate levelsto lessthan 6.0 mg/dl in order to dis-
solve existing crystals and prevent formation of new
ones. Agents to achieve this goa include xanthine oxi-
dase inhibitors (allopurinol and febuxostat), uricosuric
drugs (probenecid), and pegylated uricase. Uricosuric
agents should not be given to patients who are overpro-
ducers and overexcretors of uric acid because of the
increased risk of renal stones.

Allopurinol, the established xanthine oxidase
inhibitor, is a purine analog which inhibits conversion
of hypoxanthine to xanthine and uric acid. Allopurinol
is often started at 100 mg orally per day, and the daily
dose is increased in 100 mg increments every 2 to 4
weeks until the target urate level of lessthan 6 mg/dl
is reached. This approach is used in the belief, as yet
unproved, that a gradual reduction of urate levels will
minimizeflares. It is crucial to understand that the ulti-
mate dose is not necessarily 300 mg per day but rather
the amount required to normalize serum urate. Thus,
the appropriate daily dose may be aslittle as 100 mg or
as much as 900 mg. Up to 5% of patients are unable to
tolerate allopurinol due to adverse effects including
rash, nausea, and bone marrow suppression.s2 A rare
but serious side effect of alopurinol is an acute hyper-
sensitivity reaction, which may include fever, toxic
epidermal necrolysis, hepatitis, eosinophilia, and renal
failure.ss

Allopurinol may be used in patients with renal insuf-
ficiency by starting at a dose of 50 mg per day and
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increasing in increments of 50 mg every month until
the same target urate level of <6 mg/dl is reached.
Doses >300 mg per day can be given if necessary. Inan
important pharmacokinetic study, Hande et al.>* found
that plasma levels of oxipurinol (the effective metabo-
lite of alopurinol) are inversely proportiona to the
GFR. This means that patients with renal insufficiency
generally require lower doses to attain adequate inhibi-
tion of xanthine oxidase. Each patient’s dose, however,
should still be that amount required to control that
patient’s serum urate level. Arbitrary GFR-based dose
reductions often lead to inadequate control and have
not been found to reduce hypersensitivity problems.s556

Mild rashes are common, and a desensitization pro-
tocol may permit resumption of allopurinol .5’ If severe
rash occurs, however, alopurinol should be discontin-
ued. In a study by Hung et al.® 100% of Han Chinese
patients with severe cutaneous adverse reactions to
alopurinol had HLA-B*5801 allele, while only 20%
of controls without severe cutaneous adverse reactions
had this alele. If this HLA subtype is found to be pre-
dictivein other populations as well, HLA-B*5801 may
represent a useful marker in patients with mild to mod-
erate rash to help determine whether allopurinol must
be permanently discontinued.

Febuxostat is a potent, new, selective xanthine oxi-
dase inhibitor which is in Phase 1l trials for use in
gout.® Its mechanism is quite similar to that of allop-
urinol, but because this agent is not a purine analog, it
may not have cross-reactions in patients with allopuri-
nol hypersensitivity. Additionally, because febuxostat
is primarily metabolized by the liver, it may be a
preferable aternative for patients with rena insuffi-
ciency. In clinical trials, the most frequently encoun-
tered adverse effects of febuxostat were an elevation in
liver enzymes, rash, diarrhea, and headache.
Febuxostat is awaiting FDA approval pending review
of additional safety data.

Probenecid is the only potent uricosuric agent avail-
ableinthe U.S. Its mechanism of action isinhibition of
the URAT1 transporter involved in the reabsorption of
uric acid. Probenecid is most useful in patients with
mild gout and normal rena function. Probenecid is
ineffective in patients with renal insufficiency and is
contraindicated in patients with rena stones of any
kind. The drug is given twice daily at breakfast and
dinner, not at bedtime, in order to ensure that peaks of
uricosuria coincide with peaks in urine pH and flow,
thus lessening the risk of urinary stones.

Uricase, an enzyme that oxidizes urate to highly sol-
uble allantoin, is present in al mammals other than the
great apes and humans. These species therefore have
urate levels higher than those of other mammals and
are vulnerable to gout. Rasburicase, a recombinant uri-
case derived from Aspergillus flavus, is available for
human use. However, this expensive protein is
immunogenic and carries a significant risk of anaphy-
laxis. For this reason, its preferred usage is as a brief
single course aimed at reducing the acute urate burden
from purine release in the tumor lysis syndrome. To
reduce the problem of immunogenicity and to extend
the biological half-life of the enzyme, polyethylene
glycol groups have been added to porcine uricase to
create PEG-uricase.®6! PEG-uricase has shown signif-
icant promise and is currently in Phase Il trials for
refractory or tophaceous gout.

Prophylaxis Against Gouty Flares
All agents that control hyperuricemia convey an
increased risk of gouty flares as existing deposits of
urate crystals are mobilized and dissolved. Apparently,
the dissolving crystalslose the protein coating that keeps
them relatively inert, and the risk of flares persists until
even the smallest microdeposits have been cleared.
Colchicine, the usual choice for prevention of acute
gouty flares, was studied in a controlled trial of allop-
urinol-treated patients by Borstad et al.®2 Acute flares
occurred in 14% of patients in the colchicine group
versus 63% in the placebo group. Comparable efficacy
was shown by Becker and colleagues in the FACT
trial.® These investigators found a marked increase in
flares when colchicine was stopped (by protocol) after
the first eight weeks of therapy in both the allopurinol -
and the febuxostat-treated groups. Therefore, we rou-
tinely employ colchicine 0.6 mg to 1.2 mg per day until
all likelihood of persisting depositsis gone (usually six
months or more). In cases of rena or hepatic in-
sufficiency, the risk of toxicity, especially myoneu-
ropathy, is increased, and the drug must be used with
caution. When daily NSAIDs are needed for concomi-
tant osteoarthritis, additional colchicine is usualy
unnecessary.

Compliance Issues

Compliance with chronic therapy of gout has general-
ly been poor, possibly because acute gouty arthritis is
self-limiting without risk for mortality, and the pro-
gressive potential of the disease is unrecognized by
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either the patient or the physician. During the chronic
phase, urate-lowering therapy offers no immediate
symptomatic benefit. Tophus mobilization may take
months to years to achieve, and initia treatment may
cause flares. In arecent study by Serawate et al.,3 the
median length of therapy with allopurinol was only
three months out of a one-year period, 83% of patients
did not have serum urate levels measured within 180
days, and patients with gout flares were less likely to
be compliant with allopurinol. Methods to improve
compliance include an explanation of the role of urate
reduction therapy in achieving control, an understand-
ing that urate reduction therapy may lead to an initial
increase in flares but that these will subside and ulti-
mately cease over time, prophylactic therapy with
colchicine or NSAIDs to decrease the likelihood of
flare, and a contingency plan for breakthroughs that
occur despite ongoing prophylaxis.
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