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Abstract

Purpose of review The complexity of gout continues to un-
ravel with each new investigation. Gout sits at the intersection
of multiple intrinsically complex processes, and its preva-
lence, impact on healthcare costs, and association with impor-
tant co-morbidities make it increasingly relevant. The associ-
ation between gout and type 2 diabetes, hypertension, hyper-
lipidemia, cardiovascular disease, renal disease, and obesity
suggest that either gout, or its necessary precursor hyperurice-
mia, may play an important role in the manifestations of the
metabolic syndrome. In this review, we analyze the complex
interconnections between gout and metabolic syndrome, by
reviewing gout’s physiologic and epidemiologic relationships
with its major co-morbidities.

Recent findings Increasing evidence supports gout’s associa-
tion with metabolic syndrome. More specifically, both human
studies and animal models suggest that hyperuricemia may
play a role in promoting inflammation, hypertension and
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cardiovascular disease, adipogenesis and lipogenesis, insulin
and glucose dysregulation, and liver disease. Fructose inges-
tion is associated with increased rates of hypertension, weight
gain, impaired glucose tolerance, and dyslipidemia and is a
key driver of urate biosynthesis. AMP kinase (AMPK) is a
central regulator of processes that tend to mitigate against the
metabolic syndrome. Within hepatocytes, leukocytes, and oth-
er cells, a fructose/urate metabolic loop drives key inhibitors
of AMPK, including AMP deaminase and fructokinase, that
may tilt the balance toward metabolic syndrome progression.
Preliminary evidence suggests that agents that block the intra-
cellular synthesis of urate may restore AMPK activity and
help maintain metabolic homeostasis.

Summary Gout is both an inflammatory and a metabolic dis-
ease. With further investigation of urate’s role, the possibility
of proper gout management additionally mitigating metabolic
syndrome is an evolving and important question.

Keywords Gout - Metabolic syndrome - Uric acid -
Diabetes - Fructose - Hypertension

Introduction

Despite its ancient provenance, the complexity of gout con-
tinues to unravel under ongoing investigation. Gout represents
the intersection of multiple intrinsically complex processes:
hyperuricemia, urate crystallization, the inflammatory re-
sponse to this crystallized urate, and the metabolic effects
generated by these processes. Beyond acute arthritis, and the
tissue deposition of urate, gout is increasingly recognized as a
population health problem, based on its increasing incidence
and prevalence, impact on healthcare costs, association with
co-morbidities, and even impact on mortality.
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Over the past several decades, gout’s prevalence has risen
in parallel with such current epidemics as type 2 diabetes,
hypertension, hyperlipidemia, cardiovascular disease, renal
disease, and obesity—each of which is also a component or
consequence of the metabolic syndrome. Thus, although gout
does not comprise a diagnostic criterion for metabolic syn-
drome, it is at least a “fellow traveler,” and potentially an
unrecognized element.

Here, we review the complex interconnections between
gout and metabolic syndrome. We summarize the known facts
about gout’s relationship with five major components and/or
consequences of metabolic syndrome: hypertension, cardio-
vascular disease, insulin resistance and diabetes, obesity, and
hyperlipidemia/hypertriglyceridemia. Furthermore, we raise
the question of whether hyperuricemia and gout arise second-
ary to the processes of metabolic syndrome, or whether hy-
peruricemia and/or gout themselves promote a set of cellular
processes that predispose afflicted patients to the development
of the components of metabolic disease. Finally, we consider
the possibility that gout management could ameliorate at least
some aspects of metabolic syndrome.

Gout and Metabolic Syndrome: Epidemiologic Clues

Epidemiologic studies indicate that patients with gout experi-
ence a higher prevalence of metabolic syndrome than non-
gout controls [1]. For example, Yoo et al. examined the prev-
alence of metabolic syndrome in gout vs non-gout patients
applying both the Adult Treatment Panel III (ATP III) and
the World Health Organization (WHO) adjusted criteria
(Table 1) for diagnosis of metabolic syndrome [1]. Using ei-
ther set of criteria, gout patients demonstrated a higher fre-
quency of metabolic syndrome than a representative control
group. By the WHO adjusted criteria, almost half of the gout
population studied were found to have metabolic syndrome.
The prevalences of gout and metabolic syndrome have in-
creased steadily and in parallel with each other. The National

Health and Nutrition Examination Surveys (NHANES) of the
Centers for Disease Control provide periodic data on diet and
illness using stable methodologies that permit comparisons
across decades. Using NHANES, Mozumdar and Liguori re-
ported the percent of the population affected by metabolic
syndrome in the first decade of the century to be 34.1%,
representing an increase of 22.2% from the 27.9% prevalence
measured a decade earlier [2]. Similarly, Zhu et al. utilized
NHANES to report that the prevalence of gout and hyperuri-
cemia increased by 44.4 and 17.6%, respectively, across a
similar time frame [3]. These increases, along with similar
increases in several of the individual components of metabolic
syndrome, suggest a complex web of relationships that may
resist single-target treatment approaches.

To the extent that gout and metabolic syndrome are linked,
the question of causality becomes particularly important, since
multiple effective and well-tolerated agents are available to
control gout, whereas no agents are currently available that
target metabolic syndrome as a unitary entity. If proper gout
management were to have a salutary impact on metabolic syn-
drome, it could provide a useful opportunity for intervention.

Hyperuricemia, Gout, and Hypertension

A connection between hyperuricemia, gout, and hypertension
was recognized as early as the mid-1800s, when the British
physician Dr. Frederick Akbar Mahomed affirmed that “people
who are subject to this high blood pressure frequently belong
to gouty families or have themselves suffered from the symp-
toms of the diseases.” [4]. Almost two centuries later, we are
finally coming to understand that increased levels of serum
urate may promote elevated blood pressure, through direct
effects on vascular endothelium and by altering the renal sys-
tem. Population studies extend Dr. Akbar Mahomed’s original
observation from gout in general to hyperuricemia more spe-
cifically. For example, a study reviewing 5564 members of the
Thai military reported a strikingly linear relationship between

Table 1 Metabolic syndrome: comparison of ATP III and WHO classification criteria
ATP III Criteria WHO Ceriteria
Criteria 3 or more of 5 criteria Insulin resistance or diabetes, +2 of 5 additional criteria

Criteria required for diagnosis

Obesity WC >102 cm in men, >88 cm in women
Hyperglycemia Fasting glucose >110 mg/dl
Dyslipidemia Fasting TG >150 mg/dl

Hypertension BP >130/85 mmHg

Other Low HDL-C <40 mg/dl in men and <50

mg/dl in women

Insulin resistance®

Waist/hip ratio > 0.90 in men, >0.85 in females; OR BMI >30 kg/m2
Insulin resistance required for diagnosis

TG >150 mg/dl OR HDL-C < 35 mg/dl in men, <39 mg/dl in women
BP >140/90 mmHg or on pharmacologic treatment

Microalbuminuria

WC waist circumference, BMI body mass index, 7G triglycerides

? Includes impaired glucose tolerance, impaired fasting glucose, type 2 diabetes
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systemic urate concentration and both systolic and diastolic
blood pressure [5].

Blood pressure regulation relies on proper functioning of
the arterial endothelium and vascular smooth muscle. One
critical role for endothelium is the production of nitric oxide,
which in vivo diffuses to the smooth muscle layer to promote
vasodilation. In in vitro studies, Kang et al. exposed cultured
endothelial cells to varying concentrations of urate and mea-
sured their ability to produce nitric oxide. They observed that
urate, in a dose-dependent manner, had the ability to inhibit
endothelial cell nitric oxide production, an effect that was
inhibited when urate uptake was blocked by probenecid [6].
In related studies, the same group employed a thymidine in-
corporation assay to directly test the effect of urate on vascular
smooth muscle proliferation. In a dose-dependent manner,
urate promoted both smooth muscle proliferation and cell mi-
gration [7]. Translated to the in vivo situation, these effects
suggest that urate may promote a vascular state in which
smooth muscle is hypertrophied and lacks the ability to relax.

One methodology used by cardiologists to assess endothe-
lial function in humans is ultrasound assessment of brachial
artery dilation in response to increased blood flow (flow-
mediated dilation, FMD) [8]. A blood pressure cuff is placed
over the forearm and inflated to 50 mmHg above systolic
blood pressure for 5 min. Upon release of the cuff, blood flow
is restored, the endothelium senses shear stress and releases
nitric oxide, and vasodilation occurs. Subsequently, sublin-
gual administration of nitroglycerine bypasses the endotheli-
um to permit direct measurement of the smooth muscle re-
sponse (nitrate-mediated dilation, NMD). In studies thus far
presented only in abstract form, we have used this technique to
analyze untreated gout patients and healthy controls. Our find-
ings indicate a significant impairment of both endothelial and
smooth muscle function (FMD, NMD) in untreated gout pa-
tients compared to healthy controls (p = 0.03). In contrast
however, a report by Brook et al. observed no difference in
FMD and NMD between gout patients and controls [9], so
additional studies will be needed to clarify the impact of gout
on vascular function in vivo.

Urate may also affect blood pressure by impacting the kid-
neys. Elevated levels of urate have been suggested to cause
renal tubular injury, interstitial inflammation, and stimulation
of the renin-angiotensin system [10]. Studies of evolutionary
biology suggest that hominid serum urate levels, which are
typically much higher than those of most other mammals,
may have evolved in part to promote maintenance of blood
pressure in a salt-poor environment [11, 12]. The mechanism
of such an event appears to be inactivating mutations in the
enzyme uricase, which block the degradation of urate and
raise serum urate levels.

To study hyperuricemia and blood pressure in an animal
model, Mazzali et al. administered oxonic acid (OA), an in-
hibitor of rat uricase that promotes elevation in rat serum urate.

Subsequent administration of allopurinol, a competitive xan-
thine oxidase inhibitor that blocks urate synthesis, returned the
rats to a normouricemic state [13]. In these experiments,
oxonic acid raised, and allopurinol re-normalized rat blood
pressure. Similar results have been obtained with febuxostat,
which inhibits xanthine oxidase by a non-competitive mech-
anism [14]. Although these studies suggest a direct effect of
urate on blood pressure, alternative explanations (such as di-
rect, urate-independent effects of the drugs under study) can-
not be fully excluded.

Can a urate-lowering effect on blood pressure be seen in
humans? Potentially yes, at least in carefully selected popula-
tions. Such a study was performed by Feig et al., who looked
at a population of adolescents with new onset essential hyper-
tension. Otherwise healthy teenagers were enrolled in a
placebo-crossover trial and received either allopurinol (400
mgs daily) or placebo for 4 weeks followed by a 2-week
wash-out period, followed by a switch to either placebo or
allopurinol in the next phase (depending on what was admin-
istered in the first phase). After placebo treatment, subjects
experienced no change in blood pressure. In contrast, when
the subjects received allopurinol, nearly all experienced a de-
crease in systolic blood pressure, with many achieving nor-
malization. When subjects discontinued allopurinol at wash-
out or study end, their blood pressure again increased [15].
Whether similar effects will be observed in hyperuricemic,
hypertensive adults remains to be determined, with a trial ac-
tively ongoing [16¢]. It is possible that individuals with
longstanding hypertension develop chronic changes that ren-
der their vasculature resistant to urate-lowering responses.

Hyperuricemia, Gout, and Cardiovascular Disease

Despite years of intensive study, cardiovascular disease re-
mains the leading cause of death in the USA [17]. Whether
because of direct or indirect effects, numerous studies confirm
that patients with hyperuricemia or gout are at increased car-
diovascular risk. The Framingham Cohort Study, originally
designed to study cardiovascular risk and disease over an ex-
tended period, has generated data allowing researchers to an-
alyze the relationship of heart disease to gout. Using the
Framingham data set, Abbott et al. observed that men with a
diagnosis of gout had increased risk of developing coronary
artery disease [18].

If gout confers risk for cardiovascular disease, can treating
gout reduce risk? Two large epidemiologic studies by Chen
and Pan suggest that patients with gout, or with hyperuricemia
without gout, have significantly decreased risk of cardiovas-
cular death when treated with urate-lowering therapy [19ee,
20]. Other large data studies have suggested similar findings
[21, 22]. There is a pressing need for large prospective clinical
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trials to assess whether urate-lowering therapy could be a po-
tential risk modifier in the gout patient population.

Hyperuricemia, Gout, and Insulin Resistance

Patients with gout have an increased prevalence of insulin
resistance, which has been well established in the literature
[23, 24]. Recent studies raise the question of whether insulin
resistance contributes to hyperuricemia and, potentially, gout,
or whether the metabolic environment of gout affects insulin
resistance and, potentially, diabetes. Intriguingly, epidemio-
logic studies suggest the latter. Analysis of the Multiple Risk
Factor Intervention Trial (MRFIT), a prospective study of
11,351 males with multiple cardiovascular risks, revealed that
a current diagnosis of gout is a marker for increased risk for
future development of type II diabetes. In contrast, in a study
employing the UK Health Improvement Network database,
individuals with diabetes were actually at lower risk for future
gout than individuals without diabetes [25, 26, 27¢]. Since
insulin promotes urate retention at the renal tubule [28-30],
low levels of insulin in the setting of a diabetic pancreatic
failure might contribute to reduced, rather than elevated levels
of uric acid.

Is there physiologic evidence that gout or hyperuricemia
may promote diabetes? A number of studies, including animal
and human models, suggest a connection. In one study, Scott
et al. generated hyperuricemic mice by administering a com-
bination of oxonic acid and urate and assessed what changes
developed in their serum urate, insulin, and glucose levels.
When these mice were hyperuricemic, their insulin levels de-
creased, and to a lesser but still significant extent, their serum
glucose increased. The authors proposed that the findings
were due, in part, to urate induction of pancreatic injury [31].

In addition to the pancreas, the liver plays a central role in
diabetes, as the primary site of gluconeogenesis.
Gluconeogenesis is a complex and highly regulated process,
whose rate-limiting enzymes are cytoplasmic phosphoenol-
pyruvate carboxykinase (PEPCK-C) and glucose 6 phospha-
tase (G6Pc) [32]. In turn, PEPCK-C and G6Pc are inhibited by
the phosphorylated (and hence activated) form of the enzyme
adenosine monophosphate kinase (AMPK) [32]. Here, our
interest lies in urate’s effect on AMPK. Early studies suggest
the ability of urate to inhibit AMPK and thus promote
gluconeogenesis. If correct, these observations raise the pos-
sibility that urate-lowering therapy could potentially have an
effect on gluconeogenesis, and several studies support the
plausibility of this hypothesis.

In rats, exposure to a high-fructose diet induces hypergly-
cemia, insulin resistance, and elevated serum insulin levels, as
well as an increase in serum urate. Intriguingly, treating
fructose-fed rats with allopurinol not only lowers urate, but
also decreases insulin levels and increases insulin sensitivity

@ Springer

[33]. Recently, Takir et al. studied the relationship between
urate and insulin resistance in humans and tested the possibil-
ity that allopurinol could reduce insulin resistance. In total,
121 subjects were stratified into normouricemic (rn = 48) and
hyperuricemic (n = 73) groups. The normouricemics were
defined as controls, and the hyperuricemic subjects were fur-
ther subdivided into an observation group (n = 33), and a
treatment group receiving allopurinol 300 mg daily. At the
end of 3 months, serum urate had declined (as expected) in
the hyperuricemic treatment group, but not the untreated
hyperuricemic controls. At baseline, insulin resistance was
low (measured as HOMA-IR) in the normouricemic control
group and higher in both of the hyperuricemic groups. At the
end of 3 months, the hyperuricemic control group persisted in
insulin resistance, whereas the allopurinol-treated
hyperuricemics experienced decreases in insulin resistance,
down to a level approximating that of the normouricemic con-
trols [34ee].

A Weighty Problem: Hyperuricemia, Gout,
and Adipose Tissue

Data from NHANES indicates that that 69.5% of adults ages
20 or older have a BMI consistent with the definition of over-
weight or obese [17]. The American College of
Rheumatology recognizes a relationship between gout and
obesity, but that relationship is complex, and confounded by
the fact that obesity is generally accompanied by diets that
tend to also promote hyperuricemia. That said, data supports
the notion that BMI and urate levels may be related by mech-
anisms that go beyond simply diet.

In an unpublished study of 34 gout patients, we confirmed
a significant relationship between urate and BMI (Fig. 1).
Somewhat more informative data comes from Kim et al.,
who compared serum urate levels in type II diabetic subjects,
not with BMI (a relatively non-specific measure of overall
body fat), but instead, with abdominal visceral and subcuta-
neous fat deposition using abdominal CT. In so doing, these
investigators found no relationship between serum urate and
subcutaneous fat—the kind usually thought of when consid-
ering obesity. Rather, the investigators found a significant re-
lationship between serum urate and visceral (central) fat—
exactly the kind of fat that defines the metabolic syndrome
[35].

If fat and urate levels are biologically intertwined, can hy-
peruricemia be ameliorated through the process of losing fat?
The American College of Rheumatology (ACR) Treatment
Guidelines recommend weight loss as part of comprehensive
gout treatment [36], but diet-based weight loss is notoriously
difficult to achieve and sustain, and the impact of such weight
loss on serum urate may be difficult to assess due to the long
duration of the dieting process and the potential for
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Fig. 1 Relationship between body mass index (BMI) and serum urate
(sUA). Eighty-eight patients were assessed for both BMI and sUA, and

the relationship plotted. Pillinger et al., unpublished data

confounding events. A more direct impact of weight loss can
be inferred from studies examining the impact of bariatric
surgery on serum urate. Dalbeth et al. reported that, following
bariatric surgery, patients experience a brief and transient pe-
riod of acute urate increase (possibly related to surgical tissue
disruption), followed by a dramatic and persistent urate de-
crease. In that study, 75% of patients undergoing bariatric
surgery achieved a serum urate below 6.5 mg/dL [37¢].
Another study by Romero-Talamas et al. reported similar find-
ings, with serum urate levels decreasing significantly post-
bariatric surgery. That study also found significant diminish-
ment in the number of gout attacks in the post- versus pre-
surgical groups (P = .005) [38]. Importantly, bariatric surgery
studies may be less likely to be confounded by diet than tra-
ditional weight loss studies, since bariatric surgery patients are
typically put on very stringent diets both before and after their
surgical procedure.

While bariatric surgery studies provide possible evidence
of adipose tissue regulating urate levels, the alternative ques-
tion also deserves consideration: do urate levels play a role in
regulating adipose tissue? Baldwin et al. attempted to answer
this question using the Pound mouse, a murine model of met-
abolic syndrome. Pound mice have a genetic mutation in their
leptin receptors and develop obesity, insulin resistance, dys-
lipidemia, liver disease, and hyperuricemia. Baldwin et al.
compared these metabolic syndrome mice to otherwise genet-
ically identical wild-type mice. As has previously been report-
ed in humans and other animal models of metabolic syn-
drome, Pound mice demonstrated a pro-inflammatory pheno-
type. In particular, compared with the wild-type mice, Pound
mice had increased expression of mRNA and protein for mac-
rophage chemotactic protein-1 (MCP-1), a pro-inflammatory
cytokine, but decreased expression of adiponectin, an anti-
inflammatory cytokine. Intriguingly, treating Pound mice with
allopurinol resulted in decreased MCP-1, but increased
adiponectin expression, along with the expected decline in
serum urate. Thus, treatment with a urate-lowering agent
may reverse a pro-inflammatory profile in metabolic syn-
drome mice [39¢°].

Compared with the wild-type controls, the abdominal fat of
the Pound mice displayed increased macrophage infiltration, a
common finding in metabolic syndrome adipose tissue.
However, treatment with allopurinol significantly reduced
the degree of macrophage infiltration. Consistent with other
studies, Pound mice treated with allopurinol also experienced
decreased insulin resistance and blood glucose levels and de-
creased mean arterial pressures. Perhaps disappointingly,
Pound mice treated with allopurinol experienced no decrease
in overall body weight. However, compared with wild-type
mice, the Pound mice showed an increased presence of fatty
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Fig. 2 Theoretical model of the interactions between urate and the
mechanisms of metabolic syndrome. Activated, phosphorylated AMP
kinase (pAMPK) has inhibitory effects on inflammation, on the rate
limiting enzymes of gluconeogenesis, and on the development of fatty
liver and hyperlipidemia. Inhibition of pAMPK by AMP deaminase
(AMPD) potentially permits metabolic syndrome processes to go
forward. AMPD and AMPK are mutually inhibitory, so the balance of
their activities may regulate outcomes. Additionally, fructokinase,
activated by fructose, promotes fatty liver and activates AMPD,

inactivating pAMPK and promoting metabolic syndrome processes.
Urate, generated intracellularly as a byproduct of purine catabolism,
inhibits pAMPK and again promotes metabolic syndrome processes;
urate production is also accelerated by AMPD and fructokinase (feed
forward regulation), and urate itself activates fructokinase. Inhibition of
intracellular urate generation by allopurinol may therefore promote
PAMPK activation and inhibit metabolic syndrome processes. Limited
data suggests that colchicine, an anti-inflammatory therapy for gout, may
also activate pAMPK. See text for details
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liver disease (essentially a form of visceral fat deposition),
which improved after treatment with allopurinol. These obser-
vations correlate well with a human population study
reporting that patients with hyperuricemia have almost double
the incidence of non-alcoholic fatty liver disease (NAFLD)
compared to non-hyperuricemics [40]. Other studies suggest
that both the prevalence and severity of NAFLD in
hyperuricemic patients are linked to serum urate levels [41].
Whether controlling urate in humans can ameliorate NAFLD
remains to be determined.

Putting It Together: the Link Between Fructose,
Urate, and Metabolic Syndrome

Fructose consumption has increased dramatically in the past
several decades, largely driven by the rise of corn syrup over
cane sugar as the preferred commercial sweetener [42].
Fructose ingestion is associated with multiple metabolic
syndrome-related impacts, including increased rates of hyper-
tension, weight gain, impaired glucose tolerance, hypertri-
glyceridemia, and low HDL [43]. In addition, fructose inges-
tion leads to an increase in intracellular uric acid generation
[44]. Biochemically speaking, the impact of fructose on urate
is a byproduct of fructose’s own metabolism, and the way it
interacts with the purine degradation pathways that lead to
uric acid generation [45]. During purine catabolism, adenine
bases are broken down into hypoxanthine and eventually uric
acid; this process is inhibited by the presence of inorganic
phosphate (P;) and adenosine triphosphate (ATP). When a
fructose molecule is introduced, it is acted upon by the en-
zyme fructokinase, during which process ATP is made to do-
nate a Pi (inorganic phosphate), which becomes covalently
bound to fructose in the form of fructose 1-P. This process
diminishes available levels of both Pi and ATP (indeed,
fructose-1-P is sometimes referred to as a phosphate “sink”™),
and thus, the loss of molecules that can inhibit urate genera-
tion. Simultaneously, the degradation of ATP results in the
generation of adenosine diphosphate (ADP), which can enter
the purine degradation pathway. Thus, the metabolism of fruc-
tose results in both the stimulation of urate synthesis, and the
loss of regulators of the urate synthetic pathway. In healthy
human subjects, this effect can be seen directly with adminis-
tration of a fructose load, which in a matter of hours can raise
the level of serum urate [44]. In retrospective, population-
based studies, Choi et al. have demonstrated that drinking
sugar sweetened soft drinks (a major source of dietary fruc-
tose) correlates with elevated serum urate levels in men and
women [46], and with an increased relative risk for gout that
was not identified in patients that consumed diet soft drinks
[47].

One important metabolic effect of urate is to promote the
activation of fructokinase. Thus, in the presence of fructose,
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urate is generated, which then up-regulates the metabolism of
additional molecules of fructose, in a feed forward cycle of
fructose metabolism and urate production. In rat studies,
Lanaspa et al. demonstrated the ability of urate-activated
fructokinase to promote lipid production, again implicating a
role for urate in the development of fatty liver. In these studies,
feeding rats a high fructose diet led to hyperuricemia, hypertri-
glyceridemia, hypercholesterolemia, and increased liver
weight and fat infiltration—all of which could be partially
reversed by treating the rats with the urate-lowering agent
allopurinol [48].

One of the critical enzymes for urate production is adeno-
sine monophosphate deaminase (AMPD), whose function is
disinhibited in the presence of fructose (since AMPD is
inhibited by Pi, whose concentrations decline in the presence
of fructose). In addition to promoting urate production, how-
ever, AMPD is also an important regulator of AMPK, whose
role in inhibiting gluconeogenesis has previously been de-
scribed. AMPK also plays a role in inhibiting, and AMPD
promoting, the development of fatty liver [49]. Wang et al.
have additionally shown that AMPK also has anti-
inflammatory effects in other cell types, such as leukocytes
[50e]. Thus, the complex interactions of urate and fructose
metabolism within the cell may well resemble a web, at whose
center lies AMPK, whose anti-metabolic syndrome effects are
adversely regulated by AMPD, urate, and fructokinase (Fig.
2). The extent to which intracellular inhibitors of urate pro-
duction (in particular, the xanthine oxidase inhibitors allopu-
rinol and febuxostat) may support the beneficial effects of
AMPK remain to be determined, but deserve further study.
Intriguingly, Wang et al. have additionally reported that col-
chicine, the anti-inflammatory agent most commonly used for
gout attack prophylaxis, may also act to stimulate AMPK
[50¢]. The clinical significance of this effect also remains to
be determined.

Conclusion

Should the presence of metabolic syndrome and/or its co-
morbidities lead to more aggressive with gout treatment?
Theoretically yes, if urate reduction using xanthine oxidase
inhibitors can be proven to ameliorate some or all aspects of
metabolic syndrome. The question may be academic however,
since the 2012 ACR gout treatment guidelines already recom-
mend that nearly all gout patients, with or without metabolic
syndrome, receive a xanthine oxidase inhibitor often along
with colchicine [36]. More pressing, perhaps, is the fact that
most gout sufferers in fact fail to receive the recommended
management [3, 51]. Of approximately 8 million gout suf-
ferers in the USA, only about 5 million have ever received
urate-lowering treatment [3, 51, 52], and as few as 0.5 million
achieve adequate treatment [53]. Another potentially
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important question is whether metabolic syndrome patients
with hyperuricemia but no gout also deserve urate-lowering
therapy. Treating patients for asymptomatic hyperuricemia is
routine practice in some Asian countries. For example,
Japanese guidelines recommend the treatment of asymptom-
atic hyperuricemia, with or without metabolic syndrome,
when the patient’s serum urate is greater than 9.0 mg/dL
[54]. In contrast, the ACR declined to make any recommen-
dation, citing insufficient data. Prospective trials will be criti-
cal to clarifying this important question.

In summary, gout is both an inflammatory and a metabolic
disease. In properly treating gout in our patients, we may also
be treating, and in some cases preventing, their other co-
morbidities.
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