
When the blood level of urate, the
end-product of purine metabolism,
reaches its physiologic limit of sol-

ubility, it may crystallize into monosodium
urate (MSU) in the tissues and cause gout.
Gout affects at least 1% of the population in
Western countries and is the most common
inflammatory joint disease in men older
than 40 years of age.1,2

The clinical spectrum ranges from the
classic presentation of episodic, acute
inflammation of the first metatarsopha-
langeal joint (ie, podagra) to tophaceous
gout, chronic polyarticular arthritis, urate
nephrolithiasis, and interstitial nephropa-
thy. Historically a disease of affluent, mid-
dle-aged or older men with overindulgent
lifestyles, gout has now become more “dem-
ocratic” by affecting more women and a
wider range of socioeconomic groups.

The worldwide incidence and prevalence
of gout appear to be increasing for a variety
of reasons, including iatrogenic ones. New
dietary data confirm the long-held associa-

tion of gout with high meat or alcohol
intake, but not with high-purine vegetables.
Hyperuricemia, the predisposing condition
for gout, is intricately linked with the meta-
bolic syndrome (hypertension, glucose
intolerance, dyslipidemia, truncal obesity,
increased risk of cardiovascular disease),
and there is mounting evidence that hyper-
uricemia itself may be an independent risk
factor for cardiovascular disease. Un-
fortunately, gout is frequently mismanaged,
resulting in unnecessary morbidity and
even mortality.

Risk Factors for Hyperuricemia and Gout

Hyperuricemia, usually defined as a
serum urate (SU) level >7 mg/dL, may be
present in up to 18% of some populations.3

Hyperuricemia can be caused by overpro-
duction of urate, or, far more commonly, by
inefficient excretion by the kidneys.
Diseases associated with overproduction
include acquired conditions of high cellular
turnover (eg, myeloproliferative disorders,
some lymphomas, and exfoliative psoriasis),
genetic errors (eg, deficient hypoxanthine-
guanine phosphoribosyl transferase), and
the rare, but potentially catastrophic, tumor
lysis syndrome. Together, these account for
<10% of cases of hyperuricemia in the gen-
eral population. Inefficient excretion of uric
acid, which accounts for >90% of cases, can
be the result of renal insufficiency of any
cause, or medications that impair renal
urate clearance. SU levels may also increase
with aging and weight gain.4-6 At least two
thirds of patients with hyperuricemia can
be expected to remain asymptomatic, and
current evidence does not support treating
asymptomatic hyperuricemia.7-11

Widely used medications that can cause
hyperuricemia by decreasing renal urate
excretion are thiazides or loop diuretics and
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Abstract
Gout is an increasingly common medical prob-

lem. The traditional risk factors of male sex and
high red meat or alcohol consumption have been
joined by a wave of newer risk factors, such as
increased longevity, the metabolic syndrome
(hypertension, diabetes, dyslipidemia, truncal obesi-
ty, increased cardiovascular disease risk), use of
diuretics, low-dose aspirin, or cyclosporine, and
end-stage renal disease. Atypical presentations of
gout in the elderly can mimic osteoarthritis and
rheumatoid arthritis. There is a resurgence of inter-
est in hyperuricemia as an independent and poten-
tially modifiable cardiovascular risk factor. The
pharmacologic management of gout in general
practice suffers from a number of quality-control
issues. This article reviews these and other new epi-
demiologic data on this ancient disease.
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low-dose aspirin. Other offending medica-
tions include cyclosporine A, antitubercu-
lous antibiotics (pyrazinamide and etham-
butol), niacin, and didanosine.12 Approxi-
mately 80% of transplant patients receiving
cyclosporine have hyperuricemia, which is
often marked (>12 mg/dL). Gout develops
in >10% of patients within a few years of
transplant and is characteristically severe
and polyarticular.13-15 Cyclosporine probably
induces hyperuricemia via multiple mecha-
nisms, including decreasing renal tubular
excretion of urate, declining glomerular fil-
tration rate, and drug-induced interstitial
nephropathy.

Dietary factors that contribute to hyper-
uricemia include high alcohol intake (which
increases purine production and decreases
urate excretion) and consumption of purine-
rich foods, such as red meat or seafood.16,17

Fructose is a widely prevalent dietary con-
stituent of special interest. Although it is
not a purine, it causes hyperuricemia by
accelerating the catabolism of adenine
nucleotides. A recent study found that
ingestion of 5 apples caused a 35% increase
in the SU level within 6 hours after con-
sumption.18

Hyperuricemia is also closely allied with
the metabolic syndrome and its individual
components, an association that seems to
be independent of potential confounders,
such as diuretic use and renal insufficien-
cy.19-24 Hypertension, diuretic use, high
alcohol intake, and obesity contribute to
the risk of developing gout in an additive
manner.7,25,26

Multiple genes regulate SU levels.
Hyperuricemia and gout are particularly
common in Filipinos, Samoans, Maori, and
other South Pacific Islanders, probably
because of the combination of a high
seafood diet and poorly defined genetic dif-
ferences in the excretion of uric acid.27

Filipinos who emigrate to North America
experience a rise in SU levels and further
increase their risk of gout, likely owing in
part to the shift to a Western diet.28 African
Americans have more hyperuricemia and
gout than European Americans, probably
reflecting their higher rates of hypertension,
obesity, and end-stage renal disease.29

Men have a greater risk of developing

gout than women in all age groups,
although the sex ratio tends to equalize
with advancing age. In the National Health
and Nutrition Examination Survey III, the
overall men:women ratio ranged between
7:1 and 9:1.30 In a managed care population
in the United States, the sex ratio among
patients with gout was 4:1 in those younger
than 65 years, and 3:1 in those older than
65 years.31 Fifty percent of patients older
than 60 years with newly diagnosed gout
are women, and the proportion may exceed
50% in those older than 80 years.4,32 Young
children of both sexes have equally low
urate levels, but among adults, men have
higher SU levels than women. It seems
obvious that this difference is of endocrine
origin, but the precise mechanism has not
been established. After menopause,
women’s SU values rise to levels compara-
ble with those of men of the same age,
although hormone replacement therapy
may attenuate this rise. Postmenopausal
women, especially those receiving diuret-
ics, may develop gouty arthritis and tophi
in the Heberden’s and Bouchard’s nodes of
their osteoarthritic hands.33 Elderly pa-
tients with unrecognized gout may progress
insidiously to a symmetric, polyarticular,
inflammatory disease that mimics rheuma-
toid arthritis, complete with “nodules” that
are actually tophi.

The risk of developing gout is directly
related to the degree of hyperuricemia. In a
prospective study, the annual incidence of
gout (ie, the proportion of new gout cases
diagnosed per year in an at-risk population)
was 0.1% in men whose SU levels were <7
mg/dL, 0.5% for levels between 7.0 and 8.9
mg/dL, and 4.9% for levels >9.0 mg/dL.7 In
another study, the 5-year prevalence of gout
(ie, the proportion of patients with gout in a
given population over the specified period
of time) was 0.6% in patients with urate lev-
els <7 mg/dL, but 30% in patients with levels
>10 mg/dL.32

A lengthy period of asymptomatic hyper-
uricemia often precedes the first attack of
gouty arthritis, and an even longer period
may be required for tophi to form. After
their first attack, however, most untreated
patients will experience a second episode
within 2 years.34
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The Changing Prevalence and Incidence of
Gout

Comparing epidemiologic studies of gout
is complicated by the lack of a standard
case definition for gout (eg, self-reported vs
physician-diagnosed), varying methods of
calculating prevalence and incidence, and
the different populations studied. For exam-
ple, relying on self-reports likely overesti-
mates the true prevalence and incidence.
The American College of Rheumatology
(ACR) Classification Criteria for gout have
not been well-validated in different popula-
tions, and confirming the diagnosis by
arthrocentesis to demonstrate the presence
of MSU crystals in synovial fluid or tophi is
not practical at the population level.35

Nevertheless, a recent review of studies
from Western countries suggests that both
the prevalence and incidence of gout have
been increasing over the past 4 decades.36

The Table summarizes these incidence and
prevalence studies. Two studies in the
United Kingdom, one in the 1970s and the
other in 1993, showed that overall gout prev-
alence increased from 0.26% to 0.95%.37,38 In
a US managed care population, the preva-
lence of gout in a population aged older
than 75 years (ascertained by pharmacy
claims for gout medications) doubled from
2.1% to 4.1% between 1990 and 1999.30 In
the National Health Interview Survey, the
overall prevalence of self-reported gout rose
from 0.5% in 1969 to 0.9% in 1996.39,40 In
New Zealand, the gout prevalence in Maori
men rose from 4.5% in 1956 to 13.9% in
1992, and from 0.7% to 5.8% in European
men.41 The prevalence may also be increas-
ing in developing countries in the Far
East.42,43

Unlike prevalence, determining inci-
dence requires long-term, prospective
cohort studies, so few incidence data are
available. In the United Kingdom, the
General Practitioner Research Database
yielded a gout incidence of about 14 per
10 000 person-years in 1990-1999, which
remained relatively stable over that period.44

By comparison, male veterans in the United
States had a higher overall incidence of 28
per 10 000 patient-years between 1963 and
1978, probably reflecting the greater age,
and higher prevalence of metabolic syn-

drome, diuretic use, renal insufficiency, and
other risk factors in that population.7 The
Rochester Epidemiology Project database
showed that the age- and sex-adjusted inci-
dence of acute gout (diagnosed by ACR
Classification Criteria) increased from 4.5
to 6.2 per 10 000 person-years during the
10-year interval from 1977-1978 to 1986-
1987, whereas the incidence of primary
gout (ie, gout developing in patients not tak-
ing diuretics) more than doubled from 2.0
to 4.6 per 10 000 person-years during that
period.45 In this cohort, there was no
increase in the incidence of metabolic syn-
drome or diuretic-related gout; therefore,
the increase in the incidence of primary
gout was attributed in part to greater physi-
cian recognition of atypical cases.

A number of factors have been proposed
to explain the increasing prevalence of gout
in the United States. This increase may be
a result of increased longevity, because
prevalence is a function of both disease
incidence and disease duration. Other con-
tributing factors may be the increased
prevalence of hypertension and metabolic
syndrome, increased use of diuretics and
low-dose aspirin, dietary trends, change in
demographics (eg, increased African
American and Hispanic populations, in
which the metabolic syndrome is more
common), increased prevalence of end-
stage renal disease, and increases in organ
transplantation.36

Gout, the Metabolic Syndrome, and
Cardiovascular Risk

Up to 76% of patients with gout have the
metabolic syndrome.46,47 Hyperuricemia is
related to the individual components of the
metabolic syndrome in complex ways.
Hypertension itself can induce hyper-
uricemia, possibly because the decreased
renal blood flow increases urate reabsorp-
tion.48 Conversely, experimentally induced
hyperuricemia (>~2 mg/dL) in rats causes
hypertension and vascular injury, which
can then be reversed by lowering urate lev-
els with the xanthine oxidase inhibitor
allopurinol.49 Hyperuricemia in childhood
was found to be associated with hyperten-
sion that persists into adulthood.50 Accord-
ing to one theory, the loss of uricase (which
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breaks down uric acid) during the evolution
of African hominids may have conserved
sodium and increased blood pressure in
response to an upright posture.51 Alterna-
tively, urate, an effective antioxidant, may
have been retained to replace the antioxi-
dant properties of vitamin C, which
hominids lost the ability to synthesize at
about the same time.52

Hyperuricemia is probably associated
with glucose intolerance via multiple mech-
anisms, but the central one may be the
enhancing effect of insulin resistance on
renal urate absorption.47 Increased body
mass index is also directly correlated with
hyperuricemia, and leptin may be a contrib-
utory factor.53 Higher adiposity and weight
gain are strong risk factors for gout, whereas
weight loss is protective.5,6,54 Dyslipidemia
may induce hyperuricemia through its neg-
ative effect on renal function.55

Hyperuricemia has long been suspected to
be a cardiovascular risk factor. Although the
Framingham Heart Study found no inde-
pendent association between hyperuricemia
and increased risk of coronary artery dis-
ease, several subsequent studies have found

one.56-59 A recent review concluded that SU is
a moderate, independent cardiovascular risk
factor, and appears to be a stronger risk fac-
tor in individuals already at high risk for car-
diovascular disease than in healthy individu-
als. The authors therefore proposed a trial of
urate-lowering therapy in high-risk patients
to determine whether this improves cardio-
vascular outcomes.60 Hyperuricemia was a
poor prognostic factor in patients with con-
gestive heart failure, and allopurinol treat-
ment may improve outcomes.61,62 In a clinical
trial, the angiotensin receptor blocker losar-
tan (which has uricosuric properties) was
shown to improve cardiovascular outcomes,
and it was estimated that 29% of the treat-
ment effect was because of lowering SU.63

Despite all these data, it is still not complete-
ly clear if there is an independent association
between hyperuricemia and cardiovascular
risk in adults, or if hyperuricemia is merely a
marker for those at risk.

Gout and Diet: New Insights

Gout and diet were explored in a prospec-
tive study of 47 150 men in the Health
Professionals Follow-up Study between 1986
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Table. Increased Gout in the Overall Adult Population in Western Industrialized Countries Over the Past 4
Decades as Evaluated by Different Survey Approaches

Author/study (ref) Year Population Gout statistics

Currie (Ref 37) 1978 Great Britain Prevalence 2.6/1000 (physician diagnosis)

Harris, et al (Ref 38) 1995 Great Britain Prevalence 9.5/1000 (physician diagnosis)

Klemp, et al (Ref 41) 1956-1966 New Zealand Prevalence 7-20/1000
(in Caucasians, ACR criteria)

1992 New Zealand Prevalence 58/1000

National Arthritis

Data Workgroup (Ref 39) 1969 US Prevalence 5/1000 (self-report)

National Health

Interview Survey (Ref 40) 1996 US Prevalence 9.4/1000 (self-report)

Wallace, et al (Ref 31) 1990 US Prevalence 2.1/1000 (age >75 years, drug codes)

1999 US Prevalence 4.1/1000 (age >75 years)

Mikuls, et al (Ref 44) 1990-1999 Great Britain Incidence 14/10 000 patient-years
(physician diagnosis, drug codes)

Campion, et al (Ref 7) 1963-1978 US veterans Incidence 14/10 000 patient-years
(physician diagnosis, drug codes)

Arromdee, et al (Ref 45) 1977-1978 US (Rochester, MN) Incidence 4.5/10 000 patient-years (ACR criteria)
1995-1996 US (Rochester, MN) Incidence 6.2/10 000 patient-years

ACR indicates American College of Rheumatology.

Adapted from Reference 36.



and 1998.16 The adjusted risk of gout was
approximately 40% to 50% greater in those
with a diet highest in red meat or seafood
compared with those with the diet lowest in
these foods (Figure 1). Despite popular
belief, the risk of gout was not correlated
with consumption of purine-rich vegetables
nor total protein intake. Interestingly, high
consumption of low-fat dairy products was
associated with decreased gout risk, possibly
because casein and other milk proteins have
uricosuric properties. However, it is thought
that reducing dietary purines in patients
with gout leads to only modest reductions in
serum uric acid levels.64 Alcohol consump-
tion increases gout risk in dose-dependent
fashion. Beer increases the risk more than
liquor (possibly because beer has a higher
purine content), whereas wine does not
increase risk (Figure 2).17 Similar associa-
tions between hyperuricemia and diet
were found in the Third National Health
and Nutritional Examination Survey
(NHANES).65,66

Problems With Gout Treatment

Pharmacologic treatment of hyperuri-
cemia with urate-lowering drugs has led to a
dramatic reduction in long-term gouty arthri-
tis and tophaceous gout.67 However, gout is
often mismanaged by both physicians and
patients alike. Fewer than 10% of patients
with gout are referred to rheumatologists,
who may have more experience with manag-
ing this disease than primary care physi-
cians.68 Adherence to gout medications, such
as allopurinol, is spotty at best, possibly
because patients are not adequately taught
how to take them. (For example, allopurinol
should not be taken intermittently.)69

In up to 50% of patients, allopurinol is
prescribed for asymptomatic hyperuricemia
instead of an approved indication (eg, fre-
quent and debilitating gout attacks, tophi,
chronic erosive arthritis, urate nephrolithia-
sis). The drug should be used cautiously
and in reduced dosages in patients with
impaired renal function.70 More than 50% of
cases of allopurinol hypersensitivity syn-
drome (eg, rash, fever, eosinophilia, hepati-
tis, renal failure) had been inappropriately
treated for asymptomatic hyperuricemia in
one study.71

Medication errors are often observed in
the setting of associated comorbid illnesses
and polypharmacy.72 Hospitalized patients
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Figure 1. Associations of purine-rich food groups with gout,
from the Health Professionals Follow-up Study (HPFS)
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Figure 2. Associations of alcoholic beverages with gout, from
the Health Professionals Follow-up Study (HPFS)
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with acute gout are often treated with
colchicine or nonsteroidal anti-inflammato-
ry drugs, even in the setting of renal failure,
which greatly increases the toxicity of these
drugs.73 Quality-control indicators have
recently been developed, which pertain to
the use of urate-lowering medications and
anti-inflammatory drugs in patients with
gout.74

Conclusion

The apparent rise in the prevalence and
incidence of gout over the past several
decades may be caused by growing popula-
tions with risk factors for this disease, such
as advanced age, high intake of purine-rich
animal protein, metabolic syndrome, diuret-
ic use, organ transplant, and end-stage renal
disease. Polyarticular gout can mimic
osteoarthritis (especially in elderly women)
or rheumatoid arthritis. Hyperuricemia may
be an independent cardiovascular risk fac-
tor, but treating asymptomatic hyper-
uricemia cannot be recommended until
clinical trials demonstrate that lowering
serum uric acid reduces cardiovascular risk.
Physicians and patients should be taught
how to manage gout properly to minimize
the adverse effects of medications.

REFERENCES

1. Terkeltaub RA. Clinical practice. Gout. N Engl J Med.
2003;349:1647-1655.
2. Saag KG, Mikuls TR. Recent advances in the epidemi-
ology of gout. Curr Rheumatol Rep. 2005;7:235-241.
3. Mikuls TR, Farrar JT, Bilker WB, et al. The treatment
of asymptomatic hyperuricemia: results from the popula-
tion-based general practice research database (GPRD).
Arthritis Rheum. 2003;48(suppl 9):S612.
4. Rott KT, Agudelo CA. Gout. JAMA. 2003;289:2857-
2860.
5. Meigs JB, Wilson PW, Nathan DM, D’Agostino RB
Sr, Williams K, Haffner SM. Prevalence and characteris-
tics of the metabolic syndrome in the San Antonio Heart
and Framingham Offspring Studies. Diabetes. 2003;52:
2160-2167.
6. Ford ES, Giles WH, Dietz WH. Prevalence of the
metabolic syndrome among US adults: findings from the
Third National Health and Nutrition Examination Survey.
JAMA. 2002;287:356-359.
7. Campion EW, Glynn RJ, DeLabry LO. Asymptomatic
hyperuricemia. Risks and consequences in the Normative
Aging Study. Am J Med. 1987;82:421-426.
8. Langford HG, Blaufox MD, Borhani NO, et al. Is thi-
azide-produced uric acid elevation harmful? Analysis of

data from the Hypertension Detection and Follow-up
Program. Arch Intern Med. 1987;147:645-649.
9. Hall AP, Barry PE, Dawber TR, McNamara PM.
Epidemiology of gout and hyperuricemia. A long-term
population study. Am J Med. 1967;42:27-37.
10. Fessel WJ. Renal outcomes of gout and hyper-
uricemia. Am J Med. 1979;67:74-82.
11. Johnson RJ, Feig DI, Herrera-Acosta J, Kang DH.
Resurrection of uric acid as a causal risk factor in essen-
tial hypertension. Hypertension. 2005;45:18-20.
12. Gonzalez EB, Miller SB, Agudelo CA. Optimal man-
agement of gout in older patients. Drugs Aging. 1994;4:
128-134.
13. Clive DM. Renal transplant-associated hyperuricemia
and gout. J Am Soc Nephrol. 2000;11:974-979.
14. Lin HY, Rocher LL, McQuillan MA, Schmaltz S,
Palella TD, Fox IH. Cyclosporine-induced hyperuricemia
and gout. N Engl J Med. 1989;321:287-292.
15. Burack DA, Griffith BP, Thompson ME, Kahl LE.
Hyperuricemia and gout among heart transplant recipi-
ents receiving cyclosporine. Am J Med. 1992;92:141-146.
16. Choi HK, Atkinson K, Karlson EW, Willett W,
Curhan G. Purine-rich foods, dairy and protein intake,
and the risk of gout in men. N Engl J Med. 2004;350:
1093-1103.
17. Choi HK, Atkinson K, Karlson EW, Willett W,
Curhan G. Alcohol intake and risk of incident gout in
men: a prospective study. Lancet. 2004;363:1277-1281.
18. Lotito SB, Frei B. The increase in human plasma
antioxidant capacity after apple consumption is due to
the metabolic effect of fructose on urate, not apple-
derived antioxidant flavonoids. Free Radic Biol Med.
2004;37:251-258.
19. Nakanishi N, Tatara K, Nakamura K, Suzuki K. Risk
factors for the incidence of hyperuricaemia: a 6-year lon-
gitudinal study of middle-aged Japanese men. Int J
Epidemiol. 1999;28:888-893.
20. Denzer C, Muche R, Mayer H, Heinze E, Debatin
KM, Wabitsch M. Serum uric acid levels in obese chil-
dren and adolescents: linkage to testosterone levels and
pre-metabolic syndrome. J Pediatr Endocrinol Metab.
2003;16:1225-1232.
21. Boyko EJ, de Courten M, Zimmet PZ, Chitson P,
Tuomilehto J, Alberti KG. Features of the metabolic 
syndrome predict higher risk of diabetes and impaired
glucose tolerance: a prospective study in Mauritius.
Diabetes Care. 2000;23:1242-1248.
22. Anker SD, Doehner W, Rauchhaus M, et al. Uric
acid and survival in chronic heart failure: validation and
application in metabolic, functional, and hemodynamic
staging. Circulation. 2003;107:1991-1997.
23. Gavin AR, Struthers AD. Hyperuricemia and adverse
outcomes in cardiovascular disease: potential for therapeu-
tic intervention. Am J Cardiovasc Drugs. 2003;3:309-314.
24. Feig DI, Johnson RJ. Hyperuricemia in childhood
primary hypertension. Hypertension. 2003;42:247-252.
25. Lin KC, Lin HY, Chou P. Community based epidemi-
ological study on hyperuricemia and gout in Kin-Hu,
Kinmen. J Rheumatol. 2000;27:1045-1050.
26. Waller PC, Ramsay LE. Predicting acute gout in
diuretic-treated hypertensive patients. J Hum Hypertens.
1989;3:457-461.
27. Johnson RJ, Rideout BA. Uric acid and diet—insights
into the epidemic of cardiovascular disease. N Engl J
Med. 2004;350:1071-1073.
28. Healey LA. In: Smyth CJ, Holers VM, eds. Gout,

REPORTS

S440 THE AMERICAN JOURNAL OF MANAGED CARE NOVEMBER 2005



Hyperuricemia and Other Crystal-Associated Arth-
ropathies. New York, NY: Marcel Dekker; 1999:121.
29. Hochberg MC, Thomas J, Thomas DJ, Mead L,
Levine DM, Klag MJ. Racial differences in the incidence
of gout. The role of hypertension. Arthritis Rheum.
1995;38:628-632.
30. Kramer HM, Curhan G. The association between
gout and nephrolithiasis: the National Health and
Nutrition Examination Survey III, 1988-1997. Am J
Kidney Dis. 2002;40:37-42.
31. Wallace KL, Riedel AA, Joseph-Ridge N, Wortmann R.
Increasing prevalence of gout and hyperuricemia over 10
years among older adults in a managed care population.
J Rheumatol. 2004;31:1582-1587.
32. Agudelo C, Wise CM. Crystal-associated arthritis.
Clin Geriatr Med. 1998;14:495-513.
33. Simkin PA, Campbell PM, Larson EB. Gout in
Heberden’s nodes. Arthritis Rheum. 1983;26:94-97.
34. Gutman AB. The past four decades of progress in the
knowledge of gout, with an assessment of the present sta-
tus. Arthritis Rheum. 1973;16:431-445.
35. O’Sullivan JB. Gout in a New England town. A
prevalence study in Sudbury, Massachusetts. Ann Rheum
Dis. 1972;31:166-169.
36. Bieber JD, Terkeltaub RA. Gout: on the brink of
novel therapeutic options for an ancient disease. Arthritis
Rheum. 2004;50:2400-2414.
37. Currie WJ. Prevalence and incidence of the diagno-
sis of gout in Great Britain. Ann Rheum Dis. 1979;38:
101-106.
38. Harris CM, Lloyd DC, Lewis J. The prevalence and
prophylaxis of gout in England. J Clin Epidemiol. 1995;
48:1153-1158.
39. Lawrence RC, Helmick CG, Arnett FC, et al.
Estimates of the prevalence of arthritis and selected mus-
culoskeletal disorders in the United States. Arthritis
Rheum. 1998;41:778-799.
40. Adams PF, Hendershot GE, Marano MA. Current
estimates from the National Health Interview Survey,
1996. National Center for Health Statistics. Vital Health
Statistics 10 (200). 1999. Available at: http://www.cdc.
gov/nchs/data/series/sr_10/sr10_200.pdf. Accessed
October 15, 2005.
41. Klemp P, Stansfield SA, Castle B, Robertson MD.
Gout is on the increase in New Zealand. Ann Rheum
Dis. 1997;56:22-26.
42. Zeng Q, Wang Q, Chen R, Xiao Z, Huang S, Xu J.
Primary gout in Shantou: a clinical and epidemiological
study. Chin Med J (Engl). 2003;116:66-69.
43. Chen SY, Chen CL, Shen ML, Kamatani N. Trends in
the manifestations of gout in Taiwan. Rheumatology
(Oxford). 2003;42:1529-1533.
44. Mikuls TR, Farrar JT, Bilker WB, Fernandes S,
Schumacher HR Jr, Saag KG. Gout epidemiology: results
from the UK General Practice Research Database, 1990-
1999. Ann Rheum Dis. 2005;64:267-272.
45. Arromdee E, Michet CJ, Crowson CS, O’Fallon WM,
Gabriel SE. Epidemiology of gout: is the incidence rising?
J Rheumatol. 2002;29:2403-2406.
46. Fam AG. Gout, diet, and the insulin resistance syn-
drome. J Rheumatol. 2002;29:1350-1355.
47. Dessein PH, Shipton EA, Stanwix AE, Joffe BI,
Ramokgadi J. Beneficial effects of weight loss associated
with moderate calorie/carbohydrate restriction, and
increased proportional intake of protein and unsaturated
fat on serum urate and lipoprotein levels in gout: a pilot
study. Ann Rheum Dis. 2000;59:539-543.

48. Johnson RJ, Kang DH, Feig D, et al. Is there a patho-
genetic role for uric acid in hypertension and cardiovas-
cular and renal disease? Hypertension. 2003;41:1183-
1190.
49. Mazzali M, Hughes J, Kim YG, et al. Elevated uric
acid increases blood pressure in the rat by a novel crys-
tal-independent mechanism. Hypertension. 2001;38:
1101-1106.
50. Alper AB Jr, Chen W, Yau L, Srinivasan SR,
Berenson GS, Hamm LL. Childhood uric acid predicts
adult blood pressure: the Bogalusa Heart Study.
Hypertension. 2005;45:34-38.
51. Johnson RJ, Titte S, Cade JR, Rideout BA, Oliver
WJ. Uric acid, evolution, and primitive cultures. Semin
Nephrol. 2005;25:3-8.
52. Waring WS, Webb DJ, Maxwell SR. Systemic uric
acid administration increases serum antioxidant capacity
in healthy volunteers. J Cardiovasc Pharmacol. 2001;
38:365-371.
53. Bedir A, Topbas M, Tanyeri F, Alvur M, Arik N.
Leptin might be a regulator of serum uric acid concentra-
tions in humans. Jpn Heart J. 2003;44:527-536.
54. Choi HK, Atkinson K, Karlson EW, Curhan G.
Obesity, weight change, hypertension, diuretic use, and
risk of gout in men: the Health Professionals Follow-up
Study. Arch Intern Med. 2005;165:742-748.
55. Manttari M, Tiula E, Alikoski T. Manninen V. Effects
of hypertension and dyslipidemia on the decline in renal
function. Hypertension. 1995;26:670-675.
56. Culleton BF, Larson MG, Kannel WB, Levy D.
Serum uric acid and risk for cardiovascular disease and
death: the Framingham Heart Study. Ann Intern Med.
1999;131:7-13.
57. Fang J, Alderman M. Serum uric acid and cardiovas-
cular mortality the NHANES I epidemiologic follow-up
study, 1971-1993. National Health and Nutrition
Examination Survey. JAMA. 2000;283:2404-2410.
58. Bickel C, Rupprecht HJ, Blankenberg S, et al. Serum
uric acid as an independent predictor of mortality in
patients with angiographically proven coronary artery
disease. Am J Cardiol. 2002;89:12-17.
59. Niskanen LK, Laaksonen DE, Nyyssonen K, et al.
Uric acid level as a risk factor for cardiovascular and all-
cause mortality in middle-aged men: a prospective
cohort study. Arch Intern Med. 2004;164:1546-1551.
60. Baker JF, Krishnan E, Chen L, Schumacher HR.
Serum uric acid and cardiovascular disease: recent
developments, and where do they leave us? Am J Med.
2005;118:816-826.
61. Anker SD, Doehner W, Rauchhaus M, et al. Uric
acid and survival in chronic heart failure: validation and
application in metabolic, functional, and hemodynamic
staging. Circulation. 2003;107:1991-1997.
62. Doehner W, Schoene N, Rauchhaus M, et al. Effects
of xanthine oxidase inhibition with allopurinol on
endothelial function and peripheral blood flow in hyper-
uricemic patients with chronic heart failure: results from
2 placebo-controlled studies. Circulation. 2002;105:
2619-2624.
63. Hoieggen A, Alderman MH, Kjeldsen SE, et al. The
impact of serum uric acid on cardiovascular outcomes in
the LIFE study. Kidney Int. 2004;65:1041-1049.
64. Saag KG, Mikuls TR. Recent advances in the epidemi-
ology of gout. Curr Rheumatol Rep. 2005;7:235-241.
65. Choi HK, Liu S, Curhan G. Intake of purine-rich
foods, protein, and dairy products and relationship to
serum levels of uric acid: the Third National Health and

Epidemiology of Hyperuricemia and Gout

VOL. 11, NO. 15, SUP. THE AMERICAN JOURNAL OF MANAGED CARE S441



Nutrition Examination Survey. Arthritis Rheum. 2005;
52:283-289.
66. Choi HK, Curhan G. Beer, liquor, and wine con-
sumption and serum uric acid level: the Third National
Health and Nutrition Examination Survey. Arthritis
Rheum. 2004;51:1023-1029.
67. O’Duffy JD, Hunder GG, Kelly PJ. Decreasing
prevalence of tophaceous gout. Mayo Clin Proc.
1975;50:227-228.
68. Pal B, Foxall M, Dysart T, Carey F, Whittaker M.
How is gout managed in primary care? A review of cur-
rent practice and proposed guidelines. Clin Rheumatol.
2000;19:21-25.
69. Wallace KL, Riedel AA, Joseph-Ridge N, et al.
Compliance with allopurinol therapy among managed
care enrollees with gout: a retrospective analysis of
administrative claims. Arthritis Rheum. 2003;48:S611.
70. Mikuls TR, Saag KG. Gout treatment: what is evi-

dence-based and how do we determine and promote
optimized clinical care? Curr Rheumatol Rep.
2005;7:242-249.
71. Hande KR, Noone RM, Stone WJ. Severe allopurinol
toxicity. Description and guidelines for prevention in
patients wtih renal insufficiency. Am J Med. 1984;76:47-56.
72. Mikuls TR, Farrar JT, Bilker WB, Fernandes S, Saag
KG. Suboptimal physician adherence to quality indica-
tors for the management of gout and asymptomatic 
hyperuricaemia: results from the UK General Practice
Research Database (GPRD). Rheumatology (Oxford).
2005;44:1038-1042.
73. Petersel D, O’Neill K, Schlesinger N. Treatment of
acute gout in hospitalized patients. Arthritis Rheum.
2005;52:S107.
74. Mikuls TR, MacLean CH, Olivieri J, et al. Quality of
care indicators for gout management. Arthritis Rheum.
2004;50:937-943.

REPORTS

S442 THE AMERICAN JOURNAL OF MANAGED CARE NOVEMBER 2005




