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Abstract

Elevated serum uric acid (SUA) levels are commonly seen in patients with the metabolic syndrome (MetS). Several mechanisms, both
direct and indirect, connect the increased SUA levels with the established diagnostic criteria of MetS. It is possible that the increased
cardiovascular disease risk associated with the MetS is partially attributed to elevated circulating SUA concentration. Several drugs used in
the treatment of MetS may alter SUA levels. Thus, lifestyle measures together with the judicious selection of drugs for the treatment of
hypertension, dyslipidemia, and insulin resistance associated with MetS may result in a reduction of SUA levels and possibly cardiovascular
disease risk. This review summarizes the pathophysiologic association between SUA and MetS and focuses on the prevention of

hyperuricemia and its cardiovascular consequences.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction

The metabolic syndrome (MetS) is a modern “epidemic”
leading to increased risk of cardiovascular disease (CVD)
and diabetes mellitus (DM) [1-4]. The principal underlying
pathophysiologic abnormality is insulin resistance (IR),
which is mainly associated with abdominal obesity. Insulin
resistance eventually results in dyslipidemia, hypertension,
impaired carbohydrate metabolism, and other metabolic
abnormalities [5]. At least 5 organizations have recommen-
ded clinical criteria for the diagnosis of MetS [6-12]. These
criteria are similar in many aspects, but they also have
differences concerning the predominant causes of MetS and
the definition of obesity.

Serum uric acid (SUA) levels are often increased in
subjects with MetS [13,14]. However, none of the proposed
sets of diagnostic criteria include SUA levels in the
definition of MetS. In 2001, the National Cholesterol
Education Program Adult Treatment Panel III (NCEP ATP
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III) published the most widely used set of diagnostic criteria
[6]. These criteria include elevated plasma triglyceride
(TRG) levels (=150 mg/dL [1.69 mmol/L]), decreased
levels of high-density lipoprotein cholesterol (HDL-C)
(<40 mg/dL [1.04 mmol/L] in men and <50 mg/dL
[1.29 mmol/L] in women), elevated blood pressure (BP)
(=130/85 mm Hg), increased fasting plasma glucose levels
(= 110 mg/dL [6.1 mmol/L]), and abdominal obesity (waist
circumference >102 cm in men and >88 cm in women).
Recently, the International Diabetes Federation (IDF)
proposed a new MetS definition [10]. The IDF definition
suggested that abdominal obesity (plus other 2 criteria) is
required for the diagnosis of MetS. Furthermore, IDF
lowered waist circumference values defining abdominal
obesity (=94 cm in Europid men and >80 cm in Europid
women) and fasting plasma glucose levels defining impaired
fasting glucose (=100 mg/dL [5.54 mmol/L]). However, it
is believed that the NCEP ATP III criteria are currently the
most useful for the diagnosis of MetS, as IDF definition
seems to unacceptably increase the incidence of MetS in the
general population [15]. Moreover, a recent American Heart
Association/National Heart, Lung, and Blood Institute
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statement maintains the NCEP ATP III criteria except for
defining glucose levels as > 100 mg/dL (5.54 mmol/L) [12].
It also adopts the IDF-proposed criteria for the definition of
abdominal obesity in certain ethnic groups (eg, Asians).

Large epidemiologic studies underlined the association
of hyperuricemia with the components of MetS, suggesting
that SUA levels could be included in the definition of MetS
[13,16-21]. Moreover, as the number of MetS variables
increased, so did the SUA concentration [14]. Serum uric
acid levels may also be a reliable predictor of the “pre-
MetS” in obese youths [22].

Therefore, we undertook this review of current literature
on the relationship between uric acid (UA) and IR/MetS
aiming to answer the question of whether elevated SUA
levels are an active component or just an associative link to
the MetS. In addition, we briefly review the effect of drugs
used in the treatment of MetS on SUA levels.

2. Direct association of SUA levels with MetS and IR

Large epidemiologic studies demonstrated that the
prevalence of MetS showed a graded increase according
to SUA levels [14,17,18,23,24]. Moreover, SUA concen-
tration was positively correlated with BP, waist-to-hip ratio,
homeostasis model assessment index (an index of IR), body
mass index, and levels of fasting plasma glucose, insulin,
TRG, high-sensitivity C-reactive protein, and inversely
correlated with HDL-C levels [14,17,18,20,21,23-26].
Insulin resistance is probably the underlying condition
triggering the development of the above metabolic dis-
turbances. Thus, the degree of IR (measured in everyday
practice by the homeostasis model assessment index and the
quantitative insulin sensitivity check index) [27] may be
directly related to SUA levels [28-32]. In addition, drugs
that improve insulin sensitivity, such as metformin [33],
troglitazone [34,35], sibutramine [36-39], and orlistat
[33,40] can also lower SUA levels. Furthermore, after
multiple logistic regression analysis, only SUA levels and
fasting insulin were independent predictors of nonalcoholic
fatty liver disease, which is another common characteristic
of MetS [41]. In the same context, SUA concentration was
an independent predictor of hypertension incidence and
longitudinal BP progression at 4-year follow-up in Framing-
ham study participants [42].

Several studies revealed that IR is inversely related to
24 -hour urinary UA clearance [43-45]. Therefore, one mech-
anism linking hyperinsulinemia (a consequence of IR) with
hyperuricemia is a decreased renal excretion of UA. In fact,
insulin can enhance renal tubular sodium reabsorption in
humans [44-46]. Furthermore, renal excretion of UA is
reduced in situations with increased renal tubular reabsorp-
tion of sodium [45-47]. This finding could be explained by
the fact that proximal tubular reabsorption of UA occurs by
an active transport mechanism closely linked to, or identical
with, the tubular reabsorption of sodium [47]. Moreover,
insulin receptors were found in different tubular segments

[48]. Whatever the site of the tubular effects of insulin,
possible mechanisms include direct stimulation of tubular
ion exchange or acceleration of cellular metabolism [49].
Therefore, insulin can modify the handling of UA by the
kidney, thus leading to hyperuricemia. In the same context,
we recently showed that patients with MetS exhibited
significantly lower serum phosphate and magnesium levels
compared with healthy individuals [50].

In addition, there are other mechanisms connecting
increased SUA levels and hyperinsulinemia. Indeed, in-
creased purine biosynthesis and turnover, with its attendant
increase in SUA concentrations caused by increased activity
of the hexose monophosphate shunt, may be linked to IR
and/or hyperinsulinemia [29]. Specifically, impairment of
the glycolytic pathway can increase flux of glucose-
6-phosphate through the hexose monophosphate shunt,
resulting in accumulation of ribose-5-phosphate and other
intermediates, which are major substrates for UA production
[51,52]. Furthermore, glucose-6-phosphatase deficiency has
been reported to be associated with increased SUA levels
through multiple mechanisms [51].

On the other hand, there is evidence that UA may not
only be a consequence of IR, but it may actually promote or
worsen IR. Specifically, a recent study [53] showed that UA
plays an important role in the pathogenesis of MetS,
possibly due to its ability to inhibit endothelial function.
In detail, UA has been shown to inhibit nitric oxide (NO)
bioavailability [54]. Because insulin requires NO to
stimulate glucose uptake, the investigators hypothesized
that hyperuricemia may have a key role in the pathogenesis
of IR [53]. Further experiments from the same group
confirmed the above statement. Firstly, they demonstrated
that fructose intake can induce features of MetS (hyper-
insulinemia, hypertriglyceridemia) and also hyperuricemia.
Moreover, they administered allopurinol (a xanthine oxidase
inhibitor) and noticed that this drug could prevent fructose-
induced hyperinsulinemia and hypertriglyceridemia [53].

Metabolic syndrome is associated with increased oxida-
tive stress [55] and CVD risk [56,57]. Because UA is
considered to be an effective antioxidant [58,59], the
elevated SUA levels encountered in individuals with MetS
may reflect a compensatory mechanism counteracting the
increased oxidative stress associated with the MetS.

Other factors may also contribute to the association of
elevated SUA levels with MetS. Serum uric acid concen-
tration may depend on food and alcohol intake [60]. Indeed,
alcohol abuse may increase urate generation [61] and
decrease urate excretion [62] resulting in hyperuricemia.
Furthermore, a diet rich in purines (eg, overconsumption of
meat and seafood), complex carbohydrates, and saturated fat
may lead to both MetS and hyperuricemia [1,63]. Com-
monly used drugs, such as diuretics, may also lead to
elevated SUA levels [63]. In addition, postmenopausal
women have higher incidence of hypertension, diabetes,
obesity, and MetS as well as hyperuricemia [64]. A possible
explanation is that estrogens are uricosuric [65].
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The association between smoking and SUA levels is not
known. It is well established that smoking is associated
with an increased risk of vascular events [66]. Furthermore,
there is also evidence showing that smoking is associated
with IR [32,67] and increased risk of type 2 diabetes
mellitus development [68,69]. However, in a 6-year
longitudinal study of middle-aged Japanese men (n =
1445) free of hyperuricemia at baseline, smoking was a
protective risk factor against the development of hyperuri-
cemia (hazard ratio [HR], 0.65, 95% confidence interval
[CI], 0.46-0.92) even after adjustment for body mass index
[70]. In another study [71], SUA levels were influenced by
smoking status during pregnancy: nonsmokers had the
lowest SUA concentration, whereas women who quit
smoking had the highest level.

3. Indirect association of SUA levels with MetS and IR

Hypertension, commonly encountered in MetS, could
mediate an indirect relationship between MetS and SUA
levels. Indeed, hypertension could lead to hyperuricemia by
several mechanisms [72].

Hypertension leads to vascular disease and increased
renal vascular resistance [73], both resulting in decreased
renal blood flow, which in turn stimulates urate reabsorption
[73]. Moreover, microvascular disease leads to local
ischemia and release of lactate, which compete with urate
transporter in the proximal tubule, thus blocking urate
excretion [74]. In addition, ischemia induces the degradation
of adenosine to adenine and xanthine, whereas increased
generation of xanthine oxidase may be observed [51]. The
increased generation of the substrate (xanthine) and the
enzyme (xanthine oxidase) can lead to increased UA
production [75]. Furthermore, high SUA levels have been
associated with an increased generation of free radicals [76]
and oxidative stress, which may abolish endothelium-
dependent vasodilatation, thus leading to hypertension
[77]. However, as already stated, other studies have
suggested that UA is an effective antioxidant [58,59] and
elevated SUA levels encountered in individuals with MetS
may reflect a compensatory mechanism to the increased
oxidative stress associated with the MetS. One possible
mechanism could be that xanthine oxidase, the enzyme
responsible for UA production, is one of the main producers
of reactive oxygen species in the endothelium. All things
considered, the exact role of UA in oxidation (ie,
antioxidant vs prooxidant) is largely unknown and remains
to be elucidated.

Uric acid may not only be the result, but also a mediator
of hypertension [42]. Endothelial dysfunction and impaired
NO production due to increased SUA levels [78,79], as well
as the possible proinflammatory and prooxidative capacity
of UA [80,81] may explain the pathogenic role of UA in
hypertension. In addition, large clinical trials demonstrated
that UA predicts renal dysfunction, which is associated with
the development of hypertension [81-85].

Hypertriglyceridemia is one of the main abnormalities in
MetS. The association between UA and IR may be
secondary to the association between UA levels and
hypertriglyceridemia. Many studies underlined the indepen-
dent association of TRG and SUA levels [28,52,86-89]. In
this context, increased TRG levels may be associated with
decreased UA renal excretion [87].

Several studies revealed a genetic association between
hypertriglyceridemia and hyperuricemia. Apolipoprotein
(Apo) E polymorphism may affect SUA levels; the ApoE2
allele was independently associated with increased SUA
levels in healthy individuals in one study [90]. On the other
hand, an uncommon allelic variant of the ApoC-III gene
(S2 allele) [91] as well as the ApoE4 allele [92] have been
found more frequently in individuals with elevated TRG and
SUA levels. In addition, a recent study showed that patients
with MetS who do not have the E3/3 genotype have a
greater risk of hyperuricemia and postprandial hypertrigly-
ceridemia after a fat overload [93]. The above findings
suggested that the association between high UA and TRG
levels may be partially genetic.

Dyslipidemia per se represents a significant aggravating
factor for renal dysfunction [94]. Atherogenic dyslipidemia
(increased TRGs, decreased HDL-C levels, and, conse-
quently, increased small-dense low-density lipoprotein
cholesterol particle concentration) is a common character-
istic of the MetS. High serum cholesterol binds to
glomerular mesangial cells, and this may lead to renal
function decline [95-98]. A reduction in glomerular
filtration rate is another mechanism that increases SUA
[99]. The above mechanism could also partially explain the
association between dyslipidemia and hyperuricemia.

Of interest, MetS may be associated with an increased
prevalence of kidney dysfunction [100], thus resulting in an
increase in SUA levels. Elevated serum glucose levels
[101,102], hypertension [103,104], and obesity [105,106]
have been associated with an increased risk for chronic
kidney disease and microalbuminuria. These findings
provide more explanation for the high incidence of
hyperuricemia in MetS. On the other hand, elevation of
SUA levels could be a risk factor for the development
of chronic kidney disease [107]. Thus, reducing SUA levels
may prevent kidney function decline in MetS.

Another inherent part of MetS is visceral obesity, which
has been proposed to play a key role in the development of
the syndrome. An indirect relationship between UA and
MetS may be mediated via visceral obesity. Except for IR,
which seems to be the main mechanism connecting
visceral obesity with hyperuricemia [108], elevated levels
of leptin may also lead to an increase in SUA concentra-
tion. Recent studies assessed the role of leptin in
hyperuricemia [109-111]. Leptin has been demonstrated
to induce oxidative stress in endothelial cells and this,
as already mentioned, could increase SUA concentra-
tion [112]. The involvement of leptin in sodium tubular
reabsorption [113] may result in an increase in SUA



1296

levels [47]. However, these observations were derived
from animal models. Further studies are needed to eluci-
date the relationship between urate homeostasis and leptin
in humans.

4. Uric acid and CVD risk

Many studies have underlined the positive association
between SUA and CVD risk. Indeed, SUA concentration was
shown to be an independent risk factor for CVD [114-118]. In
the Augsburg cohort of the MONICA (World Health
Organization Monitoring Trends and Determinants in Car-
diovascular Diseases) study (including 1044 men) [119],
increased SUA levels independently from other known risk
factors predicted all-cause (HR, 2.8; 95% CI, 1.6-5.0) and
CVD mortality (HR, 2.2; 95% CI, 1.0-4.8). Furthermore, in
the Losartan Intervention For Endpoint reduction in hyper-
tension (LIFE) study [120], SUA concentration as a time-
varying covariate was strongly (P < .0001) associated with
CVD events, particularly in women.

One possible mechanism could be that elevated SUA
levels may induce renal disease [107], which seems to
progress in parallel with CVD [121]. Furthermore, xanthine
oxidase is one of the main producers of reactive oxygen
species in the endothelium, providing another possible
linkage between SUA, endothelium dysfunction, and
CVD. On the other hand, MetS is associated with increased
risk of CVD [122], and the number of the MetS diagnostic
criteria provides a more informative graded assessment of
CVD risk [123]. One may speculate that increased risk of

Table 1
The effect of drugs used in the treatment of MetS on SUA levels
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CVD associated with MetS could be partially mediated by
the elevated SUA levels [124]. In this context, the reduction
of SUA levels may result in a decrease in CVD risk
[121,125,126].

5. The effect of drugs used in the treatment of MetS on
SUA levels

A selection of cardiovascular drugs that have a neutral or
even lowering effect on SUA levels may be important in
decreasing CVD risk in MetS. Several drugs can influence
SUA concentration [63,127] (Table 1). Firstly, diuretics,
even in low doses, may increase SUA concentration by
increasing the net reabsorption of UA in the nephron
proximal tubule [128]. The diuretic-induced SUA elevation
is evident within a few days after initiating treatment
[129,130]. p-Blockers (propranolol [131], atenolol [132],
metoprolol [133], timolol [134], and alprenolol [135]) also
increased SUA concentrations in some studies. However,
this was not confirmed in others [136-138]. The mecha-
nisms by which f-blockers influence SUA levels are not
known. On the other hand, angiotensin-converting enzyme
inhibitors (captopril [139], enalapril [140], and ramipril
[141]) can reduce SUA levels [142]. The hypouricemic
effect of these drugs is possibly mediated by the reduction
of angiotensin II, which increases the UA net reabsorption
in the proximal tubule [143]. Angiotensin II receptor
blockers (valsartan [144], candesartan [145], telmisartan
[146], irbersartan [147], and erprosartan [148]) do not lower
SUA levels as they do not decrease angiotensin II

Drug Effect on SUA levels Mechanism of action
Diuretics Increase Increase of the net reabsorption of UA in the proximal tubule of the nephron
p-Blockers Increase or no change Unknown
ACEIs Reduction Reduction of angiotensin II, which increases the UA net
reabsorption in the proximal tubule

ARBs No change

-Except for losartan -Reduction -Losartan reduces the net reabsorption of UA in the proximal tubule.

However, the mechanism of its action is unknown.

Calcium channel blockers Reduction Increase in urate excretion, possibly by increasing creatinine clearance

-Except for nifedipine -No change

and verapamil

Fenofibrate Reduction Augments uricosuria by reducing the net reabsorption

-Other fibrates -No change of UA in the proximal tubule
Statins No change

-Except for atorvastatin -Reduction -Atorvastatin increases the fractional urate excretion

and simvastatin

Metformin Reduction Improved insulin sensitivity that leads to increased urinary excretion of UA
Sulfonylureas No change
Troglitazone Reduction Improved insulin sensitivity that leads to increased urinary excretion of UA

-Newer glitazones -No data available
Weight-lowering drugs Reduction The fall in SUA levels may be associated with the observed weight loss per

(sibutramine and orlistat)

Aspirin Biphasic effect: reduction at high

doses (>3 g/d), increase in lower doses

se, with an improvement in renal function, but also with a direct uricosuric
effect of these drugs or a decrease in insulin resistance.
Unknown

ACETIs indicates angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; SUA, serum uric acid; metS, metabolic syndrome.
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concentration [142]. Of interest, losartan is the only drug
from this category that can reduce the net reabsorption of
UA in the proximal tubule and lower SUA levels [149-152].
In the LIFE study [120], the increase in SUA concentration
over 4.8 years was attenuated by losartan compared with
atenolol treatment, appearing to explain 29% of the
treatment effect on the primary composite end point. The
underlying mechanism for this uricosuric action of losartan
remains unknown.

Calcium channel blockers (eg, amlodipine [153], felodi-
pine [154]) significantly decrease SUA levels by increasing
urate excretion. Nifedipine [155] and verapamil [156] are
the only drugs from this category that seem to have a neutral
effect on SUA levels.

Among lipid-lowering agents, fenofibrate may lower
SUA levels, whereas the other fibrates do not seem to
influence urate homeostasis [151,157-161]. Fenofibrate
augments uricosuria by reducing the net reabsorption of
uric acid in the proximal tubules [161]. Moreover, fenofi-
brate may counterbalance the SUA-raising effect of diuretics
[162]. Among statins, atorvastatin has a hypouricemic
action by increasing fractional urate excretion [163]. In
the GREek Atorvastatin and Coronary-heart-disease Evalu-
ation (GREACE) study this was dependent on the atorvas-
tatin dose [126]. Similarly, the improvement in calculated
creatinine clearance in GREACE was related to atorvastatin
dose and to baseline levels [164,165]. Simvastatin admin-
istration also reduced SUA levels in patients with peripheral
arterial disease [166].

As already mentioned, hyperinsulinemia may decrease
the urinary excretion of UA [43-45]. Therefore, drugs that
improve insulin sensitivity may lower SUA levels. For
example, metformin in some, but not all, studies lowered
SUA levels [33,167]. In contrast, sulfonylureas do not have
a hypouricemic effect [168]. In addition, troglitazone has
been shown to improve IR and decrease SUA levels
[25,34,35]. There are no clinical data regarding the effect
of the newer thiazolidinediones on UA metabolism.

Clinical studies have shown that 2 drugs used for
weight loss, sibutramine [37,38] and orlistat [33,40], can
also lower SUA levels. The fall in SUA concentration may
be associated with the observed weight loss per se, with an
improvement in renal function but also with a direct
uricosuric effect of these drugs or a decrease in IR [36,40].

Aspirin at high doses (> 3 g/d) exhibits uricosuric
properties, whereas lower doses cause urate retention
[169,170]. At 75 mg/d (a dose commonly used in high-
risk patients to prevent vascular events), aspirin caused a
slight but significant increase in SUA levels [169,170]. The
mechanism of this biphasic effect of aspirin on the renal
excretion of UA is not fully understood.

Lifestyle changes are of paramount importance in the
context of MetS treatment [1,2]. Weight loss has been
associated with a fall in SUA levels [171]. Furthermore,
regular physical exercise may also lower SUA concentra-
tion [172,173].

6. Conclusions and suggestions for future work

Raised SUA levels are associated with the MetS. Data
presented herein clearly show that UA is not just an
innocent bystander in MetS, but it is strongly interrelated
with metabolic disarrangements of MetS. Specifically, IR
leads to elevated SUA levels through both direct and
indirect mechanisms, which include increased urate produc-
tion as well as decreased renal urate excretion. Increased
SUA levels may in turn worsen IR and associated features,
such as hypertension, dyslipidemia, endothelial dysfunction,
nonalcoholic fatty liver disease, and chronic kidney disease,
thus increasing CVD risk.

The exact prevalence of elevated SUA levels in patients
with MetS as well as the incidence of gout in these patients
should be studied. Further studies are needed to define the
exact association between SUA and CVD and determine
whether inclusion of SUA concentration in the MetS
definition would improve its power to predict CVD risk
independently of other associated features.

A judicious selection of drugs used for the treatment of
hypertension, dyslipidemia, and IR associated with MetS
may result in a reduction of SUA levels and, possibly, in a
further reduction in CVD risk. An aggressive implementa-
tion of lifestyle changes could also reduce the adverse
impact of SUA in MetS.
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